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The report SSC-230."Calibration Beamsat the SSC". by A.Autin. et at. August

1989. andearlier studieswere reviewed by the author. It becameapparentthat the test

beam design is in such a state of flux, that many calculations of particle yields, muon

backgrounds.and instrumentationlayoutswould haveto be madebeforeany such beams

can actually be finalized. A set of simple fast fortran routines to make someof these

calculationsappearedto be desirable,Indeed,the exerciseof writing theseroutines proved

fruitful in delineatingwhat possibly not correct assumptionswere involved in theseprior
calculations,andwhich parameterswould haveto becarefully checkedbeforea final design

especiallythosefor muon dEdx andRange.

The particle yield calculationswere taken from a comprehensiveformulation found
in a recent translationof a Russiantextbook in the SSCL library seeAppendix A. This
formulationjoins the standard1.x**n andexpb*Pt**2 parameterizationswith some
correctivefactors, such that abetter job of fitting all of the experimentaldataover a large
part of the x, Pt and E rangesjointly appearsto have been done. The fortran routine
RUSSIAN.for is shownin Fig. 1.

Particle yield programsYIELD.for. YPLTJS.for and YTHETA.for exist on the SS
CVX1 computerdisk USER2:[GRK} for useby the SSCL community Appendix B gives
the listings andoutput for some YTHETA calculations. Thesegave the negative pion
yields shown in Fig. 2. The YPLUS programhas the proton yield formulas. YIELD does
the calculationsfor various x values at some requestedPt, whereasYTHETA presents
the yields for various x at constant laboratory angle theta. The yields are given "per
interactingproton" and "per incident proton" at the target, and "per incident proton" at
the detector, allowing for particle decay-in-flight over the specifiedbeamlength.

Additional routines taylorM.for. taylorF.for and chojvat.for were written to check
variations in the yields a.s given by different parameterizationsand variancesin measured
data sets. Comparisonswere made with taylorM,F for pions and kaons: antiproton
comparisonswith theseandchojvat havenot beendone‘chojvat’ should be IC. although
it has not beentested. These are shown in Fig. 3. and show that the yields ate within
a factor of 2 either way in the regionsof phasespacex.Pt where the data and fits are
good. At low x values and presumablyat very high x and Pt values the yields may he
incorrect by an order of magnitude. The total inclusive crossectionsyield multiplicities

of hadronsthat are in reasonableagreementwith experimentsee comparison references
in Appendix C’.

Muon distributions are very sensitive to multiple scattering and energy loss pa
rameters of the Austin chalk density and the rapidly increasingdEdx of very energetic
muonsgreater than 100 GeV. Any 2 TeV future beanismust look very carefully at this.
The energy?ossparametersandrangeformulaeare basedon Eastrntuiarid Lok<-’zz 1987:
see Appendix D for the references.dEdx curves, and the program power-dEcix that I
used to paraniererizethem.

The prograni niuSCatZ. for calculatesthe transverseniuc,tx distri buttonsfi,r a bea.nt
of protoxis incident on a wall of Austin chalk. assinnnnga onetnererabsorptiondistanceor



alternatively,if the secondarybeamis buried after somemetersof flight path, per meter.
The hadroniccascademuonshave beenignored. This is OK aslong asone doesnot look
at distancescloser to the target areathan 10 percentor so of the most energeticmuons

and multiple scatteringparametersmust be carefully investigatedbefore any CASIM or
muSCatZresultsare to be trusted.

The programlistingsandfull output from muScatZ for 200 GeV and2000 GeV runs
are given in Appendix E.

Electron yields cn be obtained Bx doing the "spread.for" spread-outtwice only

/ doing it over a range[O0 to 1.0] times the x,Pt of theparentpions the first time, andthe
secondarygammasthe kcond time. Of coursea conversionefficiency for the gamma-to-

photon foil must be speei½d, which factor would multiply the output from such a program.
THIS PROGRAM HAS NT YET BEN DONE. The electron yield estimatesthat were
shownin Fig. 2 abovewere doneby 1very crudeback-of-the-envelopecalculationof this
nature.

K t
H

r cnza&tid&-J

range. as the averagemultiplicity in this regimeis at least 10. The programcalculates
the sumof the pion andkaon particleyields both positive and negativeandlets them all

decayas pions to muons. The spreadout of the decayproductsover the 0.57 to 1.0 times
the x and Pt region for each particle is doneby thesubroutinespread.for. The multiple

scatteringand the determinationof the transverseradial distribution of thesemuons is
doneby the subroutineinside.for. A typical output for 2 TeV protons is given in Table
1. Some of thesevaluesare plotted upon the Fig. 7A,B CASIM resultsof SSC-230in
Fig. 4 and 5. Reasonableagreementis obtained,but the beamdesign,muon energyloss



C..ubroutinerussianityper, pperp,atwt, TC1S4i 1-
c parameters tar particieT’ieIas.. . 1=pi÷T1Y=pi-from New Russian Xlation
c "Passageof H.E. particles thru Matter, AN Kalinovski,etal,AIP,eqfl3.26

dimension cl5,c25 ,c35,c45,c55,.cb5 ,fm5,omeg5,
x fmusq5,bzero5,gam5

CcCC
C 1=’pi+, 2=’pi-, 3=K+, 4=K- and 5=p- ie pbar =i = itype
cCCC
c units are GeV for fm,omeg,gam and GeV**_1 for bzero...

data cl/0.25, 0.20, 0.075, 0.078, 0.080/
data c2/3.1, 4.0, 2.5, 6.1, 8.6/
data c3/0.88, 1.18, 1.60, 2.46, 2.30/
data c4/3.O, 3,0, 3.0, 3.5, 4.2/
data cS/2., 2., 2., 2., 2./
data c6/11.3, 9.8, 10.7, 8.8, 10.5/
data fm/2*0.1396, 2*0.4937, 0.9382/
data omeg/l.8778, 2.016, 2.054, 2.370, 2.815/
data fmusq/0.88, 0.86, 1.2, 1.2, 1.1/
data bzero/0.10, 0.11, 0.12, 0.12, 0.12/
data gam/4.0, 3.5, 4.0, 4.0, 5.0/

C

c formulae 3.26. . .given as function of "p-perp and x-prime". . .to be input
c where x_prime=E*/E*max. . .ie 0. thru +1.

iitype
srtofS=sqrt2 .0*0. 9382*Ezero
bperp=bzeroi *pperp
ifpperp.gt.gami bperp=bzeroi*gaxni
psq=pperp**2
xperp=’2. *pperp/srtofS
phi=exp_04i*psq+c5i*exp_c6i*xperp/psq+fmusqi**2**4
xxx=cli*atwt**bperp*1._xpr**c2j*exp_c3j*xpr*phi

c AND SCALE BY Be absorption crossection 199 nib
ccsect=atwt-0.40/9.01-0.40fl**O.69
ccsect=ccsect*199.
xxx=CcseCt*xxx
dsdp3=’xxx
return
end

‘I /

1.



-

program yplus
ccccc*rrr* yplus. . .px and roton AND ratio ....6-iB-90 grk
CCCCC. uses eqn. 3.27 for protons -

c dimensions in ‘inches..program converts to meters
data fmperin/0.0254/

CCCCCCCCCCCCCC P1+ / PROTON
c parameters for particle yields.1=pi+, 2=prot from New Russian Xlation
c "Passageof H.E. Particles thru Matter, AN Kalinovski,etal,AIP,eqfl3.26

dimension cl9,c29,c39,c49,c59,c69,fm9,omeg9,
x fmusq9,bzero9,gam9

dimension dsdp100,9,xpr100,fnum100,9,gnum100,9,ratio100
c units are GeY for fm,omeg,gamand GeV**_1 for bzero...

data cl/0.25, 0.018, 7*0./
data c2/3.1, 126., 7*0./
data c3/0.88, 1.14, 7*0./
data c4/3.0, 0., 7*0./
data c5/2., 0., 7*0/
data c6/11.3, 0.., 7*07
data fm/0.1396, 0.9383, 7*0./
data omeg/1.8778, 0.9383, 7*O./
data fmusq/0.88, 1.3, 7*Q7
data bzero/0.10, 0.13, 7*0./
data gam/4.0, 5.0, 7*/

c and 3.27 for protons
c formulae 3. 26. . . given as function of "p-perp and x-prime". . .to be input
c where x-prime=E*/E*max. . .ie -1. thru 0. to +1.

write6,10
10 formatlx, ‘INPUT p-perpGeV,delta-xpr,sqrtS,atn 4F8.3’

read5,11pperp, dxpr, srtofs, atnuni
11 format4f8.3

write6, 12pperp,dxpr,srtofS,atn.u
wflte3, 12pperp,dxpr,srtofs, atnum

12 forniatlx, ‘ECHO p-perp,delxpr,srtofs,A=’ ,4f8.3
c DO A PPERP loop also.. .by 0.1 starting with readin pperp
c do 100 111=1,11
c do 100 111=1,6
c ioop over pi+,proton ie 1,2

do 101 i=1,2
c do xpr values from dxpr UP, but MAX of 100, and NOT xpr=l. either

nn=1 ./dxpr
nn=nn-l
ifnn.gt.l00 nn=100
xprl-dxpr
do 102 j1,nn
bperp=bzeroi *pperp
ifpperp.gt.gami bperp=bzeroi*gami
psq=pperp**2
xperp=2. *pperp/srtofs
IFi.eq.1 THEN

nx=cli*atnum**bperp*1._xprJ**c2j*exp_c3j*xprJ*phi
ELSE

c protons i=2
fppp=srtofS*sqrt1 . -xprJ
fxx=_1.+0.3*psq
fpPNl._xprJ**fxx*exp_3.5*psq*1.+1./fppp
fxr’c3i*psq
Xflcli*fpp+c2i*atnum**bperp*xprJ*1._xprJ**

x fxxJpsq.I-fmusqi**4.5
ENDIF

c AND SCALE BY Be absorption crossection 199 nib
ccsect=atnum-o.40/9o1-040**069
cCseCt=ccsect*199.

c 12-26-90 xxx=ccsect*xxx
dsdpi , I =xxx*ccsect

- -.‘,--.C , caF rlcnlirl n1nl 1U*6



ccc 3 micro-sterradjans 033 Labsorpt Be target..xtep_:t 24 i 24%ccc .cident protons interact. . .then yield per interact-proton isccc. piab"2 dp/p *ster_rad inv.sigmasdp .fl, where dp/p=O.2=-1o%ccc and plab=xpflpzeroEzero_2QQ GeV,..’MB’ and sigmaabs.Be199 nib.ccc /intp xpr**2 * 0.2 * 3z1o**-6 * Elab**2 * dsdp..,.. / 199nth
c. . .correct for non-200. Ge?. . .11-16-90 grk

fnumiFifnumji*Ezero/2Qo*2c 24 % interact in 0.33 absorption length targetgnumj ifnuxnj ,i*0,24
ifj.ne.nn XPri+1=xprj+dxpr102 continue

103. Continue
do 2222 jjJ.,nn

2222 ratiojjdsdp1J 2/dsdpjj, 1write 3, 22lpperp
221 formatlox, ‘PPERP=’ ,flO.2

x nurnml,gnwnm2aj0ffl1
222 formatcjx, ‘mIxPrdsappi÷Proti2f632flx lOx, ‘#/int_PPi+pl,2Ox2elo3/jox ‘/incident-p.. ‘,20x,2e10.3/x lOxF’ratiop/pi÷..,e134

pperppperp+o 1
100 continue

call exit
end
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SSC Laboratory Physics Research Division

Table 4.1.1.4-1
Particle Yields for 200 GeV Beam per 10" Incident Protons

Secondary Momentum
GeVic t-

e*
estimated

150 2x104 102 .
100 6x105 5 x103
50 2c106 io
10 4x105 10

5 5x104 6 x104
3 io 2 x104
1 102 2 x103
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SSC Laboratory Physics Research Division

Table 4.1.1.4-1
Particle Yields for 200 GeY Beam per 1011 Incident Protons

Secondary Momentum
GeV/c
150
100
50
10

5
3
1

It-

2 x io
6 x 10
2 x 106
4 x io
5 x io

io

641’

estimated

102
5 x io3

1 o4
io

6 x io
2 x io
2 x io102

tj.OC.

2-

6/3C/qc



V

---Li

-a

1-
--

-i
I’

_____

.2-i.Bo
Ti1

- -

-- -- --

--

-

-

-- L_t

.:fl4-

ri:

_ _

-

- --7-/---- -op

-: 1.i

-l_---ir-iuT: --Th-
2

____J Pipe

- ‘*.- Y’ff° /

T5i

7:

ft

*

* --

- - -

---1 ‘

lEE

C

4,--

- -- -

0

* --

--- -H

-I



Page 4, muSCatZ . . .INSIDE results..
A,EC,RR 9.0 21300.0 1.0

PER METER OF DECAY PATH

tA4tE I’

first. . .tjNscattered

Step#, Rangem,
1 0. 0.
2 221. 100
3 386. 200.
4 518. 300.
5 628. 400.
6 722. 500.
7 804. 600.
8 877. 700.
9 943. 800.

10 1002. 900.
11 1057. 1000.
12 1108. 1100.
13 1155. 1200.
14 1198. 1300.
15 1240. 1400.
16 1278. 1500.
17 1315. 1600.
18 1349. 1700.
19 1382. 1800.
20 1413. 1900.

8.82
7.81
7.31
6.90
6.55
6.23
5.93
5.63
5.33
5.03
4.72
4.39
4.05
3.68
3.27
2.82
2.28
1.63
0.75

-0.78

PPmin, LoglO mus/m**2/10**12 , Radius=1,
0.00 0.00 0.00 0.00
6.54 5.00 3.86 2.95
6.08 4.60 3.46 2.53
5.61 4.06 2.89 1.97
5.18 3.54 2.38 1.40
4.76 3.09 1.90 0.84
4.35 2.64 1.42 0.27
3.98 2.24 0.97 -0.34
3.60 1.80 0.52 -1.02
3.22 1.41 0.06 -1.81
2.81 0.98 -0.41 -2.89
2.42 0.57 -0.90 0.00
2.01 0.13 -1.42 0.00
1.57 -0.33 -1.98 0.00
1.09 -0.81 ‘-2.58 0.00
0.56 -1.36 -3.29 0.00

-0.01 -1.95 -4.13 0.00
-0.71 -2.69 -5.14 0.00
-1.63 -3.61 0.00 0.00
-3.22 -5.19 0.00 0.00

0.00
1.98
1.67
1.00
0.22

-0.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10
0.00
0.00
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7-/-9 ‘*! ‘

second .. Multiply Scattered -3 3.3 2C3
ii5

. I’ y

Step, jn nfl, PPminJ Log10mus/%**2/l0**12,Radius=1,10./’
1 1 0.flT82 0.00 0.0W 0.00 0.00 0.00 0.00 /0.00 0.00 0.00
2 22 100. 7.68 6.78 6. 5.59 4.83 3.88 2.87/ 1.77 0.78 -0.50

‘‘‘ 3 86 200. 7.14 6.21 - 5.32 ,4.82 4.30 3.61 2.95 2.17 . 110seeee

L 4 . 300. /6.71/ 5.77 5.364.96 4.52f 4.02 /3.45/ 2,88 2.19/1.47 4r
5 628. 400. 6.35 5.41 tt 4.60 4.2l 3.73 3.17’ 2.58 1.97’ 1.27
6 722. 500. 6.02 5.06 J4.68 4.29 3.90 3.36 2.91 2.26 1.64 0.93
7 804. 600.i 5.71 4.76 [4.35 4.01 3.55 3.09 2.54 1.93 1.33 0.56
8 877. 700. 5.40 4.45/ 4.05 3.72 3.22 2.82 2.18 1.66 0.88 0.26
9 943. soo. 5.12 4.10; 3.79 3.35 2.97 2.42 1.91 1.22 0.56 -0.19

10 1002. 900. 4.81 3.79 3.48 3.10 2.56 2.13 1.52 0.80 0.19 -0.67
11 1057. 1000. 4.49 3.51/ 3.3.3 2.76 2.29 1.74 1.16 0.53 -0.25 -1.22
12 1108. 1100.1 4.17 3.2] 2.80 2.37 1.96 1.43 0.79 0.08 -0.69 -1.88
13 1155. 1200J 3.82 2.8w 2.46 2.06 1.59 1.01 0.37 -0.37 -1.16 -2.60
14 1198. 1300.1 3.45 2.41 2.10 1.68 1.20 0.64 -0.07 -0.76 -1.61 -3.29
15 1240. 1400.1 3.05 2.0 1.70 1.25 0.75 0.16 -0.50 -1.28 -2.13 -4.06
16 1278. 1500.1 2.60 1.6fi. 1.21 0.79 0.29 -0.32 -1.04 -1.83 -2.73 -4.78
17 1315. 1600.: 2.07 l.0 0.69 0.25 -0.29 -0.90 -1.57 -2.45 -3.47 -5.92
18 1349. 1700.1 1.42 0.41 0.05 -0.45 -0.94 -1.62 -2.33 -3.16 -4.41 -6.35
19 1382. 1800.! 0.54 -0./{7 -0.82 -1.31 -1.84 -2.50 -3.30 -4.09 -5.61 -7.43
20 1413. 1900. -1.00 -1.97 -2.41 -2.84 -3.43 -4.08 -4.85 -5.76 -7.47 -9.23
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Multiple productionof hadrons 99

where NA, = A1c NA4/c1 A1A2 is the averagenumberof nucleonsin the
nucleusA1 whichparticipatein the interaction.Thebehaviorof thequantity
4x>O is determinedfrom thedataon NA andNNinteractions. The param.
eter flxF increasesslowly with increasingx,. Atx, =0.5we have$xp 0.2.

3 An equation similar to Eq. 3.23 applies in the region of fragmenta
tion of the nucleonsof the nucleusA2. Relations 3.22 and 3.23 are valid
when the energy of the nucleon of an incident nucleus A1 is high EA, /
A1 100GeV; Ref. 28. If, on theother hand,A1 4A2, theserelations will apply
even at energieson the order of several tens of GeV per nucleon of the
nucleus.

At a moderately high energy, relations3.22 and 3.23 generallydo not
apply, and either the phenomenologicalparaxnetrizations of the experirnen
tal data or the intranuclear cascademodel should be used.

4. Phenomenologicaldescription of the
inclusive spectra

The existingmodelsfor thedescriptionof the inclusive distributionsof ha
dronsinpp collisionsatE0>1 GeV arebasedon simplifying specific assuinp
tions. Thesemodels thereforedescribethe processin aparticular limited
regionof thekinematicvariables.The complex-momentummethod,which is
generalizedto the inclusiveprocesses,for example,predictsthe behavior of
the distribution in the scalingvariableXF separatelyfor the fragmentation
region andthe pionizationregion,without yielding anyinformationabout
the intermediateregion.Sincethetransverse-momentumdistributionis not
determined in the complex-momentum method, it must be postulatedby
choosingaGaussianorexponentialshapeandby fitting the parametersfrom
a comparison with the experiment.Statisticaland thermodynamicmodels
alsohave an adequatenumber of adjustable parameters. Furthermore, such
modelsgive an incorrect dependenceof the invariant cross section on the
transversemomentumatp1 1-2GeV/c.

All thesefactors preventaparticular modelfrom establishinga quanti
tative agreementbetweentheoryand exp rimentaldataover a broad kine
matic intervalwithoutchoosingfreeparameters.An urgentneedto describe
the inclusivespectra,especiallyin going up the energyscale, hasinitiated
many attemptsto construct relevant phenomenologicalequations.

The main featuresof the inclusive hadron distributions in the reaction
hp-.cXcan be analyzedby usingsimple expressionsof the type

- E&a/d3p = C0p1Xl - x,"; n#np,p0. 3.24

The valuesof the parameter it for various reactionsat primaryhadron mo
mentaPo- 100-200GeV/c in the laboratoryframe at Pt <1.2 GeVIc and
0.2 <XF ci are presented73in Table 3.3.
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elds from malensek

Darticles at 100 GeV/c with 200 GeV on target are:

Electron/P = 5.7 E-7

?signed, he bends run at 16 kg and the qu4is aabout
I hav therefore not run any yields at p.50 GeV/c.

retty goo, we could just add enough bendsto make
s at the4r 100 Gev values. If you want ni to run

.cC me Jcnow.

site startup is going pretty well NP and NM are tuned up and are getting
expectedyields. NE has taken bin through the pinhole all the way down to
Lab G. NW is down to Eric. 102; tfl’/NK has beam on the primary tar et in
NES.

Regards,

Anthony
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I.!. Vdlues of Ihe parameter n in Eq. 3.24 or various reaclions.

r’

- Table 3.5. values ol the parameters In Eqs. 3.26 and 3.27.

I"
: Parlicle rn Ccv to, Ccv pi b r, GeV C, C2 C ,Ii Ii..o if’ .K’ ,r *K K .‘r’ K - . if’ .p it *fl

3.28 140 228 2.50 3,78 2.13

n.h if* .p it p K’ *p K - ‘i p ‘if’
ii 2.98 2.58 1.72 1.56 3.43

P ‘if

1.30

p.K p.,, Pif’ if’.fr if .ii’’

2.87 4.53 1.71 3.32 2.’.14
if

2.30

I,’,’ if .K’ K’ *,r K .,r K .;, P ‘K
1.98 2.98 2.51 4.13 4.6!

p .3
8.09

3.4. Average values ol the inelasticity coefficient <Kr.

‘‘u. . Ccv CU Al F., Pt

..v41V 200-2000 0.17±001 0.19j0.02 0.19j 0.02
0.1? 0.19 3,21

.,‘V 200 2001 0.31 ± 1.02 0.381 1.04 0.37 ± 0.05
1.31 1.31 0.31

tit io ix 104 - -‘-- -

-, -

0.2! 002
0.23

0. 3’ jO.04
1,30

0.37 ± 3.01
13,19

‘l’he average inelasticity coefficient<K> is a useful concept in the analy
ui an interaction. The calculated lower numbers and experimentally ob
tied upper numbers asymptotic values <Kr> = <K..>, taken from Ref. 74,

given in Table 3.4. At E-20 GeV in the pN reaction <K>c=0.l5.
* >0.46, <K_0.l3, and <Ko>c0.41Ref. 74.
The expressions for effective invariantcrosssectionsof the inclusive re

pA-.irt1Kt,P,tt+X4t pA-sp,n+XA 3.25

- the protonand nuclear targets lere proposed in Ref. 75. These equations
ye no morefree parametersthanthespecificmodels and, most important,
ry have all the qualitative properties at small transverse momenta

S 1.5 GeV/c and large transverse momenta p, 1.5 0eV/c, describing
spectra in the entire region, - l<XFC1.
As the kinematic variables one can use f = E/EtØX and p. where E

il E,,, are the total energy of the inclusive particle in the c.m. frame and its
iximum possible value. The variables x’ and p1 are useful near the phase
tindary and in the central region see Sec. 1.3. In addition, these variables

iuaiid reveal an early scaling.
‘raking into account the 4ualitative predictions of the Regge and parton

"lels, the following expression wasobtained in Ref. 751cr the particle spec-
oF the first reaction in 3.251

and the parameters b0, r, p2, and u * totinG ny the method of least sq
from the experimental data, are presented in Table 3.5. Also given I?

table are the masses in of the corresponding particles and the nun:
masses w of the X system from 3.25 for the nucleon target;.

The differential cross section of the second reaction in 3.25 w.
scribed in Ref. 75 by using the predictions of the Regge model for kb’ I
the two-cluster diffraction model for jx, <0.7, and the predictions
parton model for largç m. The three-Reggeon vertices PP?1 PP.8,RRJ
RRR see Sec. 3.1, which were parametrized in the form G,,pftjO

x expat, were taken into account. Here P is a pomeron with the traji
at = I + 0.1St, and R is the effective nonvacuum pole with lie trajl
a11t = 0.5 + 0.75t and a = const. Finally,

c1[Fg.p .1444MhuIf1 -x9’p t.u2 46];

= + S I/2j
- x’Y 1/91

- x’F
v.a,4 exp 3.5p,

where the function A p1 is the same as that in Eq. 3.26 and the pan
values are given in Table 3.5. For the reaction pA -, nX4 we have F,.,.

Figures 3.15-3.21 compare the results of calculations based on Eqs
and 3.27 with the experimental data of Ref. 75. These figures reveal
agreement over a broad range of target nuclei p. Be, Ti, and W oft
mary momenta 6cp11c1500 0eV/c, transverse momenta 0.2sp, sS
and longitudinal momenta Dc If I . This result is evidence that

p 0.938 28
0.93957

Jr’ 0.33957
it 0.139 57
Kt 0.49371
K 0.49371
p 0.9828
I’ 1.18937
I 3.397 35

0.938 28
1.077 85
1.877 75
2.01613
2.05 3 88
2.37027
2.81484
1.43598
3,57555

1.3
I.
0.88
0.86
1.2
1.2

I,!
3.

0.13
0.14
0,10
0.11
0.12
02
0.32
0.12
012

5.0 0.018
5.0 0.018
4.0 0.25
3.5 0.20
4.0 0.075
4 0 0.078
50 0080
4.0 0015
4.0 0.014

126
126

3-I
4.0
2.5
6.3
8.6
0.3

0.4

1.14
1.14
0.88
1.18
1.60
2.46
2.30
1.3
I .6

3.0
30
30
3.5
42
40

3.8

F’ ‘C.. E da4 -

04 d1p
Ci4’Xl - x’"’ exp - C3x’$F p,;

where

I Ions

exp - C6,
Mp,=exp -4p-j-5

b0p1 .p, <r
bp,=

> Px1 2p1 /$,
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Inc 3.15. tnvariant cross sections td’a/d’p for a the inclusive reaction pp-. + ... Icurves,
h ,*Iation based on Eq. 3.26:-, p0 = 24 CeV/c, -.p, 1500 GeV/c the experimentaldala for
ironi6 In 1500 CeV/rwere taken from Ref. 75:, p, = 0.2 6eV/c; , p, 0.8 6eV/c,
f’t, 14 the reaction pp-p + ‘ Icurves. calculation based on Eq. 3.271.

.j,,rc 3.16. Inwañant cross sections for a the rejctionpp-.n - + and 14 the reaction
n ‘t The notation is Ihe same as in Fig.,4.1S.

Figure 3.17. Invariant cross sections for a the reactionpp-.K t ... and hi the rent
pp-.K’ . .... The nolation is the same as in rig. 3.1

Figure 3.18. Invariant cross section for the production of
inclusive hadrons fl pp collisions at p, 0.2 6eV/c curves,

calculation from Ref. 75 for p = 300 GeVJc experimental
points from Ref. 75 for 6cpc1500 CeVIc’ Im experimental
dataReI.15onpteinteractiOnfOrPo = 29GeVlcandp, = 0;

1w rtj.

‘°‘ ióic’i7fl -

I
I

gested equations are highly precise, which makes theni a useful tool for

analysis of the inclusive distributions.
A slightly less accurate description of the spectra at small p’ and °

particular features of the A dependence are, however, the tradeoff to,

universal applicability of Eqs. 3.26 and 3.27. The small transverse
menta play an important role in the calculation of electromagnetic casc;

In addition, information on the reactions of the type 3.25 must be avai
for all incident particles over a broad range of the primary momenta p.,
GeV/c which participate in the development of the electromagnetic cas

0 0.2 0.4 0.6 X’ 0 0.2 0.4 06 0.0 X
a I,

4 b



Figure 3.19. Invariant cross section for the productionof u mesons in pp collision the calculated curves andexperimental points were taken from Ref. 75.

Figure 3.20. Invariant cross section for the production of hadrons inpWinteraction alp w 300 6eV/c the calculated curves andexperimental points were taken from Ref. 75.

lysis of various semiernpirical equations published in the literature?&s that the following description of inclusive hadron distributions in hAactions can now be used in the theoretical predictions of electromagneticides.

‘egion E0> 5Gev
..sunie that the incident particle is a nucleon, in the interval 0.8 Sx, $1ading-nucleon spectra can then be described by the PPPand PPR contri‘is of the three.Reggeon formalism. The average multiplicity of these

Figure 3.21. Momentum distribution of protons and pionsal an
angle Q = 77 mrad in the laboratory frame in p7; interaction at

p. = 300 6eV/c. The solid curve was calculated torn Eqs. 3.26
and 3.27, the dished curve was plotted on the basis of he

thermodynamic model, and the experimental data points were
taken from Ret. 79.

Table 3.6. Values of the parameters C, in Eq. 3.28.

A C, C, Ii

<40 2.87 - 2.99 3.2 1.9$ 582 2’J’I
.40 2.80 - 1.78 03 5.38 5.80 280

[N
<N *‘£

I’,,
Jo’

a. :1

[I’
l

nucleons is described by the empirical formula <n>0.135A ÷2 0355.

distributions of the other fast nucleons are found by means of the fo
las768° x = Xb.

J2N 1 ÷ C41x1 + C3x2
dxdp

=

x exp_04p?-l-C5exp-C6p.1

where x = PVPsax,and the modified parameters C, which make
sistent description of the spectra possible, are given in Table 3.6.

The following equations can be used to describe the production of se
ary it and IC mesons1t79:

d2N
= c, !i - ZR Fexp -

dxdp, x

F= 1 - exp - Tr21G3 -

4’ p? = 1 - C6 exp - G7p + c6 exp - O
wherex p/p, C = E*/ax,and the parameters C, are given in
3;?. ‘The quantities in the c.m. frame of the reaction are denoted by an
isk.

We assume now that the incident particle is a ir meson. At Xb.

nucleon spectra are described by Eq. 3.28 and at Xb. >0 they are descri

an equation which describes the experimental data in an approximate
d2N 2-=B, expi ..-B2x[exp - 8,p5+ B exp - 85p,j

dxdp,
Here B1 = 1.8, .84 = 5.2,Ba = 3.78, B4 = 0.47, and B6 =z 3.6.



1.7. Values of he parameters C in Eq. 3.29.

In,. I’,IJI,t It’ C, G2 C, C, G5 ‘ C,

it’ 2.47 1.80 3.0 0.010
1.74 2.60 1.0 1009

K’ 0.17 1.10 30 11310
K II. 12 3 60 1.0 0.009

4.78
2.94
2.78
2.94

0.30 12.0
0,30 171
0.46 42
0.48 5.0

2,71
2.70
265
2 70

it 2.? I 0’ 26 0.010
it 1.62 252 0.7 0.008
K’ OIl 128 21, 0010
K 009 3.80 0.2 1108

3.0
3.13
1.03
3.11

0.30 125
0.12 110
11.51 4
0.52 5.5

11.5
271
2.65
2,70

it’ 2.27 1.93 2.0 11.008
IT 161 2.58 0.3 1005
K’ 0.12 131 20 0.008
K 009 3.84 H 0.005

3.23
1,3
3.23
3.33

0.12 I 21
015 105
0.52 4.4
0.52 5.7

2.65
2.70
270
2.75

ii’ 2.25 1.89 III 0.116
U 1.59 2.53 02 0002
K’ 0.1 1.15 1.8 0.006
K 0.10 3.90 02 0.002

3,57
3,70
1,57
3.70

0.15 I 1.2
0. I? 100
0.54 41,
0.55 ‘.0

265
2.70
275
2.81

it’ 195 1.82 1.5 0.005
it 1.52 2.44 0.1 0.001
K’ 0 14 1.40 1.5 0.005
K 0. It 3.91, 0. I 0.001

400
4.17
4.00
4, $7

0.37 111
0.40 tOt
0.55 4.9
156 6.5

2.65
470
2.115
2,90

4.11. Values of the paramelers in Eq. 3.31.

t C, G2 C, C4

<0 1.7 0.33
0 1.7 0.22

7
5

0,000!
0.115

5.7
5.7

<I I 7 0.31
:0 1.7 0.2

II
5

00001
0.115

5,7
5.7

<0 5.4 0.14-0.14/l0JS
#0 5,4 0.14-0.141 ioJs

ii
5.5

0.0001
0,0001

5.7
5.7

better description of the A dependence of the spectra can be obtained
ing Eqs. 3.28-3.31 for the hydrogen target in combination with the
lbased predictions 3.16-{3.18 and Fig. 3.13.

lisa inc!usive distributions of secondary it mesons are described approxi
ly by an equation obtained in Ref. 80:

d/N PiL[C1exp....C24+C3CexpC4p,.
dxdpj 2x’

3.31

Figure 3.22. Invariant cross section for Ihe reaction pAI-ii ‘ X at
100 6eV and p = 0.3 CeV/c.Histograms, result of

simulation using Eq. i.29; points, experimental data taken from
Ref. 84 the calculated and experimental data for it - mesons were

reduced by a actor of 21.

The distribution of slow cascade nucleons produced in hA interaction

high energies in the laboratory frame can be described by equations obtait

in Ref. 76:

_____

- [ n11 exp - Rica11

FdEdfl - cx11l - exp - E,11a1,J

n2, exp - E/a2, 1 E,0;+ a2,f1 _exp-Eo/a231

g E,O - INO
exp - 62/A0, 0< 42;

- N0exp - u2/40, 0>42,
3

where the parameters have the following values atE0>5 0eV: n i,,, = 0.21

n. = 0.0245JX, n10 = 0.27fI, n2 = 0.032.JX, alp = 0.0270. a2,, = 0.

a1,, = 0.02W, a20 = 0.1W, C= 1- O.OOIA ,A0 = 012 + 0.00036A/E, an

is a normalization factor such that 2u J g E,0sin OdO = 1.
a

Figures 3.22-3.24 show some results of the inclusive distributions of

tons and it ± mesons in pA and irA collisions at energies E0 = 100-3000

simulated by the Monte Carlo method see Chap. 6. The Monte Car!o sin

tion was based on Eqs. 3.28-3.32.

The region E3 <5 GeV
If the primary kinetic energy of the hadrons lies in the interval 0.1 ci

0eV, we can use the equations from Ret. 83, which are particularly usef

analytic solutions of the termediate-energy nucleon transport equl

The differential spectra of secondary nucleons in the laboratory frame e

represented as a sum of the quasifree and cascade components:

‘° k.1 0.4 0.5 0.6 L7

1ns,ameters C, are given in Table 3.8. &N1/dEdfl = &N7/dEdI1 + d2N/dEdfl.



Figure 3.23. Result of Simulation of Ihe inclusive hadrondistributions in the reaction pp-.cX at E 3000 Ccvthe transverse momentum is in the range 0cp, cO.2CeV/c A,p;tn’;o, it

Figure 3.24. The p, -integrated inclusive distribution ofprotons A, a mesons ft. and it mesons 0 in thereaction ir’p-.c% at E 3000 Ccv.

dEdfl
E01Ep,j=

A! -t E ‘s-’

3.34

___±LEoEi.......E4 E J1+3i#J;

is 1 is the cosine of the scattering angle in the laboratory frame. Here
‘I, T, go, and i are the parameters found by approximating the results of.tion of the nucleon-nucleus interactions on the basis of the intranu‘ascade modeiY Table 3.9 gives the values of the parameters a,,,, and 4tam nuclei. For other reactions are determined as follows:

0

I,,., I,.

0,05 066 0.01 0.6 0Th 053 10! 0.40 041
411 0.70 002 069 0.42 0,56 002 042 011
0 2 0.78 0 20 0.79 0.02 0 64 0 0’ I 46 III!
0 3 080 0.20 nfl o ‘0 0.56 020 044 105
04 066 0.40 0.59 0.40 052 020 031 0414
0.5 0.47 1.00 0.4! IOU 034 080 023 0011
0.6 033 14,0 0.30 160 0,24 1.40 0.16 4 441

n,,0 = [A - 2124 -

= IZIZA -

= [A + Z/2A -

where A and 2 are the atomic mass and atomic number, respectively.
The parameters of the second equation in 3.34 are virtually indep

dent of Z for 135Z582 and incident-nucleon energies in the inter’
0.1 5E05 1 GeV. These parameters are a = 0.3 MeW, cv = 0.01, r.O.2, a

0.5.
The inclusive hadron spectra in various reactions in the primary-hadi

kinetic energy range 0.02 SE0 S 5 0eV can be described in greater detail
using the equation8’

ç’1A.Eo.E,0=Fq+Ft+Fc. A>1, 3

where the terms on the right side describe the angular and energy distri
Lions of hadrons produced as a result ot’quasielastic scattering of the lead
and cascade hadrons, respectively.

F
= l7IjNqEQt A

0 expl - E - EqEO* o21
q 2ii5E0, 0

" [ 5EO, 0 .1
N6E01A dNL

F6 - fE,O E411E,
2w dE

dN
F =!iLf7E,0_LE01E,A. C

2w dE

Here we present the parameters and functions contained in these ex
sions, making use, as in Ref 81, of the kinetic energies E0 and E MeY
angles 0 rad in the laboratory frame.

3i

Table 3.9. Values of the parameters in Eq. 3.341.

C

0,GL!V ,J.,

I 0.2 0 0.2 0.4 0.6 0.8’,

Al

0.6 -0.2 0.2 0.6 t



i’:. 3.37:
cleons and the leading particles, respectively; e,

,,‘,
is the maximum atlowa

108, if i =ji,j p,n; I ble kinetic energy of the particles of type j; = E, - EE,J, A 1N tE,,,
= I0.2, ifij; A- 1jEJA - m NE0,A - E E0,A;E’, E,,, and E are theaverageener’

.",,tE,,,Ar i.17 - 0.Sexp -g1E0HflI - wcpj -E0/350’5J}
gies of excitation of the nucleus, of the detachment of a nucleon from tlii
nucleus, and of the disintegration of thnucleus, respectively;

x expi -0.08JAJ;
I 71E,,,A= 30.OOIE,1°°611-exp - k2E0I; k2= 5x10’41 + A"’;

[JO = aqWuexp[ - 0.5aEo92I;
= Ii ± 2Y + 1/3E052/E0+ 1.751’-’;

E,E,,,0= E, cos2 0/11 + E. sin2 O/2rnN] -0.25; 62 = 250A ‘9l + 2.5E0l000 + E0’ exp -0.02 Aj;
g,E43= 4x 10’°E1, +33.9E

I NNE, A = 1 + JA exp{ - tAexpl - AAu H;6qEo,0 = 251 +0.008E00; I = lnE,,/3.68; A= 0.08Th2’3 + 4.15; AA= 0.721 + In A
= 4[O.5 + 0.0IE/2ooo + E1 + Efl/2mN,

NEQ, A = NRM exp0.075JAig E,1, A;
". is the rest mass of the nucleon MeV. I = 0.5335E ‘ + 2mNEU° t25

‘rEq. 3.38: gEA= exp[ - 0.25x10°E2 -0.7A - 11/4/1 + 10E,1 j;
1+u2a11 + 5.2k4u32 + ur

1 + exp - u-a
if the charge state of the secondary U3 = Eli3 m = 200E0W0 + 560- ‘

= hadron ditl’ers from the charge state of the 1.21E.32000 + E0Y ‘1 + In A 0,5, J = n,p;
primary hadron by unity; = o.&E0 - 1000XE0 + J000Y’ f v;

= 0.0itE’Th1 + 0.25 In A.
0 in the other cases;

. The fraction tg, at the cascade particles for the particular case of tII

11L E0, A = 28.1 expl - g,E0 A + 69-’; primary neutrons in Eq. 3.39] is determined from the relations
ILE.0i=g2u,b4exp[_uo4J;

N4/N,, = 11 +exp-E0/2000jA + 1 -ZZ’;dN,
3-_a,,NE0,AdE

E,1, E = 1 - E/E0/E0, i =j; 2/3E0, ii; -

= 4 Ne,,, +
b4g2u,k4= 1 + u2I 1 + 5.2k42 + u2Y’ I/Il + exp - uirl;

ii = Eir r2 = 200E0/E0t 2600; N,,.
= 4 +

2a -1 N,E0,A

b0 NA,k4 = 1.21Eo12000 + Eo,ffijJ41
rEq. 3.39: Nif

=

1 2 + a0NE0,A

- Ng ; b11 = 61 to,,;

- 12000 Jf VkE0xi}r’ - 1+ k4u3021; a4 = ZC4 - Zr’Il -0.5 exp - 109Eg.
dN

---

E41, E. A
= aE,,A - E E,1 Thedistribution ofevaporative particles produced asa result of the dec

E + 2 C, t, .n" of the excited states of the nuclei is isotropic in the angles. Taking into
count the Coulomb potential barrier as a functional the temperature ‘J’ ofta, E, A =

_______________________________________

- ted nucleus, the energy spectra of nucleons can be approximatelyexci
- t is the kinetic energy carried off by the cascade particles; q

scribed by
‘to the kinetic energies carried off by the quasielastic-scattering nu- dN IdE = IVWIT2 exp - El?’, 3..



112 Passage of high-energy particles through matter

where N is the yield of the evaporative particles of type j,
f=n;

- IE- V011+O.15T, J=p,
T = 0.41’s, T0 = br/A"2, V0 = i.fl5A"2, andE’ is the excitation energy
of the residual nucleus see Sec. 6.3.

Thetotal and differential cross sections nib of the high-energy elastic
and quasi-elastic scattering can be described adequatel6 by the equations
forA>9 andE5 0eV:

3 1

= 12.5A’ exp - 14.M°ItI

+ 17.M° exp - bitt, A <62; 3.42

= 5Q4L35 P - 60A°-331t1

+ 20A°’° exp - bOjt, A>62. 3.43

Here t = - 2p2 1- cos OL- - p20 andp is the particlemomentum Ge V/c.
In conclusion, since the phase space &p/E is invariant, we can write out

the relationship between the invariant cross sections of inclusive processes
for different choices of the independent variables:

cia _E_dab dc
&p 2rdxdpf p2dpdfl pdEdfl



Appendix B

YIELD Programs..Listingsand Outputs
YTHETA2.for and CSECT.for



proqram csectx
dimension csect25,zee25,at25
data csect/ 33., 61., 102., 157., 199.,

x 231., 265., 292., 347., 421., 440., 566
x 703., 782., 858., 1210., 1290., 1650.,
x 3*9999/

data zee/1.,1.,2.,3.,4.,
x 26. ,29., 32.,50., 54.,74.,

data at/1.01, 2.01,4.00,6
x 26.98,28.09,39.95,47.88,
x 183.85,195.08,207.19,238

c.. . .check a**2/3 vs csect
do 10 i=1,22
xxx=0 .69
bb=-.4

c NORMALIZE at Be Z=4, A9
aa=at j -4b / at5
r=’csecti/csectS
write16,9 i,xxx,bb,zeei,ati,aa,

9 formatlx,hi,x,bb,z,A,A**x,cs,ratio=’
10 continue

call exit

., 637.,
1708., 1770., 1980.,

6. , 7. ,8. ,10. ,13 . ,14 . , 18. , 22.
78.,82.,92., 3*99/
.94,9.01, 12.01,14.01,16.00,20.18,

55.85,63.55,72.59, 118. 69, 131.29,
.03, 3*99999,/

std target material..

/aa

end

csecti ,r
,i3, 3f6 . 2, 2f7. 2, f 9. 2, f7 . 2



i,x,bb,z,A,A*tx,cs,ratjo= 1 0.69 -0.40 1.00 1.01 0.16 33.00 1.03
i,x,bb,z,A,A**x,cs,ratio=

1,x,bb,z,A,A**x,cs,ratio=
1,x,bb,z,A,A**x,cs,ratio=
1,x,bb,z,A,A**x,cs,ratio=
1,x,bb,z,A,A**x,cs,ratio=
1,x,bb,z,A,A**x,cs,ratlo=

2
3
4
5
6
7
8

0.69 -0.40 1.00
0.69 -0.40 2.00
0.69 -0.40 3.00
0.69 -0.40 4.00
0.69 -0.40 6.00
0.69 -0.40 7.00
0.69 -0.40 8.00

2.01
4.00
6.94
9.01

12.01
14.01
16.00

0.31
0.5
0.83
1.00
1.23
1.37
1.51

61.00
102.00
15,.00
£99.00
231.00
265.00
292.00

0.97
0.94
0.93
1.00
0.94
0.97
0.97

..

L,x,bb,z,A,A**x,cs,ratlo=
i,x,bb,z,A,A**x,cs,ratio=

9
10

0.69 -0.40 10.00
0.69 -0.40 13.00

20.18
26.98

1.78
2.18

347.00
421.00

0.98
0.97

i,x,bb,z,A,A**x,cs,ratio= 11 0.69 -0.40 14.00 28.09 2.24 440.00 0.99
i,x,bb,z,A,A**x,cs,ratio=
L,x,bb,z,A,A**x,cs,ratlo=

12
13

0.69 -0.40 18.00
0.69 -0.40 22.00

39.95
47.88

2.86
3.25

566.00
637.00

0.99
0.99

1,x,bb,z,A,A**x,cs,ratlo= 14 0.69 -0.40 26.00 55.85 3.62 703.00 0.98
i,x,bb,z,A,A**x,cs,ratio= 15 0.69 -0.40 29.00 63.55 3.95 782.00 0.99
i,x,bb,z,A,A**x,cs,ratio= 16 0.69 -0.40 32.00 72.59 4.34 858.00 0.99
1,x,bb,z,A,A**x,cs,ratlo= 17 0.69 -0.40 50.00 118.69 6.10 1210.00 1.00
1,x,bb,z,A,A**x,cs,ratao
i,x,bb,z,A,A**x,cs,ratio=

18
19

0.69 -0.40 54.00
0.69 -0.40 74.00

131.29
183.85

6.54
8.25

1290.00
1650.00

0.99
1.00

i,x,bb,z,A,A**x,cs,ratio= 20 0.69 -0.40 78.00 195.08 8.60 1708.00 1.00
i,x,bb,z,A,A**x,cs,ratio= 21 0.69 -0.40 82.00 207.19 8.97 1770.00 0.99
i,x,bb,z,A,A**x,cs,ratio= 22 0.69 -0.40 92.00 238.03 9.87 1980.00 1.01

// . . . - --.-.- --

- /4_o.o
LL /

2
1q .-

Pi



program ytheta
CCCC 6-19-90... .ADD IN DECAY probability according to nominal mean energy
c dimensions in ‘inches . . program converts to meters

data fmperin/0.0254/
c parameters for particle yields. . . 1=pi-f, 2=pi- from New iussian Xlation
c ‘Passage of H.E. Particles thru Matter, AN Kalinovski,etal,AIP,eqn3.26

dimension cl9,c29,c39,c49,c59,c69,fm9,omeg9,
x fmusq9,bzero9,gam9

dimension dsdp100,9,xpr100,bplOO,fnuxn100,9,gnumlOO,9
dimension decaylOO,9,time9

c proper decay times.. .as cee*tau IN meters from PDG 1988
data time/2*7.803, 3.709, 6*9.99e+5/

c units are GeV for fm,omeg,gam and GeV**-l for bzero...
data cl/0.25, 0.20, 0.078, 0.080, 5*0./
data c2/3.1, 4.0, 6.1, 8.6, 5*0./
data c3/0.88, 1.18, 2.46, 2.30, 5*0./
data c4/3.0, 3.0, 3.5, 4.2, 5*0./
data cS/2., 2., 2., 2., 5*07
data c6/11.3, 9.8, 8.8, 10.5, 5*0./
data fm/2*0.l396, 0.4937, 0.9382, 5*07
data omeg/l.8778, 2.016, 2.370, 2.815, 5*07
data fmusq/0.88, 0.86, 1.2, 1.1, 5*0./
data bzero/0.lO, 0.11, 0.12, 0.12, 5*0./
data gam/4.0, 3.5, 4.0, 5.0, 5*0./

c
c formulae 3.26.. .given as function of "p-perp and x-prime". . .to be input
c where x_prime=E*/E*max...ie -1. thru 0. tO -i-i.

write3,9
9 format/lx,’**..YTHETA.F0R..DP/P=0.2,DOMEGA= 3 microSR,0.33 tgt’

write6,l0
10 formatlx,

x ‘INPUT thetà,delth,del-xpr,Ezero,atnum,lengft. 6F8. 3’
read5, 11theta,delth,dxpr,Ezero,atnum, fleng

11 format6f8.3
srtofS=sqrt2.0*0.9382*Ezero
write6,12theta,delth,dxpr,Ezero,srtofS,atnum, fleng
write3 , 12theta,delth,dxpr,Ezero, srtofs, atnum,fleng

12 forxnatlx, ‘ECHO thetamr ,delth,delxpr,Ezero, srtofs,A=’/
x lox,6f8.3/lOx,’Beam lengthftj=’,fB.l

c CONVERT fleng to METERs now...
fleng=fmperin*12 . 0’f1eng

C LOOP Lver thetas here...
do 100 LMN=1,5
write3,lllltheta*0.001

1111 format/20x,’thetarad=’f7.4,2x,’*************************’
c ioop over pi+,pi- ie 1,2 . .. .and 3=1K-, 4=p-

do 101 i=1,4
c do xpr values from dxpr UP, but MAX of 100, and NOT xprl. either

nn=1./dxpr
nn=nn-1
ifnn.gt.100 nn=100
xpr1=dxpr
do 102 j=1,nn

c calculate **pperp** from thetamr and xprJ...
pperp=xprJ*theta*Ezero*0. 001
bpJ=pperp

c done..
bperp=bzeroi*pperp
ifpperp.gt.gami bperp=bzeroi*gami
psq=pperp** 2
xperp=2 . *pperp/srtofs
phi=exp_c4i*psq+cSi*exp_c6i*xperp/psq+fmusqi**2**4
xxx=cli*atnum**bperp*l._xprJ**c2i*exp_c3i*xprJ*phi

c AND SCALE BY Be absorption crossection 199 rub
ccsect=atnum-0.40/9.01-0.40*t0.69
ccsect=ccsect*199.



xxx=ccsect*xxx
dsdpj , i=xxx

ccc assuming 9 sqin of aperture at 150 feet. .dso1id.anglc-=3 x 10**_6
ccc 3 micro-sterradians..0.33 Labsorpt Be target..x*exp-x=.24. ..ie 24%
ccc incident protons interact. . . then yield per interact-proton is
ccc plab**2 * dp/p *ster-rad * inv.sigma=dsdp.., where dp/p=0.2+-10%
ccc and plab=xpr*pzero=Ezero-200 Gel!,.. ‘MEB’.., and sigmaabs.Be=199 rub.
ccc #/int-p = xpr**2 * 0.2 * 3xlO**-6 * Elab**2 * dsdp..,.. / 199mb

fnumj,i=1.2e_4*xxx*xprJ**2.-__..._..
c 24 % interact in 0.33 absorption length target m / ggnumj,i=fnumj,i*0.24 I, cau--’-7’-
c and decays r - IL& 1-fl-p1ongxprJ*Ezero C. n..tf&f&4/

eta=plong/flni ._.

decayJ,i=gnumj,i*exp_fleng/eta*timeifl
ifj.ne.nn xprj+1=xpr+dxpr

102 continue
101 continue

write3,222m,xprm,bpm,dsdpm,K,K=1,4,fnumm,K,K=1,4,
x gnumm,K ,K=l,4 , decaym,K ,K=1,4 ,m=1,nn

222 formatlx, ‘m,x,Pt,dsdp+,-,K-,p-=’ ,i2,f6.3,fS.2,f8.3,
x 3f10.3/
x lOx,’#/int-p+,-,..’,14x,4elO.3/lOx, ‘#/incident-p.. ‘,lSx,
x 4e10.3/
x lOx,’# at detector/inc.p’,lOx,4e10.3

theta=theta+delth
100 continue

call exit
end



..YTHETA.FOR. .DP/P=0.2,DOMEGA= 3 microsR,0.33 tgt
ECHO thetamr ,delth,delxpr,Ezero,srtofS,A=

2.500 1.000 0.050 200.000 19.372
Beam lengthft. 720.0

# at detector/inc.p
m,x,Pt,dsdp#,-,K-,p- 20.100

if/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 30.150

fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp-b,-,K-,p-= 4 0.200

fr/incident-p..
fr at detector/inc.p

m,x,Pt,dsdp#,-,K--,p-= 50.250

fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p--= 60.300

if/incident-p..
fr at detector/inc.p

m,x,Pt,dsdp+-,-,K-,p-= 70.350
fr/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp#,-,K-,p-= 80.400

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 90.450

if/incident-p..
fr at detector/inc.p

m,x, Pt,dsdp*,-,K-,p-=10 0.500
if/int-p+,-,..
if/incident-p..
fr at detector/inc.p

m,x, Pt,dsdp+,-,K-, p-=ll 0.550
if/int-p+,-,. .
if/incident-p.
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-=12 0.600

fr/incident-p..
if at detector/inc.p

m,x, Pt,dsdp4,-, K-, p-=l3 0.650

fr/incident-p..
if at detector/inc.p

m,x, Pt,dsdp+,-,K-, p-=14 0.700

if/incident-p.
fr at detector/inc.p

fr/incident-p.

260.391 230.198
0.781E-04 0.69lE-04
0. 187E-04 0. 166E-04
0.127E-04 0.112E-04

0.05 204.897 170.429
0.246E-03 0.205E-03
0.590E-04 0. 491E-04
0.485E-O4 0.403E-04

0.08 158.767 123.862
0.429E-03 0.334E-03
0.lO3E-03 0. 803E-04
0.903E-04 0.704E-04

0.10 121.016 88.242
0.581E-03 0.424E-03
0.139E-03 0.102E-03
0.126E-03 0. 922E-04

0.13 90.624 61.523
0.680E-03 0.46lE-03
0.163E-03 0.111E-O3
0.l5lE-03 0.102E-03

0.15 66.572 41.896
0.719E-03 0.452E-03
0.173E-O3 0.109E-O3
0.l62E-03 0.102E-03

0.18 47.884 27.797
0.704E-03 0.409E-03
0. 169E-03 0. 981E-O4
0.160E-03 0. 927E-O4

0.20 33.644 17.914
0.646E-03 O.344E-O3
0.lS5E-03 O.825E-04
0.l48E-O3 0.786E-O4

0.23 23.023 11.170

thetarad= 0.0025
n,x,Pt,dsdp4,-,K-,p 10.0500.03

if/int-p+,-,..
if/incident-p..

9.000

14.657 17.479
0. 440E-05
0. 106E-05
0. 569E-07
9.258
0. 111E-04
0. 267E-05
0. 619E-06
5.716
0. 154E-04
0. 370E-05
0. 140E-05
3.441
0. 165E-04
0. 396E-05
0. 191E-05
2.015
0. 1S1E-04
0. 363E-05
0. 202E-05
1.143
0. 123E-04
0. 296E-05
0. 182E-05
0.626
0.921E-05
0. 221E-05
0. 146E-05
0.330
0. 633E-05
0. 152E-O5
0. lOSE-OS
0.166
0. 403E-05
0. 966E-06
0. 698E-O6
0.079
0. 236E-05
0. 567E-06
0. 424E-06
0.035
0. 127E-05
0. 306E-06
0. 235E-06
0.014
0. 624E-06
0. 150E-06
0. 117E-06
0.005
0. 273E-06
0. 655E-07
0. 523E-07
0.002
0. 103E-06
0. 248E-07
0. 202E-07
0.000
0. 326E-07
0. 782E-08

0. 524E-05
0. 126E-05
0.l26E-05
9.657
0. 116E-04
0. 278E-05
0. 278E-05
5.172
0. 140E-04
0.335E-05
0. 335E-05
2.676
0. l28E-04
0. 308E-05
0. 308E-05
1.333
0. 100E-04
0. 240E-05
0. 240E-05
0.636
0. 687E-05
0. 165E-05
0. 165E-05
0.289
0. 425E-05
0. 102E-05
0.102E-05
0.124
0. 239E-05
0. 573E-06
0. 573E-06
0.050
O.122E-05
0. 292E-06
0. 292E-06
0.019
0. 562E-06
0. 135E-06
0. 135E-06
0.006
0. 232E-06
0. 557E-07
0. 557E-07
0.002
0. 843E-07
0. 202E-07
0. 202E-07
0.001
0. 263E-07
0. 630E-08
0. 630E-08
0.000
0. 674E-08
0. l62E-08
0. 162E-08
0.000
0. 134E-08
0. 321E-09

0.25

0.28

0.30

0.33

0.35

0. 559E-03
0. 134E-03
0. 129E-03

15.284
0. 459E-03
0. llOE-03
0. 106E-03
9.793
0. 355E-03
0. 853E-04
0. 823E-04
6.013
0. 260E-03
0. 623E-04
0. 603E-04
3. 502
0. 178E-03
0. 426E-O4
0.413E-04
1.907
0. 112E-03
0. 269E-04
0. 262E-04
0.948
0. 640E-04
0. 154E-04

0. 271E-03
0. 651E-04
0. 624E-O4
6.705
0. 201E-03
0. 483E-04
0. 464E_04
3.848
0. l4OE-03
0. 335E-04
0. 323E-04
2.092
0. 904E-04
0. 217E-04
0. 210E-04
1. 064
0. 539E-04
0. 129E-04
0. 12 6E-04
0.496
0. 292E-04
0. 700E-05
0. 68lE-05
0.206
0.13 9E-04
0. 334E-05

m,x,Pt,dsdp-&,-,K-,p-15 0.750 0.38



# at detector/inc.p O.150E-04 O.325E-05 O.643E-OB 0.321E-09

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 2 0.100

fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 30.150
if/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 4 0.200
if/int-p+,-, ..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 50.250

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 60.300
fr/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 7 0.350

fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 80.400

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 90.450

if/incident-p.
if at detector/inc.p

m,x,Pt,dsdp÷,-,K-,p-11 0.550
fr/int-p+,-,..
if/incident-p.
if at detector/inc.p

m,x, Pt,dsdp-f-,-,K-,p-=l2 0.600

fr/incident-p.

0.624E-03 0.393E-03
0. 1SOE-03 0. 944E-04
0.14OE-03 0.884E-04

39.907 23.189
0.587E-03 0.341E-03
0.141E-03 0.818E-04
O.133E-03 0.773E-04

26.844 14.294

m,x,Pt,dsdp+,-,K-,p-=16 0.800 0.40 0.414
0.318E-04

0.072
0.556E-05

0.000
0.789E-08

0.000
O.185E09

if/incident-p.. 0.763E-05 0.134E-05 0.l89E-08 0.443E10
* at detector/inc.p 0.744E-05 0.130E-05 0.158E-08 0.443E10

m,x,Pt,dsdp+,-,K-,p-=17 0.850 0.43 0.148 0.020 0.000 0.000
if/int-p+,-, . . 0.128E-04 0.170E-05 0.128E-08 0.144E-1O
fr/incident-p. . , 0.307E-05 O.408E-06 0.306E-09 0.347E-ll
if at detector/inc.p O.300E-05 0.399E-06 0.258E-09 O.347E-1J.

., m,x,Pt,dsdp+,-,K-,p-=18 0.900 0.45 0.036 0.003 0.000 0.000
fr/int-p+,-,.. O.354E-05 0.321E-06 0.994E-10 O.4O6E-12
fr/incident-p.. 0.849E-06 0.771E-07 0.239E-10 0.974E-13
if at detector/inc.p O.831E-06 0.754E-07 0.2O3E-10 0.974E-13

m,x,Pt,dsdp+,-,K-,p-=19 0.950 0.48 0.004 0.000 0.000 0.000
fr/int-p+,-,.. 0.398E-06 0.190E-07 0.133E11 0.951E15
fr/incident-p.. 0.954E-07 O.457E-08 0.318E-12 0.228El5
if at detector/inc.p 0.935E-O7 0.447E-O8 0.273E-12 O.228E-15

thetarad= 0.0035
m,x,Pt,dsdp+,-,1K-,p-= 10.0500.04 257.665

* ** * * * * *** **** *** **

14.625 17.395228.046
O.773E-04 0.684E-O4
0.186E-04 0.164E-O4
0.125E-04 0.111E-04

0.07 199.510 166.266
0.239E-O3 0.200E-03
0.S7SE-04 0.479E-04
0.472E-04 O.393E-04

0.11 151.301 118.314
0.409E-03 0.319E-03
O.980E-04 0.767E-04
O.86OE-04 0.673E-04

0.14 112.291 82.080
O.539E-O3 O.394E-03
O.].29E-03 O.946E-04
0.117E-03 0.857E-04

0.18 81.483 55.441
0.611E-03 0.4l6E-O3
0.147E-03 0.998E-O4
0.136E-03 0.923E-04

0.21 57.745 36.403

0. 439E-05
0. 105E-05
0. 567E-07
9.183
0. 11OE-04
0. 264E-05
0. 614E-06
5.614 -
0. 152E-04
0. 364E-O5
0. 137E-05
3.334
0. 160E-04
0. 384E-05
O.185E-05
1.918
0. 144E-04
0. 345E-05
0. 192E-05
1.066
0. 115E-04
0. 276E-05
0. 170E-05
0.569
0. 837E-05
0. 201E-05
0. l32E-05
0.291
0. 559E-05
0. l34E-05
0. 931E-O6
0.142
0. 344E-05
0. 825E-06
0. 597E-06
0.065
0. l9SE-05
0. 467E-06
0. 349E-06
0.028
0. 1O1E-05
0. 242E-06
0. 186E-06
0.011
0. 473E-06
0. 113E-06

0. 522E-05
0. 125E-05
0. l25E-05
9.524
0. 114E-04
0. 274E-05
0. 274E-05
5.032
0. l36E-04
0. 326E-OS
0. 326E-05
2.558
O . 123E-04
0. 29SE-05
0. 295E-05
1.246
0. 934E-05
0. 224E-05
0. 224E-05
0.579
0. 625E-05
0. 150E-05
0. 150E-05
0.255
0. 375E-05
0. 900E-06
0. 900E-06
0.106
0. 203E-05
0.488E-06
0. 488E-06
0.041
0. 998E-06
0. 239E-06
0. 239E-06
0.015
0.441E-06
0. 106E-06
0. 106E-06
0.005
0. 174E-06
0.416E-07
0.4l6E-07
0.001
0. 599E-07
0. 144E-07

if/int-p+,-,..
fr/incident-p.
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p--=10 0.500

0.25

0.28

0.32

0.35

0.39

0.42

0.515E-03
0. 124E-03
0. 118E-03

17.331
0.426E-03
0. 102E-03
0. 979E-04

11.077
0. 332E-03
0. 798E-04
0. 767E-04
6.739
0. 245E-03
0. 387E-04
0. 567E-04
3.921
0. 169E-03
0. 407E-04

0. 274E-03
0.65 9E-04
0. 627E-04
8.497
0. 206E-03
0. 496E-04
0. 474E-04
4.848
0.145E-03
0. 349E-04
0. 336E-04
2.639
0. 958E-O4
0. 230E-04
0. 222E-04
1.358
0. 587E-04
0.14 IE-04



if at detector/inc.p 0.393E-04 0.136E-04 0.889E-07 0.144E07

thetarad= 0.0045
m,x,Pt,dsdp*,-,K-,p-= 10.0500.05

if/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 2 0.100
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp#,-,K-,p-= 3 0.150

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 40.200
fr/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 50.250

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p--= 60.300
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 70.350
if/int-p÷,-,..
if/incident-p..
M at detector/inc.p

m,x,Pt,dsdp-f,-,K-,p-= 80.400
if/int-p1-,-,..
if/incident-p.
if at detector/inc.p

m,x,Pt,dsdp±,-,K-,p-= 90.450
if/int-p+,-,..
fr/incident-p..

2.161
0. 11OE-03
0. 263E-04
0. 255E-04
1.111
0. 653E-04
0. 157E-04
0. 152E-04
0.521
0. 352E-04
0. 845E-05
0. 823E-O5
0.215
0. 165E-04
0. 395E-05
0. 386E-05
0.072
0. 624E-05
0. 1SOE-05
0. 146E-05
0.017
0. 162E-05
0. 390E-06
0. 381E-O6
0.002
0. 172E-06
0. 412E-07
0. 403E-07

0.652
0. 331E-04
0. 794E-05
0. 770E-05
0.287
0. 169E-04
0. 405E-05
O . 394E-O5
0.112
0. 759E-05
0. 182E-05
0. 177E-05
0.037
0.286E-05
0. 686E-06
0. 669E-06
0.009
0. 822E-06
0. 197E-06
0.193E-06
0.002
0. 146E-06
0. 350E-07
0. 343E-07
0.000
0.812E-08
0. 195E-08
0. 191E-08

0.539E-03 0.367E-03
0.129E-03 0.880E-04
0.119E-03 O.814E-04

48.744 30.730
O.526E-03 0.332E-03
0.126E-O3 0.797E-04
0.118E-03 0.746E-04

32.132 18.651
0.472E-03 0.274E-03
O.113E-03 0.658E-04
0. 107E-03 0. 622E-04

20.545 10.914

m,x,Pt,dsdp-1-,-,K-,p-=l3 0.650
if/int-p+,-,..
fr/incident-p..
if at detector/inc.p

£ m,x,Pt,dsdp+,-,K-,p-=14 0.700
if/int-p+,-,..
fr/incident-p..
if at detector/inc.p

m,x,Pt,dsdp#,-,K-,p-=l5 0.750
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,1K-,p-=16 0.800
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-=17 0.850

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-=18 0.900

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p--=19 0.950
tt/int-p+,-,..
if/incident-p..
if at detector/inc.p

0.46

0.49

0.53

0.56

0.60

0.63

0.67

0.004 0.000
0.197E-06 0.177E-07
0.473E-07 0.424E-08
0.378E-07 0.424E-08
0.001 0.000
0.710E-07 0.428E-08
0.170E-07 0.103E-08
0.138E-07 0.103E-08
0.000 0.000
0. 212E-07 0. 798E-09
0. 508E-08 0.191E-09
0.418E-08 0.191E-09
0.000 0.000
0.484E-08 0.103E-09
0.116E-08 O.247E-10
0. 969E-09 0. 247E-10
0.000 0.000
0.736E-09 0.753E-11
0.177E-O9 0.181E-11
0.149E-09 0.181E-11
0.000 0.000
O.538E-10 0.197E-12
0.l29E-10 0.473E-13
0.11OE-10 0.473E-13
0.000 0.000
0.671E-12 0.428E-15
0.161E-’12 0.103E-15
0.138E-12 0.lO3E-15

14.584 17.300254.728 225.689
0.764E-04 0.677E-04
0.183E-04 0.162E-04
0.124E-04 0.llOE-04

0.09 193.554 161.574
0.232E-03 0.194E-03
0.557E-O4 0.465E-04
0.458E-04 O.382E-04

0.14 143.042 112.061
0.386E-03 0.303E-03
0. 927E-04 0.726E-04
0.8l3E-04 0.637E-04

0.18 102.791 75.254
0.493E-03 0.361E-03
0.ll8E-03 0.867E-04
0.107E-03 0.786E-04

0.23 71.806 48.904

0. 438E-05
0. lOSE-OS
0. 566E-07
9.085
0. 109E-04
0. 262E-05
0. 607E-06
5.482
0. 148E-04
0. 355E-05
0. 134E-05
3.197
0. 153E-04
0. 368E-05
0. 177E-05
1.797
0. l35E-04
0. 323E-O5
0. 180E-05
0.970
0. 1OSE-04
0. 252E-05
0. 155E-05
0.501
0. 737E-05
0. 177E-05
0. 117E-05
0.247
0. 474E-05
0. 114E-05
0. 789E-06
0.115
0. 279E-05
0. 670E-06

0. 519E-05
0. 125E-05
0. 125E-0S
9.365
0. 112E-04
0. 270E-05
0. 270E-05
4.864
0. 131E-04
0. 315E-05
0. 3l5E-05
2.416
0. 116E-04
0. 278E-0S
0. 278E-05
1.143
0. 858E-05
0. 206E-05
0. 206E-05
0.313
0. 554E-05
0. 133E-05
0. 133E-05
0.217
0. 320E-05
0. 767E-06
0. 767E-06
0.086
0. 166E-05
0. 397E-06
0. 397E-06
0.032
0. 772E-06
0. 185E-06

0.27

0.32

0.36

0.41

0.394E-03 0.210E-03
0.947E-04 0.503E-04
0.901E-04 0.479E-04

12.718 6.142
0.309E-03
0.742E-04 0.358E-04



# at detector/inc.p O.710E-04 0.343E-04 0.494E-06 O.1BSE-06

thetarad= 0.0055
m,x,Pt,dsdp-b,-,K-,p-= 10.0500.06

if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 20.1000.11
if/int-p+,-,..
#/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 30.1500.17
if/int-p+,-, .
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-= 4 0.200 0.22
fr/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp÷,-,K-,p--= 50.2500.28
if/int-pt,-, ..

if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp-f-,-,K-,p-= 60.3000.33
if/int-p+,-,..

251.590 223.135 14.534 17.192
0.755E-04 0.669E-04 0.436E-OS 0.516E-05
0.181E-O4 0.161E-04 0.1OSE-05 0.l24E-OS
0.122E-04 0.108E-04 0.564E-07 0.124E-05

187.102 156.415 8.965 9.181
0.225E-03 0.188E-03 0.108E-04 0.llOE-04
0.539E-04 0.45OE-04 0.258E-05 0.264E-05
0.443E-04 0.370E-04 0.599E-06 0.264E-05

134.199 105.274 5.322 4.670
0.362E-03 0.284E-03 0.144E-04 0.l26E-04
0.870E-04 0.682E-04 0.345E-05 0.303E-05
0.763E-04 0.598E-04 0.130E-05 0.303E-05

92.901 68.065 3.034 2.256
0.446E-03 0.327E-03 0.146E-04 0.108E-04
0.107E-03 0.784E-04 0.350E-05 0.260E-05
O.970E-04 0.711E-O4 O.l68E-05 O.260E-05

62.129 42.305 1.657 1.031
0.466E-03 0.317c-03 0.124E-04 0.773E-05
0.112E-03 0.761E-04 0.298E-05 0.186E-05
0.103E-03 O.704E-04 0.166E-05 0.186E-05

40.172 25.291 0.864 0.444
0.434E-03 0.273E-03 0.933E-05 0.479E-05
0.104E-03 0.656E-04 0.224E-05 0.115E-05

m,x,Pt,dsdp-f-,-,K-,p-=10 0.500 0.45 7.600 3.310 0.050 0.011

if/incident-p..
if at detector/inc.p

0.228E-03
0.547E-04
0.526E-04

0.993E-04
0.238E-04
0.229E-04

0.l5lE-05
0.362E-06
0.270E-06

0.323E-06
0.774E-07
0.774E-07

m,x,Pt,dsdp+,-,K-,p-=11 0.550 0.50 4.365 1.699 0.020 0.003
if/int-p+,-, . . 0.158E-03 0.6l7E-04 0.740E-06 0.120E06
if/incident-p.. - 0.380E-O4 0.l48E-04 0.178E-06 0.287E-07
if at detector/inc.p 0.367E-04 0.l43E-04 0.l36E-06 0.287E-07

.- m,x,Pt,dsdp+,-,K-,p-=l2 0.600 0.54 2.394 0.824 0.008 0.001
if/int-p+,-,.. 0.lO3E-03 0.356E-04 0.328E-06 0.387E-07
if/incident-p.. 0.248E-04 0.854E-05 0.786E-07 0.928E-08
if at detector/inc.p 0.240E-04 0.826E-0S 0.617E-07 0.928E-08

m,x,Pt,dsdp+,-,K-,p-=].3 0.650 0.59 1.242 0.372 0.003 0.000
if/irit-p+,-, . . 0.630E-04 0.189E-04 0.128E06 0.106E07
if/incident-p.. 0.1S1E-04 0.453E-05 0.308E-07 0.255E-08
if at detector/inc.p 0.147E-04 0.439E-05 0.246E-07 0.255E-08

m,x,Pt,dsdp÷,-,K-,p-=14 0.700 0.63 0.600
0.353E-04

0.154
0.906E-05

0.001
0.433E-07

0.000
0.239E-08

if/incident-p.. 0.847E-05 0.2l7E-05 0.104E-07 0.574E-09
if at detector/inc.p 0.824E-OS 0.211E-OS 0.844E-08 0.574E-09

m,x,Pt,dsdp+,-,K-,p-=15 0.750 0.68 0.264 0.057 0.000 0.000
#/int-p+,-, . . O.179E-04 O.382E-05 0.121E-07 0.414E-09
if/incident-p.. 0.428E-05 0.917E-06 O.289E-08 0.993E-10
if at detector/inc.p 0.417E-05 0.893E-06 0.238E-08 0.993E-10

m,x,Pt,dsdp÷,-,K-,p-16 0.800 0.72 0.102 0.018 0.000 0.000
if/int-p+,-,.. 0.784E-05 0.135E-05 0.256E-08 0.494E-10
if/incident-p.. 0.188E-05 0.324E-06 0.615E-r09 0.1l9E10
if at detector/inc.p 0.l84E-OS 0.316E-06 0.512E-09 0.119E-10

m,x,Pt,dsdp-l-,-,K-,p-=17 0.850 0.77 0.032 0.004 0.000 0.000
#/int-p+,-,.. 0.278E-0S 0.364E-06 0.361E-09 0.333E-11
if/incident-p.. O.667E-O6 0.873E-07 0.866E-10 0.798E-12
if at detector/inc.p 0.652E-06 0.853E-07 0.729E-lO 0.798E-12

m,x,Pt,dsdp+,-,I-,p--=18 0.900 0.81 0.007 0.001 0.000 0.000
if/int-p+,-, . . 0.676E-06 0.6OSE-07 0.243E10 0.802E13
if/incident-p.. 0.162E-06 0.145E-07 0.584E-11 0.192E-13
if at detector/inc.p 0.159E-06 0.142E-07 0.497E-11 0.192E13

m,x,Pt,dsdp+,-,K-,p-=19 0.950 0.86 0.001 0.000 0.000 0.000
if/int-p+,-, . . 0.666E-07 0.315E-08 0.280E-l2 0.l6lE-1S
if/incident-p.. 0.160E-07 0.755E-09 0.671E-13 0.385E16
if at detector/inc.p 0.lS6E-07 0.740E-09 0.576E-13 0.385E-16

fr/incident-p.



fr/int-p+,-, ..
fr/incident-p.

fr/int-p+,-,..
if/incident-p..

if/int-p-*,-, ..
if/incident-p..

if/int-p+,-,..
fr/incident-p..

if/int-p+,-,..
fr/incident-p..

if/int-p+,-,..
fr/incident-p..

fr/int-p+,-,..
if/incident-p..
if at detector/inc.p

if/int-p÷,-,..
if/incident-p..

if/int-p+,-,..
if/incident-p..
if at detector/inc.p

0.975E-04
25.125 14.545
0.369E-03 0.214E-03
0.886E-04 0.513E-04
0.838E-04 0.485E-04

15.197 8.042
0.292E-03 0.154E-03
0.700E-04 0.371E-04
0.667E-04 0.353E-04
8.879 4.266
0.216E-03 0.lO4E-03
0. 518E-04 0. 249E-04
0.496E-04 0.238E-04
4.999 2.165
0.150E-03 0.649E-04
0.360E-04 0.156E-04
0.346E-04 0.lSOE-04
2.700 1.045
0.980E-04 0.379E-04
0.235E-04 0.910E-0S
0.227E-04 0.878E-05
1.391 0.476
0.601E-04 0. 205E-04
0.l44E-04 0.493E-05
0.140E-04 0.477E-05
0.676 0.202
0.343E-04 0.102E-04
0.823E-05 0.24SE-05
0.798E-OS 0.238E-05
0.306 0.078
0.180E-04 0.459E-05
0.432E-05 0.llOE-05
0.420E-05 0.lO7E-05
0.126 0.027
0.849E-05 0.l8lE-05
0.204E-05 0.435E-06
0.198E-05 0.424E-06
0.045 0.008
0.347E-05 0.598E-06
0.833E-06 0.143E-06
0. 813E-06 0. 140E-06
0.013 0.002
0.114E-05 0.150E-06
0.275E-06 0.360E-07
0.268E-06 0.352E-07
0.003 0.000
0.258E-06 0.232E-07
0.619E-07 0.558E-08
0.606E-07 0.546E-08
0.000 0.000
0.235E-07 0.ll2E-08
0.564E-08 0.270E-09
0.553E-08 0.264E-09

0. uSE-OS
0.179
0. 263E-05
0. 63lE-06
0. 631E-06
0.067
0. 129E-05
0. 310E-06
0.310E-06
0.023
0. 566E-06
0. l36E-06
0.136E-06
0.007
0. 221E-06
0. S31E-07
0. 53lE-07
0.002
0.763E-07
0. 183E-07
0.lB3E-07
0.001
0. 229E-07
0. 549E-08
0. 549E-08
0.000
0. 581E-08
0. 139E-08
0. 139E-08
0.000
0. 120E-08
0. 289E-09
0. 289E-09
0.000
0. 192E-09
0.460E-10
0. 460E-l0
0.000
0. 2llE-10
0. 506E-ll
0. 506E-11
0.000
0. 131E-11
0. 315E-12
0. 315E-12
0.000
0. 293E-13
0. 703E-14
0. 703E-14
0.000
0. 547E-16
0. 131E-16
0. 131E-16

thetarad= 0.0065
m,x,Pt,dsdp+,-,K-,p-= 10.0500.07

fr/int-p÷,-,..
if/incident-p.
fr at detector/inc.p

m,x,Pt,dsdp-÷,-,K-,p-= 20.100
if/int-p+,-,..
fr/incident-p..

0.216E-03 0.181E-03 0.106E-04 0.108E-04
0.519E-04 0.434E-04 0.254E-05 0.258E-05
0.427E-04 0.357E-04 0.590E-06 0.258E-05

98.126 5.138 4.455
0.337E-03 0.265E-03 0.139E-04 0.120E-04
0.810E-04 0.636E-04 0.333E-05 0.289E-05

fr at detector/inc.p
m,x,Pt,dsdp+,-,K-,p- 70.350

fr at detector/inc.p
m,x,Pt,dsdp+,-,K-,p- 80.400

if/int-p÷,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p- 90.450
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp+,-,K-,p-=1O 0.500

if at detector/inc.p
rri,x,Pt,dsdp+,-,K-,p-=ll 0.550

if/int-p+,-,..
if/incident-p..
if at detector/inc.p

rn,x,Pt,dsdp+,-,K-,p-=l2 0.600

if at detector/inc.p
m,x,Pt,dsdp+,-,K-,p-=l3 0.650

0.39

0.44

0.50

0.55

0.61

0.66

0.72

0.77

0.83

0.88

0.94

rn,x,Pt,dsdp,-,K-,p-=18 0.900 0.99

1.05

if at detector/inc.p
m,x, Pt,dsdp+,-,K-,p-=14 0.700

if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x, Pt,dsdp+,-,K-,p-=l5 0.750

0. 138E-05
0.428
0. 629E-05
0. iSlE-OS
0. 995E-06
0.201
0. 386E-05
0. 926E-06
0. 643E-06
0.089
0. 216E-05
0. Sl7E-06
0. 374E-06
0.037
0. liCE-OS
0. 263E-06
0. l97E-06
0.014
0. 505E-06
0. 121E-06
0. 930E-07
0.005
0. 209E-06
0. 501E-07
0. 393E-07
0.001
0. 759E-07
0. 182E-07
0. 146E-07
0.000
‘0. 237E-07
0. 569E-08
0. 462E-08
0.000
0. 608E-08
0. l46E-08
0. 120E-08
0.000
0. 119E-08
0. 285E-09
0. 238E-09
0.000 -
0. 154E-09
0. 369E-10
0. 3llE-10
0.000
0. 953E-11
0. 229E-1i
0. l94E-ll
0.000
0. 1O1E-12
0. 242E-13
0. 207E-13

if at detector/inc.p
m,x,Pt,dsdp+,-,K-,p-=16 0.800

if at detector/inc.p
m,x,Pt,dsdp+,-,K-,p-’l7 0.850

if at detector/inc.p
m,x,Pt,dsdp÷,-,K-,p-=l9 0.950

************** ***********

248.260 220.393 14.475
0.745E-04 0.661E-04 0.434E-05
0.179E-04 0.159E-04 0.104E-05
0.121E-04 0.107E-04

0.13 180.229 150.853 8.824

if at detector/inc.p
m,x,Pt,dsdp+,-,K-,p-= 30.1500.20124.979

if/incident-p.

17.073
0. 512E-05
0. 123E-05
0. 123E-05
8.975



fr at detector/inc.p 0.711E-04 O.558E-04 O.126E-05 O.289E05
m,x,Pt,dsdp+,-,K-,p- 40.200 0.26 82.974 60.793 2.851 2.082

if/int-p+,-. . . 0.398E-03 0.292E-03 0.137E-04 0.999E-OS
fr/incident-p.. 0.9S6E-04 0.700E-04 0.328E05 0.240E05
if at detectcr/inc.p 0.866E-04 0.63SE-04 0.158E-05 0.24OE-05

m,x,Pt,dsdp+,-,K-,p-= 5 0.250 0.33 52.879 35.965 1.504 0.913 -
. if/int-p+,-,.. 0.397E-03 0.270E-03 0.ll3E-04 0.685E-05
.. if/incident-p. . - 0.952E-04 0.647E-04 0.271E0S 0.164E05

if at detector/inc.p 0.880E-04 0.S98E-04 0.lSlE-05 0.164E-05
-- m,x,Pt,dsdp+,-,K-,p-= 6 0.300 0.39 32.429 20.367 0.752 0.374

fr/int-p+,-, .
. 0.350E-03 0.220E-03 0.812E05 0.404E05

if/incident-p.. 0.841E-04 0.528E-04 0.195E-0S 0.969E-06
if at detector/inc.p 0.787E-04 O,494E-04 0.l2OE-05 0.969E-06

m,x,Pt,dsdp-f,-,K-,p-= 70.350 0.46 19.172 11.058 0.355 0.142
if/int-p+,-, . . 0.282E-03 0.163E03 0.521E05 0.209E05
fr/incident-p. . 0.676E-04 0.390E-04 0.i2SE-05 0.503E-06
if at detector/inc.p 0.639E-04 o,369E-04 0.825E-06 0.503E-06

m,x,Pt,dsdp-f,-,K-,p-= 80.400 0.52 10.934 5.760 0.157 0.050
if/int-p+,-, . . 0.2lOE-03 0.lllE-03 0.302E-05 0.963E-06
if/incident-p. . 0.504E-04 0. 265E-04 0. 725E-06 0. 231E-06
if at detector/inc.p 0.480E-04 0.253E-04 0.503E-06 0.231E-06

m,x,Pt,dsdpt,-,K-,p-= 90.450 0.59 6.012 2.874 0.065 0.016
fr/int-p+,-, . . 0.146E-O3 0.698E-04 0.159E-05 0.394E-06
if/incident-p.. 0.3SlE-04 0.l68E-04 0.38iE-06 O.945E-O7
if at detector/inc.p 0.336E-04 0.l6OE-04 0.275E-06 0.945E-07

m,x,Pt,dsdp+,-,K-,p-=iO 0.500 0.65 3.179 1.370 0.025 0.005
if/int-p+,-, . . 0.954E-O4 0.4liE-04 0.753E-06 0.143E-06
if/incident-p.. 0.229E-04 0.986E-05 0.l8iE-06 0.343E-07
if at detector/inc.p 0.220E-04 0.948E-05 0.135E-06 0.343E-07

m,x,Pt,dsdp-E,-,K-,p-=ll 0.550 0.72 i.6i0 0.620 0.009 0.001
if/int-p+,-, .

. 0.584E-04 0.225E-04 0.322E-06 0.455E-07
if/incident-p.. 0.140E-04 0.540E-05 O.773E-07 0.109E-07
if at detector/inc.p 0.l3SE-04 0.S2lE-05 0.593E-07 0.109E-07

m,x,Pt,dsdp+,-,K-,p-=i2 0.600 0.78 0.775 0.264 0.003 0.000
if/int-p÷,-, . . 0.33SE-04 0.114E04 0.123E06 0.125E07
if/incident-p.. 0.804E-05 0.274E-05 0.295E07 0.301E08
if at detector/inc.p 0.778E-05 0.265E-05 0.231E-07 0.301E-08

m,x,Pt,dsdp+,-,K-,p-=i3 0.650 0.85 0.351 0.105 0.001 0.000
if/int-p+,-, . . 0.l78E-04 0.S3iE-05 0.4l2E-07 O.293E-O8
if/incident-p.. 0.428E-05 0.l27E-05 0.988E-08 0.704E09
fr at detector/inc.p 0.4iSE-0S 0.i24E-05 0.789E-08 0.7O4E-09

m,x,Pt,dsdp+,-,K-,p-=J.4 0.700 0.9]. 0.148 0.038 0.000 0.000
if/int-p+,-, . . 0.869E-0S 0.222E-05 0.118Ed7 0.56it09
fr/incident-p.. O.209E-05 0.534E-06 0.283E-08 0.i35E-09
if at detector/inc.p 0.203E-05 0.Si9E-06 0.230E-08 0.l3SE-09

m,x,Pt,dsdp+,-,K-,p-=15 0.750 0.98 0.056 0.012 0.000 0.000
if/int-p÷,-, . . 0.380E-05 0.8l7E-06 0.278E-08 0.827E-lO
if/incident-p.. 0.913E-06 0.l96E-06 0.667E-09 0.199E-iO
fr at detector/inc.p 0.889E-06 0.191E-06 0.549E-09 O.l99E-l0

m,x,Pt,dsdp+,-,K-,p-=i6 0.800 1.04 0.019 0.003 0.000 0.000
if/int-p+,-, .

. 0.144E-05 0.250E-06 0.SOOE-09 0.849E-l1
if/incident-p.. 0.343E-06 0.601E-07 0.120E-09 O.204E-11
if at detector/inc.p 0.337E-06 0.587E-07 0.100E-09 O.204E-1i

m,x,Pt,dsdp+,-,K-,p-=17 0.850 1.11 0.005 0.001 0.000 0.000
if/int-p÷,-, .

. 0.439E-06 0.585E-07 0.598E-1O 0.498E-12
if/incident-p.. 0.105E-06 O.140E-07 0.144E-l0 0.l20E12
if at detector/inc.p O.iO3E-06 O.137E-07 0.121E-iO 0.120E-12

m,x,Pt,dsdp+,-,K-,p-=18 0.900 1.17 0.001 0.000 0.000 0.000
if/int-p*,-, .

. 0.914E-07 0.8421-08 0.346E-11 0.106E13
if/incident-p.. 0.2i9E-07 O.202E-08 O.829E-12 0.255E-14
if at detector/inc.p O.2iSE-07 O.198E-08 O.705E-12 O.255E14

m,x,Pt,dsdp+,-,K-,p-=19 0.950 1.24 0.000 0.000 0.000 0.000
if/int-p+,-, . . 0.772E-08 0.379E-09 O.344E13 0.191E16
fr/incident-p.. 0.i85E-08 0.9121-10 0.826E-14 O.459E-17
if at detebtor/inc.p 0.182E-08 0.892E-10 0.709E-14 0.459E-17



program ytheta2
CCCC 6-19-90... .ADD IN DECAY probability according to nominal mean energy
c dimensions in ‘inches . . program converts to meters

data fmperin/0.0254/
c parameters for particle yie1ds...1pi+, 2=pi- from New Russian Xlation
c "Passage of H.E. Particles thru Matter, AN Kalinovski,etai,AIP,eqn3.26

dimension ci9,c29,c39,c49,cS9,c69,fm9,omeg9,
x fmusq9,bzero9,gam9

dimension dsdplOO,9,xpr100,bp100,fnum100,9,gnumiOO,9
dimension decayi00, 9, time9

c proper decay times. . .as ceettau IN meters from PDG 1988
data time/2*7.803, 3.709, 6*9.99e+5/

c units are Gel! for fm,omeg,gam and GeV**-1 for bzero...
data cl/0.25, 0.20, 0.078, 0.080, 5*0./
data c2/3.l, 4.0, 6.1, 8.6, 5*0./
data c3/0.88, 1.18, 2.46, 2.30, 5*0./
data c4/3.0, 3.0, 3.5, 4.2, 5*0/
data c5/2., 2., 2., 2., 5*0./
data c6/1l.3, 9.8, 8.8, 10.5, 5*0./
data fm/2*0.1396, 0.4937, 0.9382, 5*0./
data omeg/1.8778, 2.016, 2.370, 2.815, 5*0./
data fmusq/0.88, 0.86, 1.2, 1.1, 5*0./
data bzero/0.10, 0.11, 0.12, 0.12, 5*0./
data gam/4.0, 3.5, 4.0, 5.0, 5*0./

c
c formulae 3.26.. .given as function of tlp_perp and x-prime". . .to be input
c where x_prime=E*/E*max. . .ie -1. thru 0. to +1.

write3,9
9 format/lx,’. .YTHETA2.FOR..DP/P-0.2,DOMEGA- 3 microsR,O.33 tgt’

write6,10
10 forxnatlx,

x ‘INPUT theta,delth,del-xpr,Ezero,atnum,lengft. 6F8. 3’
read5,lltheta,delth,dxpr,Ezero,atnum, fleng

11 format6f8.3
srtofs=sqrt 2.0*0. 9382*Ezero
write6, 12theta,delth,dxpr, Ezero,srtofS, atnum,fleng
write3, l2theta,delth,dxpr, Ezero,srtofg, atnuin, fleng

12 formatlx, ‘ECHO thetamr,delth,delxpr,Ezero,srtofS,A=’/
x lOx,6f8.3/lOx,’Beam lengthftj=’,f8.1

c CONVERT fleng to METERs now...
flenq=fmperin*12 . 0fleng

c LOOP over thetas here...
do 100 LMN-1,5
write3,l111theta*0. 001

liii format/20x,’thetarad=’f7.4,2x,’*************************’
c loop over pi+,pi- ie 1,2 . .. .and 3=K-, 4=p-

do 101 i=1,4
c do xpr values from dxpr LIP, but MAX of 100, and NOT xpr=1. either

nn=3
xprl=.00S
do 102 j=1,nn

c calculate **pperp** from thetamr and xprJ...
pperp=xprJ *theta*EZeror0.001
bpJ=pperp

c done...
bperp=bzeroi *pperp
ifpperp.gt.gami bperp=bzeroi*gami
psq=pperp* * 2
xperp=2. *pperp/srtofs
phi=exp_c4i*psq+c5i*exp_c6i*xperp/psq÷fmusqi**2**4
xxx=cli*atnum**bperp*1._xprJ**c2i*exp_c3i*xprJ*phi

c AND SCALE BY Be absorption crossection 199 ntb
ccsect=atnum_0.40/9.01_0.40fl**0.69
ccsectccsect* 199.
xxr=ccsect*xxx
.dsdpi , i=xxx



ccc. . . . .assuming 9 sqin of aperture at 150 feet. .dsolid.angle=3 x 10-6
ccc..
ccc.
ccc..
ccc..
ccc..

...3 micro-sterradians..0.33 Labsorpt Be target. .x*exp_x=.24...ie 24%
incident protons interact.. . then yield per interact-proton is

.plabt*2 * dp/p rster_rad * inv.sigma=dsdp.., where dp/p=0.2-f-lO%
..and plab=.xpr*pzero=Ezero_200 Gel!,. .‘MEB’.., and sigmaabs.Be=199 mb.

if/tnt-p = xpr**2 * 0.2 * 3x10**_6 * Elab**2 * dsdp. . ,. . / 199mb
fnumj,i=l.2e_4*xxx*xprJ.**2 <.-EE

c 24 % interact in 0.33 absorption length target
gnum,i=fnumj,i*0.24

c and decays
.plong=xprJ*Ezero

eta=plong/fm i
decayJ,i=gnumj,i*exp_fleng/eta*timej.
ifj.ne.nn xprj+l=xprj+dxpr

102 continue
101 continue

write3,222m,xprm,bpm,dsdpm,K,K=.1,4,fnuxnm,Jc,K=1,4,
x gnumm,K,K=l,4,decayin,K,K=1,4,m=l,nn

222 formatlx, ‘m,x,Pt,dsdp+,-,K-,p-=’ ,i2,f6.3,fS.2,f8.3,
x 3flO.3/
x lOx, ‘if/int-p+,-,..’,14x,4e10.3/lox, ‘if/incident-p..’,lSx,
x 4e10.3/
x lOx,’if at detector/inc.p’,lOx,4e10.3

theta=theta÷de].th
100 continue

call exit
end



thetarad= 0.0025 *************************

m,x,Pt,dsdp-f,-,K-,p- 10.0050.00 319.096 297.270 21.768 29.095
if/int-p+,-,.. 0.957E-06 0.892E-06 0.653E07 0.873E07
if/incident-p.. 0.230E-06 0.214E-06 0.157E07 0.209EO7
if at detector/inc.p O.453E-08 0,422E-08 0.323E-20 0.209E-07

m,x,Pt,dsdp+,-,K-,p- 20.0150.01305.300 281.179 19.964 26.029
fr/int-p+,-, . . 0.824E-05 0.759E-05 0.539E’06 0.703E06
if/incident-p.. 0.l98E-05 0.182E-05 O.129E06 0.l69E06
if at detector/inc.p 0.534E-06 0.492E-06 0.764E1l 0.l69E06

m,x,Pt,dsdp-+-,-,K-,p-= 30.0250.01 291.938 265,783 18.296 23.262
if/int-p+,-,.. 0.219E-04 O.199E-04 0.l37E05 O.174E05
if/incident-p.. 0.525E-05 O.478E05 0.329E06 0.419E06
if at detector/inc.p 0.240E-05 0.218E-05 0.956E-09 0.419E-06

thetarad= 0.0035 *************************

m,x,Pt,dsdp+,-,K-,p-= 10.0050.00318.841 297.071 21.767 29.087
if/int-p+,-,.. 0.957E-06 0.89lE-06 0.653E-07 0.873E-O7
if/incident-p.. 0.230E-06 0.214E-06 0.157E-07 0.209E07
if at detector/inc.p 0.453E-08 0,422E-08 0.323E-20 0.209E-07

rn,x,Pt,dsdp+,-,K-,p-= 20.0150.01304.518 280.565 19.959 26.004
if/int-p+,-,.. 0.822E-05 0.75SF-OS 0.539E-06 0.702E-06
if/incident-p.. 0.197E-05 0.l82E-05 0.129E--06 0.l69E-06
if at detector/inc.p 0.533E-06 0.491E-06 0.764E-ll 0.168E06

m,x,Pt,dsdp+,-,K-,p-= 30.0250.02 290.611 264.736 18.285 23.219
if/int-p+,-,.. 0.218E-04 0.l99E-04 0.137E-05 0.174E-05
if/incident-p.. 0.523E-05 0.477E-05- O.329E-06 0.4lBE-06
if at detector/inc.p 0.239E-05 0.217E05 0.955E-09 0.418E-06

296.869- 21.766 29.079
0.956E-06 0.8921-06 0.653E-07 0.872E-07
0.229E-06 0.2l4E-06 O.157E-07 0.209E-07
0.452E-08 0.421E-08 0.323E-20 0.209E-07

0.01 303.713 279.926 19.953 25.977
0.820E-05 0.756E-05 0.539E-06 0.701E-06
0.197E-05 0.l8lE-05 0.129E-06 0.l68E-06
0.532E-06 0.490E-06 0.763E-11 0.l68E-06

0.02 289.222 263.627 18.271 23.172
O.2l7E-04 0.198E-04 0.137E-05 O.174E-O5
0.521E-05 0.475E-05 0.329E-06 0.417E-06
0.237E-05 0.2l6E-O5 0.954E-09 0.417E-06

thetarad= 0.0055 *************************

m,x,Pt,dsdp-1-,-,K-,p-= 10.0050.01318.324 296.665 21.765 29.070
O.955E-06 0.890E-06 0.653E-07 0.872E-07
O.229E-06 0.2l4E-06 0.157E-07 0.209E-O7
0.452E-08 O.421E-08 0.323E-20 0.209E-07

0.02 302.884 279.264 19.946 25.948
0.818E-05 0.754E-05 0.539E-06 0.70].E-O6
0.196E-05 0.l8lE-05 0.129E-06 0.168E-06
0.330E-06 0.489E-06 0.763E-11 0.168E-06

0.03 287.771 262.457 18.254 23.121
0.216E-04 0.197E-04 0.137E-05 0.173E-05
0.518E-05 0.472E-05 0.329E-06 0.416E-06
O.236E-05 0.2l5E-05 0.954E-09 0.416E-06

theta rad = 0. 0065 * * * * * * * * * * * * * * * * * * * * * * *

m,x,Pt,dsdp-4-,-,K-,p-= 10.0050.01318.061 296.458 21.763
if/int-p+,-,.. 0
/tncident-p. . 0

.YTHETA2.FOR. .DP/P=0.2,DOMEGA= 3 microSR,0.33 tgt
ECHO thetamr ,delth,delxpr,Ezero,srtofS,A

2.500 1.000 0.010 200.000 19.372 9.000
Beam length ft. = 720.0

theta rad = 0.0045 * * **** * *** * * * * *** * * ** * ***

m,x,Pt,dsdp--,-,K-,p-= 10.0050.00318.584
if/int-p+,-,..
if/incident-p..
if at detector/inc.p

m,x,Pt,dsdp#,-,K-,p-= 20.015
if/int-p+,-,..
/incident-p..

if at detector/inc.p
m,x,Pt,dsdp+,-,K-,p-= 30.025

if/int-p*,-,..
if/incident-p..
if at detector/inc.p

if/int-p,--,..
if/incident-p.
if at detector/inc.p

m,x,Pt,dsdp-+,-,X-,p-= 2 0.015
if/int-p+,-,..
if/incident-p.
if at detector/inc.p

m,x,Pt,dsdp-’-,-,K-,p-= 3 0.025
if/int-p+,-,..
if/incident-p.
if at detector/tnc.p

29.061
.954E-06 O.889E-06 0.653E-O7 0.872E-07
.229E-06 0.2l3E-06 0.157E-O7 O.209E-O7



# at detector/inc.p 0.452E-08 0.421E-08 0.323E-20 0.209E-O7
m,x,Pt,dsdp+,-,K-,p-= 20.0150.02 302.031 278.579 19.938 25.918

O.815E-05 0.752E-05 0.538E-O6 0.700E-C
if/incident-p.. 0.l96E-05 0.181E-05 O.l29E-06 0.l68E-06
fr at detector/inc.p 0.529E-06 0.488E-06 O.763E-11 O.l68E06

rn,x,Pt,dsdp+,-,K-,p-= 3 0.025 0.03 286.261 261.228 18.234 23.066
if/int-p+,-, . . - 0.215E-04 O.196E-04 0.137E-05 0.173E-05
if/incident-p.. 0.515E-05 0.470E-05 O.328E-06 0.415E-06
if at detector/inc.p 0.235E-05 0.214E-05 0.953E-09 0.4lSE-06
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Inclusive charged-hadronproduction in 100-400-GeVp..pcollisions

I. R. Johnson, R. Kammcnld.tT. Obsugi. 0. .1. Ritchie, R. Shafer, D. Theriot, and .1. K. Walker
Fermi Notional AcceleratorLaboratory, Batavia. illinois 60310

INTRO DUCTION -

Single-particleinclusive reactionsin high-en
ergyhadron-hadroncollisions are of major ex
peritnentaland theoretical.interest. This interest
is derivedfront the hope that at high P, the quark-
pattonmodel, which has beensosuccessfulin
high-energylepton-hadronscattering, may be
applied to pure hadronscattering. In term-s of the
quark-pattontnodel, inclusive hadronproduction
at largep may be usedto probe the constituent
structureof the colliding hadronsandof the de
tectedhadron.

The understandingof single-particleinclusive
crosssectionshas beenslow, primarily because
the observedp dependencedoesnot agreewith
dimensionalargumentsof the quark-pattonmodel
at currently availableenergies. Various muecha
nisnis, basedfor exampleon quark-quarkelastic
scattering’or on constituentinterchange,3have
beenproposedto explain the experimentalresults.
Thesemodelsare generaUylimited to the large-
P1 regionwhere the hard scatteringof the initial
proecti1esis supposedto reveala simpleunder..
lying structure.

A completeunderstandingof inclusive reactiona
mustcover the entirekinematic regionand hence
must include the LOW-ftk regionas well as the high
p5 region. In the low-ps regionwe expecthadrons
to beproducedby Iow-p quarksfragmentingfrom
the initial colliding hadrons. This hadron-pro
duction mechanismis a long-rangeprocess. High
p1 hadronproduction, on the other hand, must
be a short-rangeprocess. Therefore, it is of
interest to comparethe p andXR dependences
for various secondaryparticlesin thesetwo ki
nematicregions. Of particular interest is to
comparethe particle ratios f/C, r/r, ?/K
in thesetwo kinematic regions since this would
allow interestingsmall differencesof the cross
sectionsto be seen.3

17

The invariant crosssectionfor single-particle
inclusive productionEdaldp3p+p -12 .4.X may
be written as a function of threevariablesP5,
XR=E*/E*W, and the c.m. energysquared,S.

We havepreviouslyusedthe radial scalingvari
ablex3 in the analysisof an experimentperformed
at Fermilab on single-n° inclusive production
aswell as in an analysisof an extensivecom
pilation of inclusive hadrondata.’ The invariant
crosssections in terms of x2 show a simplesca
ling behaviorover a wide kinematic range. This
scaling rangeappearsto be wider whenx1 Is
usedthanwhenFeynmanxs2pgJTIsused. ft
is thereforeworthwhile to measurethe invariant
crosssectionby systematicallyholding two of
these-threevariables constantwhile varying the
third. It is hoped that in this way, certainsim
plicities will be evidentanddetailedquestions
suchas radial scaling, the p andx5 dependencies
may be measuredwithout model-dependentas
sumptions.

The datapresentedherewere taken in the low
P1 region, 0.25 ‘P1 ‘ 1.5 GeVIc, for incident
proton energiesof 100, 200, and 400 GeY for
the reactionsp+p-h..X where/zn?, ir, p, or
j The invariant crosssectionsfor fixed P and
s were measuredversusXe in the range0.05
5X3 S 1.0 correspondingto roughly 126° to 111°
in the c.nt. frame.

- DCPERIMn’rAL SETUP

The experimentwasconductedin the P-West
pit areaof the Proton Laboratoryof Fermi Na
tional AcceleratorLaboratory. A. well collimated
primary proton beamwas allowedto traverse
a. 13-cm liquid-hydrogentarget. The produced
particleswere detectedby a set of scintillation
and Cerenkovcountersin a 2.4-GeV/cspectro
metermade from two half quadrupolemagnets.
A systemof proportionalwire chamberswas used

F. E. Taylor
Nonhen,Illinois Uninnity. Dekaib. Illinois 60115--m RgcSved3 October1977

Measurements h e been made on the singje.particle inclusive reactions p +
pnt, K , p. or

j + an gflat 1W. 2W. and 400 0eV incidentproton energiesat Fermilab.The datacover a wide range

in mite radial scaling variablex1 0.05 1.0 in the low-ps region0.25 1.5 0eV/c. The X and

p distnbunonsareprmented.The irt/,r, K VK-. and ,rt/K± taCosare shown and are comparedwith
data at higher p1. The expenmenraltechniqueeand the dataanajysi,proceduresaredescribed in detail.
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Analysis of radial scaling in single-particleinclusive reactions

F. E. Taylor
Northern Illinois tiniversity. DelCaib. Illinois 60115

0. C. Carey, J. R. Johnson. R.. Kammenad.0. J. R.itchie, A. Roberts,
I. K. Sauer.’ K. Shafer.0. Theriot, and J. K Waflcer
Fermi National Accelerctor Laboraw.y. Batavia, Itlinots 605101

Received12 December t97

Arm nalysis f an extensivesampleof the world’s data has beenperformed to test the hypothesisof radial
scalin . ye studied the inclusive reactions p + p -ir° or K* or p or + anything to determinethe
behaviorof the invariant crosssectoisas a function of p,. Xj a EIE,._. the radial scaling vthable.and s.
The datacovera range p rum 0.23 to -6.0 0eV/c and a range in Vs from 3.0 to 63 0eV. For small
x and all available p the singie’particle inclusive crosssection ior the reactions studied scale to a good
approximation for all V s * evendown to the kinematic threshold.For large .TR, the single-particleinclusive
cross sectionsfor increesingV s show a rapid approachto the scaling limit from above. In these casesthe
scaling limit is always approachedby V s 10 0eV. Thus, data for all particles to a good approximation
exhibit radial scaling at all available p and x1 over the CERN ISa energy range. A comparisonof radial
scaling with Feynmanscaling is given. It is shown that in the Feynmancase the cross sectionsfor small x1
Ut, ? Jp’ approachtheir scaling limit fron, below, andthat the approachto the scaling limit is slower
than is exhibited for the case of small xft. The systematicdifferencesamong the inclusive crosssectionsof
various particle an discussed in the range of V a what radial scaling has been shown to be valid. In
particular. the Pt and x, distributions of E de/dp’ are examined.

I. INTRODUCtiON

In a separate paper we presented dataon inclu
sive lr° production from PP collisions at the Fermi
‘tational Accelerator Laboratory.’ Here we pre
sent an analysisand interpretation of theseir°
data, In addition, we examineother single-par
ticle inclusive cross sectionsin order to search
or systenntlcs in their behavior.

To study the single-particle inclusive experi
ments, a set of variables shouldbe chosensuch
that the single-particle inclusive cross section
1’splays the simplest behavior with respect to

‘flergy, p4,, the center-of-momentum c.m. frame
rigLe, etc. It is natural to choosea parameteriza
tion of the inclusive cross section which is mean-
‘ngful in the exclusivelimit.2 We therefore define
the scaling variable

E*

chore E the energyof the detectedparticle in
the center_of-momentum frame, andE,t.the
maximumenergy kinematically available to the
detectea particle in the cm. frame. The range
Of t5 is Ocxe4lfor all p5, and the case n=1
Correspondsto the exclusive limit. Since this
‘artable is independent of the center-of-momentum
angle and depends on only the radial distancefrom
thp kinematic boundary, we have called it the
radial" scaling variable.
Lsing this variable xi,, the proton-proton single-

particle inclusivecrosssectioncan-beexpressed
asa function of three variables, s, Ps,, and X5,

£ V,Pc, Z5, 2

where s is the squareof the total c.m. energy- In
this work we studywhetherthe invariant cross
sectionat sufficiently high energyscales, that is,
becomesindependentof s. ft Is shown that this
scalingis reachedat a lower a than obtainedwith
the use of the Feynmanvariablex,.

In an analysisof a single-n° inclusive experi-
merit in p-p collisions,’ it hasbeen shown that for
sufficiently high 11 fl 10 0ev there is radial
scaling

EjccfP.,x. 3

This scaling is observedfor 0.3 0eV/c p5 43.0
1 0eV/c, 10 0eV c fl 427 0ev, and for center-of-

massangle Q° 9 slSo°. It is therefore inter
estingto test this new form of scalingover aswide
a. kinematic rangeaspossiblefor otherparticles
producedin p-p collisions. We shall discuss the
reactions

or or por -4’anything

In Sec. U, the variablex1 is discussedand it is
comparedwith the Feynmanscalingvariable x,,.
Section It is a discussionof the method of data
analysis. A comparisonof radial scaling with
Feynmanscalingis given in Sec. IV. Section V

1± 1217
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CALCULATiON OF ANTIPROTON YIELDS FOR THE FERMILAB ANTIPROTON SOURCE

Carlos NOJVAT andA. VAN GINNEKEN
Penn,National Accelnator Laboraro,y. Batavia illinois 60510. U.S.A.

Received 27 July 1982

The available experimental data for antiproton production are describedby an analytical formula, including target nucleus
dependence. This formula, in conjunction wuh a Monte Carlo program that includes the effect of hadronic showers, is used to
optimize the design of the Fermilab Anciptoton Source. Comparison is made with measurementsof yields at the CERN Antiproton
Accumulator.

I. Introduction

Due to developmentsin beam cooling techniquesit
is now possible to accumulateantiprotons in suffi
cient numberswithin phasespaceareascompatiblewith
utilization in accelerators.The possibility of increasing
the phasespacedensityof antiprotonsis a direct result
of the developmentof electron cooling techniquesby
Sudker I and the inventionof stochasticcooling by
Vander Meer [2]. Intensebunchesof can be madeto
collide with proton bunchesin colliding beammachines
with largegains in center-of-massenergy overcollisions
with stationary targets. Several laboratorieshave pro
posed such facilities 31 At the CERN Sfl accelerator
experiments which study 270 0eV p collisions have
recently started [4$.

This report summarizes a setof calculationson anti-
proton production in complex targetsfor aiding in the
design of the Fermilab Tevatron I Antiproton Source.
The emphasis is on the optimization of the accumula
tion rate of antiprotons to maximize the expected peak
and average luminosity of the p collisions in the
Tevatron accelerator. Although several other calcula
tions [5 exist a comparison is presentlynot attempted.

The calculations rely on the Monte Carlo MC
programCASIM [61. This program generates three di
mensional nuclear cascades.Antiproton production by
all members of the cascadeis included, along with the
subsequent transport of the through the target and
collection devices. An empirical fit to available data of

production is introduced into the program expressly
for this study. This fit is described below, along with a
brief sketch of its implementationinto CASIM.

The CERN Antiproton Accumulator has now been
in operation for some time. It provides the opportunity
of comparing expected yields from the present calcu
lations with actual measurements for that specific geom
etry. Such comparisons are made below,

This report is divided in six sections. Section 2
containsthemodel for production.Section3 discusses
its adaptationto the MC codeCASIM. The results or
the Fermilab parameters are given in section 4 and the
comparisonwith CERN data in section 5. Section 6
contrasts the differencesbetweenFermilab and CERN
designs.

2. Anfiproton productionaosssection

The calculation of yields relies on the production
crosssection not only for beam protonsprimaries but
also for particles participating in the showerdevelop
ment secondaries.In the presentcalculation the sec
ondariesconsideredare p. a, ,r’. ir -. and . Produc
tion of ii which may subsequentlytransformto via
charge exchange including inelastic charge exchange,
i.e.. transformation of a leading particle is not con
sidered explicitly. To first order this processand its
likewise neglectedinverseare expectedto compensate
each other.

For nucleons and pions incident on protons as well
as on nucleartargetsthe availabledataaredescribedby
an empiricalformula which factors into threeparts:
I a fit to data1 in thehigh energyscalingregion.
2 a factor describing the approach to scaling at lower

incident energies. and
3 nuclear massdependence.

The scaling variables chosen are the transverse
momentum. p1. and the radial scaling variable. XR
E/Emn, the energy in the center of mass expressed as
a fraction of its largest kinematically allowed value. It
has been shown 8? that .tR has better scaling properties.
especially at lower incident energies. than the more
conventional Feynman x.

The empirical formula for the invariant production
cross section divided by the target absorption cross

0! 67-5087/83/0000-0000/503.0OC 983 North-Holland
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MUON ENERGY LOSS AT HIGH ENERGY
AND IMPLICAmIONS FOR DETECTOR DESIGN

3. 3. Eastmanand S. C. Loken
Lawrence BerkeleyLaboratory

University of California, Berkeley. CA 94720

Abstract

We study the effects of energyloss andassociatedelectromagneticshowers
on muon tracking and momentum measurementin muon detectorsoperating
in the energy range100 GeV-5 TeV. A detailedMonte Carlo simulation tracks
muons and shower particles through a detectorstructure and evaluatesthe
charged-particleenvironmentin chambers. Ve find that catastrophicenergy
loss events accompaniedby energetic shower! can pose serious problems to
designersof muon spectrometers.

Figure 1: Contributionsof severalprocessesto the averageenergyloss of a muon
in 5 m of iron asa functionof muon energy. The processesare p direct e4C pair
production.b bremsstrahlung,ii photonuclearinteractions,and1 ionization; i
marks the total loss.
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program powerdEdx
E=12. 5
do 10 i=1,lO
dEdx=8.0’48.O*E/250j**1.0
dEdx2=8.0
i2toi=2**i
write6, 9i,i2toi,E,dEdx,dEdx2

9 formatlx,i,2**i,EGeV,dEdxFeGeV/50m1&2=,i3,i5,3f10.l
write16,9i,i2toi,E,dEdx,dEdx2
E=2.0*E

10 continue
c. . . and integrate to get range. .. .RE= b/a* in 1 + E7b I
c where dEdxGeV/m = a * 1 -I- GeV/b
c a=8/5L6 GeV/m Fe.. .and 0.4 GeV/rn chalk.. . .ie 250/0.4=625
c... SO RE = 625 * log 1 + E/250 . . .where log=natural lo

EE=l0.
factor=sqrtlO.
do 20 i=l,9 ----cy
ifi.eq.8EE=200.
ifi.eq. 9EE=2000.

c++. . from muscat. . . .stuff AUSTIN chalk 0.38 better 0.4
GeVperM=1.73*2.2*l 1000.
RR=250./GeVperM log l.+EE/250.
RR2=EE/GeVperM
write6,l9i,EE,RR,RR2
write16, 19i,EE,RR,RR2

19 formatlx,’i,EEGeV,RRchalkmetersl&v,i4,9x,3fl0.i -
EEEE* factor

20 continue
call exit
end
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Appendix E

ProgrammuMScatZ.for for Muon Distributions

including SpreadMU.forand Inside.for

Spread2error correctedto SpreadMli,July 1991



ccc
+ .f1eMUPASSfor.

program muMScatZ
CCCCCC GRK 6-30-90.. .Sat. .noonish do in INSIDE..
ccccccCC and FINALLY... Multiple Scattering of Muons in Chalk
CCCCCCCCCCCCC +

CCCCCCCCCCCCC and ALSO put in one Meter
CCCCCCCCCCCCC +
CCCCCCCCCCCCC
CCCCCCCCCCCcC -

CCCCCCCCCCCCC.
CCCCCCCCCCcCC.
CCCCCCCCCCCCC
c dimension fnmuixpr/jrovz,kzee indexed on pmu,radius/z,z
c =Ezero*xprmuGeV ,meters/m/meters

dimension fnmu20,20,20
c store ‘russian yields in.. .yylxpr,rripT summed over type. -

dimension yy20,20,zz20,20
c.. ..where zz, is for spread out pions INTO muons..which get Xformed to fnmu.
c we will treat all as pions K/pi ratio small, and compress
c ing Kaon muons into upper half is conservative....
CCCCCCC. + . upper-limit. . .conservative estimation is what I am doing here.
c
c FnFr is output of INSIDE the muons/m**2 beyond range FR
c 0th to 19th, ie last-i & inside radius RR

dimension FnFr20,10,Range20,Fring20,FFF10g20 -

CCCCCCCCCCCCCCCCmakean array which gives ring,step for seeing radial dist.
ccccc LOGarithin-ically.. . .so can use fixed format Fx.y...

dimension FrFzi0,20,PPmin20
c++ . . zero out zz array to avoid any trouble

do 5 ii=1,20
do 5 jj=1/20

5 zzii,jj=0.
c
c first get yy-array filled

total=0.
Ezero=200.
RR=1.
write 6,666

666 formatlx, ‘ENTER value
read5, 667Ezero,RR

667 format2flO.5
write6,668Ezero,RR

668 formatlx, ‘Ezero input
atwt=9.01
dxpr=0 .05
xpr=-dxpr/2.
do 10 lxpr=l,20
PPmini.xpr=lxpr-1
xpr=xpr+dxpr
dpperp=0.2
pperp=-dpperp/2.
do 11 mpT=l,20
pperp=pperp+dpperp
yyy=0.

of EzeroGeV and RRm=’

and RR=’,2f10.l

*Ezero/20

cccc go to 8812
c 9912 iflxpr.ne.4.or.mpt.ne.7
cccc go to 8812
c 9812 iflxpr.ne.6.or.mpt.ne.3 go to 12
cccCCCCCCCC..+ erid this

001

decay about 2*Labsorpt

NON-linear RANGE-out.. .use Rangei correct. .Loken 1987
muons radiate highly above 200 GeV. .6-30-90 grk

.ipass3 solenoidally field bbending outward.implies.MIJPASS3

.spreadGE to spreadMlJ for old wrong spread2..grk 7-22-91

c sum over particle 1/2,3/4.. .ie pi+,pi-,K+,K-
do 12 it=l,4

CCCC.. .test 3 nonzero values. .1 ON and 2 0FF diagonal..
cccc iflxpr.ne.8.or.mpt.ne.8 go to 9912

go to 9812



±2 continue
c. + . .russ=E*ds/dp3. . .iinplies del.s = russ * dp3/E =

c .. russ*2.*pi*pT/xpr*dxpr*dpT grk 6-27-90
yyy=yyy’6 + 2832*pperp/xpr *dxpr*dpperp
total=total+yyy
yylxpr,mpT=yyy

11 continue
10 continue

write55,43total,atwt,Ezero,RR
43 format//1x, ‘Pagel’/

lx, ‘PROGRAM.. muscatz
lx of decay

x /lx, ‘russian TOTAL
x ‘for A,E0,RR=’,3f7.l//

write55,44yy
formatlx,10f8.4

+ muons/m**2/10**12 p per meter’/
path.. . INCLUDES radiative dEdx & Mult.
sigmamb=’ ,f7-.l,

44
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c.. . .now "muon" these "pions"..

Scat. ‘/

c. + + .take K’s as Pions. + .decay to muons is pmu from 0.57 to 1.0 *ppi
c ie xpr for mus is flat spectrum from .57 to 1 xprpi...
c. + .pT kick of 30 MeV/c ingnored realtive to 100 mev binning.
c this implies that pTmu= .57 to 1 times pTpi. + + also
c..
cccc. . + .spreadall pi’s decay TO.. .SPREADmu..1 meter of decay path for pi’s
CCCCCCCCCCC.. + spreadMti.

write55,443atwt,Ezero,RR
443 formatlHl//

x lx, ‘Page 2, muSCatz .. using SPRF.ALmu mb, all pions decay’/
x lx next page 3 for 1 meter oh length]...A,E0,RR=’,3f7.l
CEtiTEADmu20,20,dxpr,dpperp,Ezero,yy,j3

write 5,444atwt,Ezero,RR,zz
444 format1H1//

x lx,’ Page 3, muSCatZ..this "per meter"mb.&...A,EO,RR=’,
cccc x 3f7.1///lx,10f8.5

X 3f7.l///lx,lOeS.1
c. + + .now do the SIMPLE thing of counting muons inside radius RR, range gt FR
CCCC.. . do series of ANNTJLI also
c.. .need cross-section. + .also. . .all p interact. . - sig_incl/sig_absorpt=mult,

ccsect=l99.*atwt-0.40/9.0l_0.4Ofl**0.69

[-p

cccccc
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtwo passes. + .no/yes MScar -+-_---..-‘

ccc & third.. solenoidal be:.d odtwart
ccc 9-10-90 grk.. .add pass 3.. .ie SOLENOIDAL field always bending outward
ccc Bfield and Path = 2.0 T and 1.0 m l.Om approx. 2*Lachalk. + .treat
ccc as Path over 2. of bend with sigma of Path width. + + Simplest/and
ccc OVER-ESTIMATED --

ccc
;

RRRR=RR*jjng

__________________

_--cEYl inside 20,20, pr, Ezero,at,zz ,

x Range,FnFr,jring,ipass
c. . + .FnFr = vector with SUCH number muons/m**2 indexed on increasing FR’s
c. . + .FR’s at boundaries of GeV of the . .yy and zz. .grids. .ie Ezero*dxpr*flulnber

write55,442atwt,Ezero,RR
442 formatlHl//lx,’ Page 4, muSCatz . . .INSIDE results..

x lx,’ A,E0,RR=’,3f7.l
write 55, 3345

3345 format//20x, ‘PER METER OF DECAY PATH’
x //21x,’ first. + .UNscattered’

cccccc

x
x

c

areal=3.1416* jring_1*RR**2
141C#t4.-4.r.+DD4.+fl



conv=1+ et12
C. + + .convert to Hertz of muons/m**2. + .per 1O**12 protons/sec. + per ring

do 998 jR=l,20
ifjring.gt.l then

FringjR=FnFrjR,jring-FnFrjR, jring-l
else

FringjR=FnFrjR, 1
endif
FringjR=FringjR/ccsect*conv/area2_areal
FFF10gjR=0.
FFFFFF=FringjR
if FFFFFF.gt.0. FFF1ogjR=alogl0FFFFFF

CCCCC store the data in new array by ring,range. . .logarithmically..
FrFzjring, jR=FFFlogjR

998 continue + +
CC-loglo writeS5,555jring,ii,RangeU,Fringii,FFF10gii,11l,20

555 format//lx, ‘ring,step,Range,Mus/m**2&loglO gt Oth,lst, +..

x lx,2i4,flO.4,el2.4,flo.3
999 continue

ifipass.eq+2 write55,4567
4567 format//20x,’ second .. Multiply Scattered’

ifipass.eq+3 write55,4576
4576 format//20x,’ third PASS..SOLENOID-ally bent outward’

write55,567ii,Rangeii,PPminii,FrFzjj,ii,jj=l,l0,
x ii=l,20

567 format///lx,
x ‘Step#, Rangem, PPmin, LoglOmus/m**2/l0**l2,Radius=l,.lO. +

x lx,i3,2f6.O,lOf6.2
975 continue

call exit
end

CCCCCCCCCCCCCCCCcCcCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
iUSoutine inside}fl"1,NN,dxpr,dpT,Ezero,atwt,zz,RR, +

x Range,FnFr,jring,ipass
dension zz20 ,2O,Fnr0,10Range.2

c AUSTIWCIIflk.. .CaCO3 ?...calcitetc density= 2.7-2+9 g/cc 2.8 avg. -

c chalk less dense??..Ray S. sez 2+2 he thinks. .use 2.2 and dEdxZbar=lO +
+ c

datadEdxden;/17322/ + -

++.--+-- ----... -

CCCCCCCCCCCCC.- + muon radiation increase dEdx. + .we will use for MUDEDXZ
CCCCCCC. + +

see program.. .POWERDEDX.. + .Rchalk=250/dedxmin*logel+Ei/250
delP=dxpr*Ezero
PP=0.
do 987 ip=l,20
Rangeip=250+/GeVperM*logl.+frPP/25O.
PP=PP+delp

987 continue
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C delR=dxpr*Ezero/GevperM
C Ra=0.

do 10 iR=l,2O
CCCC do 10 iR=l,2O************************* TESTING one iR
C iR=l7
C Ra=420.389
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCand its Ra
C RangeiR=Ra it is done above as RangePP...

Ra=RangeiR
FnFriR, ring=0.

ccc. + must sum from iR to 20 for thos whose pT gives flux inside radius RR
pl=_Ezero*dxpr/2 . +Ezero*dxpr*iR
do 11 jR=iR,20
pt=dpT/2.
dth=pt/pl

+
-1.-, in 1+*.--j----i nfl

r



thetrpt/pl
thmin= theta- dth
thmax=theta+dth
radl=thmin*Ra
rad2=thmax*Ra

cccc ipass to 3.. +solenoidal bending overestimated
c ifipass.eq.2 go to 966

ifipass+ge.2 go to 966
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.+ + delete this for gaussian FRACT below

ifradl.gt.RRthen
fract=0.
go to 9

else
ifrad2+le.RRthen

fract=l. 0
else

fract=RR**2_radl**2/rad2**2_radl**2
endif

endif
9 continue

CCCCCC write55,456iR,jr,kpt,fract,zzjr,kpt
c 456 formatlx,’testing pieces..iR,jr,kpt,fract,zzjr,kpt=’/
C x lx,3i5,2f10.5
c. + + .now sum it up
C
C M+ S. HERE, here. + + + somewhat. .different summing TECHNIQUE.. + -

c rather than fract piece of BOX inside radiusRR. +

c it is LOwside TAIL of a GAUSSIAN that’s inside RR. + .gives FRACT
go to 963

966 thetRR=1.57
if Ra+gt+0. thetRR=RR/Ra

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCChere for ipass = 2 AND 3!!
cccc grk 9-10-90

call gFRACTtheta,thmin,thmax,thetRR,pl,Ra,FRACT / IPASS
963 FnFriR,jring=FnFriR,jring+fract*zzjr,kpt

C
c end FRACT from Gaussian. + + +

pt=pt+dpT
12 continue

pl=pl+Ezero*dxpr
11 continue

ccccc Ra=Ra+delR not neededhere. + .RangePP done a priori
10 continue

return
end

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC********* *** * * ** *** ***** * *** * ***

C***********!*St&i!****!i********CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCQCCCCC
Ciroutine gFRACTtheta,thmin,thmax, thetRR,Pl,Ra,FRACT ,ipass9-+-.-+_._.74L

C.. .gaussianize BOXthmax,thnth. + .sig**2= W**2/l2, W=tnxnax-tnmfli
C. + .and fold in quadrature
c with ...thetNs=0.014/Pl*sqrtL/Lr*[l.+1/9*logloL/LrJ
c+ + + +use table of integral values -4sig to position out to max +4sig

dimension sig41,value41
data sig/-4.0,-3.8,-3.6,-3.4,-3.2,-3.0,.-2+8,-2.6,-2.4,-2.2,

x -2.0,-1+8,-l.6,--l.4,-1.2,-l.0,-0.8,-0.6,-0.4,-0.2, 0+0,
x 0.2, 0.4, 0.6, 0.8, 1+0, 1+2, 1.4, 1.6, 1.8, 2+0,
x 2+2, 2.4, 2.6, 2+8, 3+0, 3.2, 3.4, 3.6, 3.8, 4.0/

data value/3.e-5, 7.e-5, l.6e-4, 3.3e-4, 6.8e-4, l.35e-3,
x 2.55e-3, 4.66e-3, 8.20e-3, 0.0139, 0.0228, 0+0359 ,0.0548,
x 0.0808, 0.115, 0.159, 0+212, 0+274, 0+345, 0+421, 0.500,
x 0.579, 0.655, 0+726, 0.788, 0.841, 0.885, 0+919, 0.9452,
x 0.9641, 0.9773, 0+9861, 0+9918, 0.99534, 0.99745, 0.99865,
x 0.99932, 0.99967, 0.99984, 0.99993, 0.99997/

c. + + .the radiation length Lrad for chalk about 0.1 meter Z**2 wting of
c...Lrads. .gives about 22 g/cm**2. + .and since density is 2+2. .VOILA



CCCCC and ipass = 2 AND 3.. .grk 9-10-90.. .3=solenoidal bent overly..

CCCCC
data fLcad/0.l/

ccc start with Bfield =2.0 Tesla and Path = 1.0 2*La meter chalk

ccc go to non-magnetic iron. .ie Cu/brass/zinc... .2*La=0.3 in.
data Bfield,Path,itest/2.0,0.3,0/

cccc. + + readin over default if desired. + +

ifipass.ne.3 go to 13
ifitest.ne.0 go to 13
itest=l
write6, 11

11 formatlx,’Enter BfieldT, Pathm..use 2.0,0.3std.’
read5, 12Bfield, Path

12 format2f8.3 +

writeS5, 112Bfield, Path
112 format1H1/15x,’BfieldTesla, Pathmj=’,2f8.2

13 continue
CCCCCCCCCCCCCCCCCCCCCCCCCCC

thetaX=’theta
thetMS=0.
ifRa.le.0+ go to 543
thetMS=0.0l41/Pl*sqrtRa/fLrad*1.+0+ll1l*1ogl0Ra/fLrad

c. . + for first testing.. + test gaussianized box with square BOX. .ms to zero

543 Wsq=thmax_thmin**2/l2++thetMS**2
sigw=sqrt Wsq

cc. + + add solenoidal bending for iss-3
ccc.. pMev/c0.3*B*rhO Kg-Cm or = 300*BTesla*rhometers +

ccc. + .times theta gives Pt=Pl*delth=0+3*Bfield*PathT_m GeV/c now...
delth=0 . 3*Bfield*Path/Pl
ifipass+eq+ 3 thetaX=thetaX+0 + 5*delth
ifipass.eq. 3 Wsq=Wsq+delth**2/l2.

ccc. + + .change theta here to thetaX. + + for ipass=3 mods. + .grk. + 9-10-90
fNsig= thetRR-thetaX/sigw
ifNsig=fNsig/0. 2+20. 5
ififNsig.lt+1 then

fFRACT=value1
else

ififNsig+ge.41 then
fFRACT=l. 0

else
fFRACT=0.5*valueifNsig+valueifNsig+l

endif
endif

CCCCCCCC+ . + .done CCCCCCCCCCCCCC
FRACT=fFRACT

return +

end
CCCCCCCCC CCCQCCCCC. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

subroutine SPREADmuMMçp,NNpT,dxpr,dpT,Ezero,yy, zzD
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCUCUUUCUUCCCCCeeCUCUCUCCCCCCCCCCCCCCCCCCCCC
cc7-22-91. .FIX. .subroutine spreadGENMxpr,NNpT,dxpr,dpT,Ezero,yy,zz to mu..
CCCCCCCCC...gamma/e+-.. spread out both cases is ON-A-LINE 0,0 to xpr,pT
CCC but for MU’s along line from 0.57 to 1.0 instead in xpr,pT...
C THIS is becausepT* of decays are negligible to pTproduced
c of order 70 MeV for gammasvs pTbins of 200, and nil for g-to-e
c and 30 MeV/c for pi to mu’s K’s treated as mu’s. .they are l0%-ish..OK.
c WILL BE WORSE approx. when bin sizes reduced and grid size increased..
c but still a reasonable approx.. + .grk 9-28-90. . + +

c..+.yy is input array, zzD output D=DECAY factor...
ccc. + + call spreadMU once to do single pion decay
CC..fix.+71791 dimension yy20,20,zz20,20,zxprlOO,zzpT100
ccc. + + lOOxlOO and pTmax=4. GeV/c is AOK. . .grk 7-22-91
cc. .debug dimension yylOO,100,zz100,lOO,zxpr100,zzpT100,zzD100,lOO

dimension yy20.20,zz20,20,zxpr20,zzpT20,zzd20,20
+ dimension DECAY100



data CtauPi/7.803/
c YII’{,NN are EXTENT of arrays used in main. + +

SUNmu=0+

SUMdec=0.
xpr=-dxpr/2.
do 210 m=1,MMxpr
xpr=xpr+dxpr

CCCCCC [ 1 _expLeta*c*t ] = L/eta*CTauPi. .eta =Ezero*xprpi/0+1396
ddecay=xpr*Ezero/0 .1396
DECAY m =1. / ddecay*CTauPi

CCCCCC now have decay FACTOR. + + to multiply finally zz upon exiting call. +

zxpr m =xpr
210 continue

xpr=-dxpr/2.
do 10 m=l,MMxpr

mpion=m
xpr=xpr+dxpr

pT=-dpT/2 +

do 11 n=l,NNpT
pT=pT+dpT
zzpTn=pT
aa=yym,n
ifn.gt.m go to 3333
xprmin=0. 57*xpr
bbO + 43*xpr/dxpr
ibb=bb

cc ibb total boxes on the diagonal line. . . ibb-l are full and get
cc 1/bb-th of aa, lowest gets balance

mm-m-thb+1
aabb=aa/bb

c and now zpT goes linearly with zxpr
alpha=zzpTn/zxprm
do 97 mmm=mm,m
zpT=alpha*zxprmmm
izpT=zpT/dpT+l.
zzmmm,izpT=zzrnmm,izpT+aabb
zzDmmm,izpT=zzDmmm, izpT+aabb*DECAYmpion

97 continue
c. . - find and fill partial bin

ixpr=xprmin/dxpr+1.
zpl=alpha*xprmin
izpl=zpl/dpT+1 +

zzixpr,izpl=zzixpr,izpl+aabb*bb_ibb
zzDixpr,izplnzDixpr,izpl+aabb*bb_ibb*DECAYmpion

cccccccccccccccccccccccccccccccccccccc******************this MUST be tested
go to 3344

cccccccccccccccccccopposite case..
3333 pTmin=0.57*pT

bbO. 43*pT/dpT
ibb-bb
nn=n-ibb+l
aabb=aa7bb

c now zxpr goes linearly with zpT
alpha=xpr/pT
do 397 nnn=nn,n
zzxpr=alpha*zzpT nnn
izxpr=zzxpr/dxpr+l.
zz izxpr, nnn =zz izxpr, nnn+aabb
zzDizxpr,nnn=zzDiZxpr, nnn+aabb*DECAYmpion

397 continue
c++ + + find and fill in partial bin

ipT=pTmin/dpT+l +

xpl=alpha*pTmin
ixpl=xpl/dxpr+l.

+ zzixpl,ipT=zZiXP],iPT+aabb*bb_ibb



3344 continue
cccccc + done. + +

98 continue
c++ .and is FINI
CCCCCCCCCCCCCCCCCCCCCC

11 continue
10 continue

CCCCCCCCCCCCCCCCCCCCCCC++ +to restor... .see above fixes..
do 21 m=1,MMxpr
do 21 n=1,NNpT
SUNmu=SUNmu+zzm, n
SUMdec=SUMdec+zzDm,n

21 continue
write55,22SUNmu,SUMdec

22 format//lx, ‘ STJNmumb,SUMdecmb=’,flO.1,flO.4
c. + .write zzmu all pions decay. .out HERE..

write55,44zzm,n,m=l,NMxpr,nl,NNpT
44 format/lx,lOeB.1

return

C- ussianitye,xpr,pperp,atwt,Ezero,dsdpD
c parameters for particle yields. + . l=pi+, 2=pi- from New Russian Xlation
c "Passageof H.E. Particles thru Matter, AN Kalinovski,etal,AIP,eqn3.26

dimension cl5,c25 ,c35,c45,c55,c65,fm5,omeg5
x fmusq5,bzero5,gam5

CCCC
C 1=pi+, 2=pi-, 3=K+, 4=K- and 5-p- ie pbar C =i - itype
CCCC
c units are GeV for fm,omeg,gam and GeV**-1 for bzero...

data cl/0.25, 0.20, 0.075, 0+078, 0.080/
data c2/3.l, 4.0, 2+5, 6.1, 8.6/
data c3/0.88, 1.18, 1.60, 2.46, 2.30/
data c4/3.0, 3+0, 3.0, 3.5, 4.2/
data c5/2., 2+, 2., 2., 2./
data c6/ll.3, 9.8, 10.7, 8.8, 10.5/
data fm/2*0.1396, 2*0.4937, 0.9382/
data omeg/l.8778, 2.016, 2.054, 2+370, 2.815/
data fmusq/0.88, 0.86, 1.2, 1.2, 1+1/
data bzero/0.10, 0.11, 0.12, 0.12, 0.12/
data gam/4.0, 3.5, 4.0, 4.0, 5.0/

c
c formulae 3.26.. .given as function of "p-perp and x-prime". . .to be input

where x_prime=E*/E*max. + .ie 0. thru +1.
i=itype
srtofS=sqrt 2.0*0 + 9382*Ezero
bperp=bzero i *pperp
ifpperp.gt.gami bperp=bzeroi*gami
psq=pperp** 2
xperp=2. *pperp/srtof5
phi=exp_c4i*psq+cSi*exp_c6i*xperp/psq+fmusqi**2**4
xxx=cli*atwt**bperp*1._xpr**c2i*exp_c3i*xpr*phi

c AND SCALE BY Be absorption crossection 199 mb
ccsect=atwt-0+40/9.O1-O.40**O.69
ccsect=ccsect*199 +

xxx=ccsect*xxx
dsdp3=xxx
return
end



Paqel
PROGRAM.. nuSCatZ + + rnuons/m*x2/10**l2 p per meter

of decay path. + + INCLUDES radiative dEdx & Mult. Scat.

russian TOTAL sigmamb= 1234.7forA,E0,RR= 9+0 200.0 1.0

134.9918 35.3300 16+5074 9.0959 5.3990 3+3297 2.0935 1.3259 0.8384 0.5252
0.3236 0.1944 0.1128 0.0623 0.0322 0.0151 0.0061 0.0019 0.0004 0.0000

250.5505 65+4861 30.5640 16.8270 9.9815 6.1530 3.8676 2.4493 1+5489 0+9706
0+5982 0.3597 0.2088 0.1155 0.0597 0+0280 0.0113 0.0036 0+0007 0.0000

201.5472 52+6052 24+5261 13.4925 7.9997 4+9302 3.0991 1.9631 1+2421 0+7789
0.4806 0.2893 0.1682 0.0933 0.0484 0.0228 0.0093 0.0029 0.0006 0.0000

116.4698 30.3722 14.1512 7.7818 4+6129 2.8430 1.7875 1.1328 0+7172 0.4501
0+2780 0.1676 0.0976 0.0542 0.0282 0.0133 0.0054 0.0017 0.0003 0+0000

54.8989 14.3125 6+6675 3+6663 2+1734 1.3397 0+8425 0.5341 0.3383 0.2124
0+1313 0+0792 0+0462 0.0257 0+0134 0.0063 0.0026 0.0008 0+0002 0+0000

22.2096 5.7892 2+6965 1.4825 0+8787 0+5416 0.3405 0.2159 0.1367 0.0859
0.0531 0.0320 0.0187 0.0104 0.0054 0.0026 0.0011 0.0003 0+0001 0.0000
8+1658 2.1263 0.9894 0.5434 0.3218 0.1982 0.1245 0.0789 0+0499 0.0313
0.0193 0.0117 0+0068 0+0038 0.0020 0.0009 0.0004 0.0001 0.0000 0.0000
2.9795 0.7738 0.3592 0.1969 0.1163 0.0715 0.0448 0.0284 0+0179 0.0112
0+0069 0.0042 0+0024 0.0013 0.0007 0+0003 0+0001 0.0000 0.0000 0.0000
1+1762 0+3044 0.1408 0.0769 0.0453 0.0278 0.0174 0.0110 0+0069 0+0043
0.0027 0.0016 0+0009 0.0005 0.0003 0+0001 0+0001 0.000+0 0.0000 0+0000
0.5163 0.1331 0.0614 0.0334 0.0197 0.0120 0.0075 0.0047 0.0030 0.0019
0.0011 0.0007 0.0004 0.0002 0+0001 0.0001 0.0000 0.0000 0.0000 0.0000
0.2454 0+0631 0+0290 0.0158 0.0093 0.0057 0.0035 0+0022 0.0014 0.0009
0.0005 0.0003 0+0002 0+0001 0.0001 0+0000 0.0000 0+0000 0+0000 0.0000
0+1226 0.0315 0.0144 0.0078 0.0046 0.0028 0.0017 0.0011 0+0007 0.0004
0+0003 0.0002 0+0001 0+0001 0.0000 0.0000 0.0000 0+0000 0.0000 0.0000
0.0635 0.0162 0.0074 0.0040 0.0024 0+0014 0+0009 0.0006 0.0004 0+0002
0+0001 0+0001 0.0000 0.0000 0+0000 0+0000 0.0000 0.0000 0+0000 0+0000
0+0338 0.0086 0.0039 0.0021 0.0012 0+0008 0.0005 0.0003 0+0002 0.0001
0.0001 0+0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0185 0+0047 0.0022 0.0012 0.0007 0+0004 0+0003 0.0002 0+0001 0.0001
0.0000 0+0000 0.0000 0.0000 0+0000 0+0000 0+0000 0.0000 0.0000 0.0000
0.0104 0+0026 0.0012 0.0006 0+0004 0+0002 0+0001 0.0001 0+0001 0.0000
0+0000 0+0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0059 0.0015 0.0007 0.0004 0+0002 0+0001 0.0001 0.0001 0+0000 0+0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0+0000
0.0035 0+0009 0+0004 0.0002 0.0001 0.0001 0.0000 0+0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0+0000 0.0000 0.0000 0.0000 0.0000 0+0000
0.0020 0+0005 0.0002 0.0001 0.0001 0+0000 0.0000 0+0000 0.0000 0+0000
0+0000 0+0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0+0000
0.0012 0+0003 0+0001 0.0001 0+0000 0.0000 0+0000 0.0000 0.0000 0.0000
0+0000 0+0000 0.0000 0.0000 0.0000 0+0000 0.0000 0.0000 0.0000 0+0000

printed 24-jul-1991 11:23
filename forO5S+cjat,161
directory $1$duco: {grkj
user grk
job forO5S
site superconducting super collidei



Page 2, musCatz +. using SPREADmu mb, all pions decay
[next page 3 for 1 meter path length]+..A,E0,RR 9.0 200+0 1+0

SUTh4mumb,SUMdecmb 1234.7 3.2112

0.SE+03 0.1E+02 0.2E+02 0.9E+01 0.SE+01 0+3E+01 0.2E+01 0.9E÷00 0.SE+00 0.3E+00

0.2E+00 0.8E-01 0.4E-Ol 0.2E-Ol 0+9E-02 0.3E-02 0.1E-02 0.3E-03 0.5E-04 0.lE-05
0.7E+02 0.1E+02 0.3E+02 0.1E+02 0.8E+Ol 0.5E+01 0.3E+01 0.2E+01 0.1E+01 0.6E+00
0.3E+00 0.2E+00 0.8E-01 0.4E-01 0.2E-01 0.6E-02 0.2E-02 0.6E-03 0.9E-04 0.3E-05
0+2E+03 0.SE+02 0.2E+02 0.9E+01 0.8E+01 0.4E+01 0.2E+01 0.1E+01 0.8E4-00 0.4E+00
0+2E+00 0.lE+00 0.6E-01 0.3E-01 0.1E-01 0.SE-02 0.2E-02 0.SE-03 0.7E-04 0.2E-05
0.8E+02 0+2E+02 0.1E+02 0.SE+01 0.3E+01 0+2E+01 0.1E+01 0.7E+00 0.4E+00 0.2E÷00
0.1E+00 0+6E-01 0.4E-01 0.2E-01 0.8E-02 0.3E-02 0.lE-02 0+3E-03 0.4E-04 0+lE-05
0.4E+02 0.1E+02 0.5E+01 0.2E+Ol 0.1E+01 0.8E+00 0.4E+00 0.2E+00 0.2E+00 0.1E+00
0.SE-Ol 0+3E-01 0.1E-0l 0.7E-02 0.3E-02 0.1E-02 0.SE-03 0+1E-03 0+2E-04 0.7E-06
0.1E+02 0.4E+01 0.2E+01 0.8E+00 0.SE+00 0+3E+00 0.2E+00 0.9E-01 0+5E-01 0.3E-Ol
0.2E-01 0.1E-Ol 0.6E-02 0.3E-02 0.1E-02 0.6E-03 0.2E-03 0.5E-04 0+9E-05 0.3E-06
0.4E+01 0.1E+Ol 0.SE+00 0.3E+00 0.2E+00 0.9E-01 0.6E-01 0.3E-0l 0.2E-01 0.1E-O1
0.6E-02 0+3E-02 0+2E-02 0.1E-02 0.5E-03 0.2E-03 0.7E-04 0.2E-04 0+3E-05 0.1E-06
0.1E+01 0.4E+00 0.2E+00 0.1E+00 0.5E-01 0.3E-0l 0.2E-01 0.1E-01 0+6E-02 0.4E-02
0.2E-02 0.1E-02 0.6E-03 0.3E-03 0.2E-03 0.8E-04 0.3E-04 0.7E-05 0+1E-05 0+4E-07
0.SE÷00 0.lE+00 0.7E-Ol 0.3E-Ol 0.2E-01 0.1E-Ol 0.7E-02 0.4E-02 0.3E-02 0.lE-02
0.8E-03 0.SE-03 0.2E-03 0.1E-03 0.SE-04 0.2E-04 0.lE-04 0.3E-05 0.4E-06 0.1E-07
0.2E+00 0.6E-01 0+3E-Ol 0+lE-01 0.9E-02 0.4E-02 0.3E-02 0.2E-02 0.1E-02 0.6E-03
0+3E-03 0+2E-03 0.lE-03 0.5E-04 0.2E-04 0.1E-04 0.4E-05 0.lE-05 0.2E-06 0.6E-08
0.lE+00 0.3E-Ol 0.1E-01 0.6E-02 0.3E-02 0+3E-02 0.1E-02 0.8E-03 0.4E-03 0+3E-03
0+2E-03 0.9E-04 0.SE-04 0+3E-04 0.1E-04 0+SE-05 0.2E-05 0.SE-06 0.8E-07 0+3E-08
0.SE-01 0.1E-Ol 0.6E-02 0.3E-02 0.2E-02 0.1E-02 o.sE-oa0.3E-03 0.2E-03 0.1E-03
0.7E-04 0.4E-04 0.2E-04 0.lE-04 0.5E-05 0+2E-05 0.8E-06 0.2E-06 0.4E-07 0.1E-08
0.2E-01 0.6E-02 0.3E-02 0.2E-02 0.8E-03 0.SE-03 0.4E-03 0.2E-03 0.lE-03 0.7E-04
0.4E-04 0.2E-04 0.1E-04 0+6E-05 0.3E-05 0.1E-05 0.4E-06 0+1E-06 0.2E-07 0.8E-09
0.1E-01 0+3E-02 0.1E-02 0.8E-03 0.4E-03 0.2E-03 0.2E-03 0.8E-04 0.SE-04 0.3E-04
0.2E-04 0.1E-04 0.6E-05 0.3E-05 0+1E-05 0.6E-06 0.2E-06 0.6E-07 0.1E-07 0.4E-09
0+6E-02 0.2E-02 0.7E-03 0.4E-03 0.2E-03 0.1E-03 0.7E-04 0.6E-04 0.3E-04 0+2E-04
0.1E-04 0.5E-05 0+3E-05 0.2E-05 0.8E-06 0.3E-06 0+1E-06 0.3E-07 0.6E-08 0+2E-09
0.3E-02 0.8E-03 0.4E-03 0+2E-03 0.1E-03 0+6E-04 0.4E-04 0+3E-04 0.1E-04 0.8E-05
0.5E-05 0.3E-05 0.2E-05 0.8E-06 0.4E-06 0+2E-06 0.7E-07 0.2E-07 0.3E-08 0.1E-09
0.2E-02 0.4E-03 0.2E-03 0.lE-03 0.6E-04 0.3E-04 0.2E-04 0.1E-04 0+1E-04 0+4E-05
0.3E-05 0.2E-05 0.9E-06 0.5E-06 0.2E-06 0+1E-06 0.4E-07 0.1E-07 0.2E-08 0.7E-10
0+9E-03 0.2E-03 0+1E-03 0.5E-04 0.3E-04 0.2E-04 0.1E-04 0.7E-05 0.5E-0S 0.2E-05
0.1E-05 0.8E-06 0.SE-06 0.3E-06 0.1E-06 0.SE-07 0.2E-07 0+6E-08 0.1E-08 0+4E-10
0+4E-03 0.lE-03 0.5E-04 0+2E-04 0.1E-04 0.8E-05 0.5E-05 0.3E-05 0.2E-05 0.2E-05
0+7E-06 0.4E-06 0.2E-06 0.1E-06 0.6E-07 0.3E-07 0.1E-07 0.3E-08 0.6E-09 0.2E-10
0+lE-03 0.4E-04 0.2E-04 0.9E-05 0+5E-05 0.3E-05 0.2E-05 0.1E-05 0.7E-06 0.SE-06
0+3E-06 0.2E-06 0.1E-06 0.SE-07 0.3E-07 0.1E-07 0+SE-08 0+2E-08 0.4E-09 0.1E-lO



Page 3, muSCatz..this "per meter" mb.& ... A,E0,RR= 9.0 200.0 1.0

0.1E+0l 0.7E-02 0.lE-0l 0.4E-02 0.2E-02 0.8E-03 0.4E-03 0.2E-03 0.9E-04 0.5E-04
0.2E-04 0.1E-04 0.SE-05 0.2E-05 0+1E-05 0.4E-06 0.1E-06 0.3E-07 0.4E-08 0.1E-09
0.2E+00 0+SE-02 0+2E-01 0.6E-02 0+3E-02 0+2E-02 0.8E-03 0.4E-03 0.2E-03 0.9E-04
0.5E-04 0+2E-04 0.lE-04 0.SE-05 0.2E-05 0.7E-06 0+2E-06 0+6E-07 0.8E-08 0+2E-09
0.8E+00 0.6E-0l 0.2E-01 0.5E-02 0.3E-02 0.1E-02 Q.5E-03 0+2E-03 0+1E-03 0.7E-04
0.4E-04 0.2E-04 0.8E-05 0.4E-05 0.2E-05 0+6E-06 0.2E-06 0.5E-07 0.7E-08 0.2E-09
0.3E+00 0.2E-Ol 0.7E-02 0+3E-02 0.1E-02 0.5E-03 0.3E-03 O.2E-03 0.7E-04 0+4E-04
0+2E-04 0.9E-05 0.5E-05 0.2E-05 0.9E-06 0.4E-06 0.1E-06 0.3E-07 0.4E-08 0.lE-09
0.lE+00 0.1E-Ol 0.4E--02 0.1E-02 0.SE-03 0.2E-03 0.1E-03 0+SE-04 0.4E-04 0.2E-04
0.8E-05 0.4E-05 0.2E-05 0.9E-06 0.4E-06 0.2E-06 0.SE-07 0+lE-07 0.2E-08 0.7E-10
0.SE-01 0.4E-02 O.lE-02 0.4E-03 0.2E-03 0.9E-04 0+4E-04 0.2E-04 0.lE-04 0.SE-05
0+4E-05 0.2E-05 0.8E-06 0.4E-06 0+2E-06 0.6E-07 0.2E-07 0.5E-08 0.8E-09 0+3E-10
0+2E-01 0.1E-02 0.3E-03 0.2E-03 0.6E-04 0.3E-04 0.1E-04 0.7E-05 0.4E-05 0.2E-05
0.9E-06 0+SE-06 0.3E-06 0.1E-06 0+6E-07 0.2E-07 0.8E-08 0.2E-08 0.3E-09 0.1E-10
0.5E-02 0.SE-03 0.1E-03 0.SE-04 0+2E-04 0.9E-05 0.SE-05 0.3E-05 0.lE-05 0.7E-06
0.4E-06 0.2E-06 0.8E-07 0.4E-07 0+2E-07 0.9E-08 0.3E-08 0.7E-09 0.1E-09 0.3E-11
0.2E-02 0+2E-03 0.SE-04 0.2E-04 0.9E-05 0.3E-05 0.2E-05 0.9E-06 0+SE-06 0.3E-06
0.lE-06 0+7E-07 0.3E-07 0.2E-07 0.7E-08 0.3E-08 0.1E-08 0.3E-09 0.4E-10 0.1E-11
0.8E-03 0.7E-04 0.2E-04 0.7E-05 0.3E-05 0.1E-05 0.7E-06 0.4E-06 0.2E-06 0.1E-06
0.6E-07 0.3E-07 0.1E-07 0.7E-08 0.3E-08 0.1E-08 0.4E-09 0.lE-09 0.2E-10 0.6E-12
0+4E-03 0+3E-04 0.8E-05 0.3E-05 0.1E-05 0+8E-06 0.3E-06 0.2E-06 0.9E-07 0.5E-07
0.3E-07 0.lE-07 0+7E-08 0.3E-08 0.1E-08 0.5E-09 0.2E-09 0.SE-1Q 0.8E-ll 0.3E-12
0+2E-03 0.2E-04 0.4E-05 0.1E-05 0.6E-06 0.4E-06 0.1E-06 0.8E-07 0.4E-07 0.2E-07
0.lE-07 0.7E-08 0.3E-08 0.2E-08 0.7E-09 0.3E-09 0.9E-10 0.2E-10 0.4E-ll 0+1E-12
0.9E-04 0.7E-05 0+2E-05 0.8E-06 0.3E-06 0.1E-06 0.9E-07 0.4E-07 0+2E-07 0.1E-07
0.6E-08 0.3E-08 0.2E-08 0.8E-09 0.3E-09 0.lE-09 0.5E-10 0+1E-10 0.2E-11 0.7E-l3
0.4E-04 0.4E-05 0.lE-05 0+4E-06 0.2E-06 0.8E-07 0.SE-07 0.2E-07 0.lE-07 0.6E-08
0.3E-08 0.2E-08 0.8E-09 0.4E-09 0.2E-09 0.7E-10 0.2E-10 0.7E-11 0.1E-11 0.4E-13
0.2E-04 0.2E-05 0.SE-06 0.2E-06 0.8E-07 0.4E-07 0.2E-07 0.lE-07 0.5E-08 0.3E-08
0.2E-08 0.8E-09 0+4E-09 0.2E-09 0.1E-09 0.4E-10 0.1E-lO 0.4E-11 0.6E-12 0.2E-13
0.1E-04 0.1E-05 0.3E-06 0.1E-06 0.4E-07 0.2E-07 0.1E-07 0+7E-08 0.3E-08 0.1E-08
0.8E-09 0.SE-09 0.2E-09 0.1E-09 0+SE-10 0.2E-10 0.7E-ll 0.2E-11 0.3E-12 0.1E-13
0+6E-05 0.SE-06 0.1E-06 0.5E-07 0.2E-07 0.1E-07 0.6E-08 0+3E-08 0.2E-08 0.8E-09
0.4E-09 0+2E-09 0.1E-09 0+6E-lO 0.3E-10 0+1E-10 0.4E-11 0.1E-11 0.2E-12 0.7E-14
0.3E-05 0.3E-06 0.7E-07 0.3E-07 0.1E-07 0.6E-08 0+3E-08 0.2E-08 0.1E-08 0.4E-09
0.2E-09 0.1E-09 0.6E-10 0.3E-10 0.1E-lO 0.6E-ll 0.2E-11 0+6E-12 0.1E-12 0.4E-14
0.1E-05 0.lE-06 0.3E-07 0+1E-07 0.6E-08 0+3E-08 0.1E-08 0.8E-09 0.4E-09 0.3E-09
0.1E-09 0.6E-l0 0.3E-10 0.2E-10 0.BE-ll 0.3E-11 0.1E-11 0.4E-12 0.6E-13 0+2E-l4
0.SE-06 0.4E-07 0+1E-07 0.4E-08 0+2E-08 0.1E-08 0.SE-09 0.3E-09 0.2E-09 0.9E-10
0.5E-10 0+3E-l0 0+1E-10 0+7E-11 0+3E-11 0.2E-ll 0.6E-12 0.2E-12 0.3E-13 0.lE-14



Page 4, muSCatz + + + INSIDE results..
A,E0,RR= 9.0 200.0 1.0

PER METER OF DECAY PATH

first.. .UNscattered

Step#, Rangem, PPmin, Loglomus/m**2/10**12,Radius=1,10+.
1 0. 0. 9+71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0+00 0.00
2 26. 10. 8.44 7.42 5.95 4.56 3.50 2.56 1.56 0.00 0.00 0.00
3 51. 20+ 8.10 7.10 5.79 4.49 3.44 2.60 1.80 0.94 -0.15 0.00
4 74. 30. 7.65 6.70 5.50 4.22 3.18 2.36 1.58 0.83 -0.15 0.00
5 97. 40. 7.31 6.43 5.24 3.92 2.95 2.07 1.28 0.60 -0+28 0+00
6 120. 50. 6.99 6.13 4.94 3.65 2.63 1.83 1.03 0+25 -0.58 0.00
7 141+ 60. 6+68 5.84 4+63 3.37 2.32 1+54 0.76 -0.03 -0.88 0.00
8 162. 70. 6+36 5.54 4.33 3.09 2.07 1.20 0.53 -0.30 -1.18 0.00
9 182. 80. 6.06 5.26 4.08 2+78 1.79 0.93 0.12 -0.49 -1+66 0.00

10 202. 90. 5+75 4.96 3+79 2.49 1.51 0.64 -0.15 -0.88 -1+78 0.00
11 221. 100. 5.43 4.65 3.50 2.18 1+21 0.33 -0.43 -1.19 -2+56 0.00
12 240. 110. 5.10 4.34 3.18 1.86 0.89 0.00 -0.74 -1.55 -2.56 0+00
13 258. 120. 4.74 4.01 2.83 1.52 0.55 -0.31 -1.07 -1+89 -3.16 0+00
14 275. 130. 4+37 3+64 2.45 1.15 0.18 -0.66 -1.44 -2.24-3.47 0.00
15 292. 140. 3.96 3.23 2.04 0.81 -0.24 -1.06 -1.84 -2.60 -4.07 0.00
16 309. 150. 3.50 2.78 1.58 0.36 -0+70 -1.50 -2.27 -3+05 0+00 0+00
17 325. 160. 2.97 2.25 1.05 -0.15 -1+22 -2.03 -2.78 -3.55 0.00 0.00
18 341. 170. 2.32 1.59 0.41 -0+81 -1+85 -2.68 -3.40 -4.21 0.00 0.00
19 356. 180. 1.44 0.72 -0.46 -1.71 -2.70 -3.55 -4.26 -5+03 0+00 0.00
20 371. 190. -0.10 -0.81 -1+97 -3+25 -4+21 -5.05 -5.76 -6.54 0.00 0.00

second .. Multiply Scattered

Step#, Rangem, PPmin, LoglOmus/m**2/10**l2,Radius=1,10. +

1 0. 0. 9+71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 26. 10. 8.39 7.52 6.42 5.04 3.80 2+80 1.84 0.68 .0.00 0.00
3 51. 20. 8+02 7.18 6+43 5.48 4+35 3.26 2.31 1.49 0.45 -0+20
4 74. 30. 7.56 6.73 6.15 5.37 4+42 3+56 2.48 1.53 0.82 -0+03
5 97. 40. 7.20 6.43 5+88 5.22 4+50 3.61 2.66 1+67 0.78 0.10
6 120. 50. 6.88 6.09 5.61 5.03 4.35 3.57 2.70 1+74 0.82 -0+03
7 141. 60. 6+56 5.75 5.33 4+79 4.20 3.49 2.71 1+83 0.86 -0.03
8 162. 70. 6.24 5+44 5.02 4.56 4.01 3.37 2.63 1.81 0.89 -0.07
9 182. 80. 5.94 5.12 4+71 4+32 3+77 3.20 2.48 1.73 0.88 -0+09

10 202+ 90. 5.64 4+79 4.40 4.04 3.55 2.94 2.34 1.61 0.82 -0.08
11 221. 100. 5.32 4+45 4.12 3.75 3.23 2.79 2.11 1.46 0.69 -0.22
12 240. 110. 4.99 4.09 3.82 3.37 3.03 2+49 1.90 1+24 0.53 -0.33
13 258. 120+ 4.64 3.73 3.47 3.06 2.75 2+10 1.72 0.93 0.35 -0.57
14 275+ 130+ 4+26 3.35 3.10 2+70 2.36 1+84 1.31 0.82 0+00 -0.62
15 292. 140. 3.85 2+94 2.70 2.28 1.91 1.59 0+90 0.45 -0.20 -1.00
16 309. 150+ 3.39 2+47 2+23 1.84 1.47 1.13 0+57 -0.01 -0.55 -1.30
17 325. 160+ 2+86 1.93 1.67 1.35 0.96 0.58 0.17 -0.51 -1.05 -1+69
18 341. 170. 2+21 1.26 1.02 0+70 0.31 -0+06 -0.50 -1.01 -1+67 -2.27
19 356+ 180+ 1.33 0.37 0.15 -0.18 -0.55 -0+94 -1.35 -1+81 -2.47 -3.11
20 371+ 190+ -0.20 -1.16 -1.42 -1.69 -2.01 -2.46 -2.87 -3+35 -3.93 -4+57



BfieldTesla, Pathmj- 2+00

third PASS. .SOLENOID-ally bent outward

0.30

Stepi, Rangem,
1 0. 0+

P2mm, LoglOmus/m**2/10**12,Radius=l,lO. +

9.71 0.00 0.00 0.00 0.00 0.00 0.00 0+00 0.00 0.00
2 26. 10. 8.35 7+57 6.60 5.22 3.95 2.94 1.98 0.90 0+00 0+00
3 51. 20. 7.97 7.24 6.53 5+62 4.57 3.43 2.44 1.63 0.75 -0.20
4 74. 30. 7.50 6.77 6.23 5.51 4+58 3.75 2.68 1+69 0+89 0.20
5 97. 40. 7.16 6.46 5.93 5.35 4.61 3+77 2.86 1.84 0.93 0.20
6 120. 50. 6.84 6+09 5+67 5+12 4.50 3.76 2.92 1.99 1.04 0.12
7 141+ 60. 6+51 5.79 5.37 4.87 4.32 3.61 2.84 1.98 1.06 0+10
8 162. 70. 6.20 5.44 5.07 4.63 4.10 3.47 2.75 1.95 1.05 0.11
9 182. 80+ 5.90 5.13 4.76 4.38 3.85 3.28 2.63 1.89 1.05 0+12

10 202. 90. 5.59 4.80 4.47 4.06 3.61 3.09 2.42 1.74 0+98 0.00
11 221. 100. 5.28 4.47 4.15 3.76 3.39 2+79 2.26 1.55 0+82 0.00
12 240. 110. 4.95 4.12 3+81 3.49 3.05 2.53 2.02 1.34 0.65 -0.17
13 258. 120. 4.59 3.79 3.43 3.19 2.66 2.36 1.67 1.17 0+35 -0.28
14 275+ 130. 4.24 3.37 3.05 2.81 2.36 1+99 1.36 0.81 0.27 -0.62
15 292. 140. 3.85 2.91 2+64 2+40 1+98 1.52 1.17 0.42 -0.11 -0.77
16 309. 150. 3.39 2.45 2+18 1.93 1.56 1.10 0+70 0.13 -0.55 -1+14
17 325+ 160. 2.85 1.91 1.63 1+39 1.07 0.61 0+16 -0+29 -1.00 -1+64
18 341. 170+ 2.20 1.26 0+98 0.73 0.40 0.02 -0.47 -0+93 ri.49 -2.20
19 356. 180+ 1.32 0.39 0+09 -0.17 -0.42 -0.86 -1.31 -1.80 -2.31 -2.99
20 371. 190. -0.22 -1.14 -1+44 -1.70 -1+98 -2+34 -2.77 -3.31 -3.84 -4.45



?aei
?ROGRAM.. muSCatz + + muons/m./10**12 per meter

of decay path. + . INCLUDES radiative dEdx & Mult. Scat.

russian TOTAL sigmanib= 1584.7for A,E0,RR 9+0 2000.0 1.0

143.3876 37+5395 17.5447 9+6699 5.7410 3.3413 2.2269 1.4106 0.8921 0+5589
0.3444 0.2069 0.1200 0.0663 0.0342 0.0160 0.0065 0.0020 0.0004 0.0000

:96.9518 77.6911 36.2919 19.9955 11.8688 7.3204 4.6035 2+9165 1.8449 1.1564
0.7128 0.4286 0.2488 0.1376 0+0711 0.0334 0.0135 0.0042 0.0008 0.0000

:60+8983 68.2053 31+8432 17.5384 10.4088 6+4202 4.0383 2.5594 1+6199 1.0161
0.6269 0.3774 0.2194 0.1215 0.0630 0.0296 0.0120 0.0038 0.0007 0.0000

162.3022 42+4061 19.7908 10+8982 6.4677 3+9898 2+5103 1.5916 1.0080 0+6327
0.3907 0.2355 0.1371 0+0761 0.0395 0.0186 0.0076 0.0024 0+0005 0.0000

83+2140 21.7364 10.1427 5.5849 3.3145 2+0449 1.2869 0.8162 0+5171 0+3247
0.2007 0.1210 0.0705 0+0392 0+0204 0.0096 0+0039 0.0012 0.0002 0+0000

38+1504 9.9617 4.6470 2.5582 1+5180 0.9364 0.5892 0.3737 0.2368 0.1487
0.0919 0.0554 0.0323 0+0180 0.0093 0.0044 0+0018 0.0006 0.0001 0.0000

16+8844 4.4043 2.0527 1.1292 0+6696 0.4128 0+2596 0+1646 0.1042 0.0655
0.0404 0.0244 0.0142 0+0079 0.0041 0.0019 0.0008 0.0003 0.0000 0.0000
7.7589 2.0204 0.9402 0.5165 0.3059 0.1884 0.1184 0.0750 0.0475 0.0298
0.0184 0+0111 0.0065 0.0036 0.0019 0+0009 0.0004 0.0001 0.0000 0.0000
3.8410 0+9982 0.4637 0+2544 0.1505 0.0926 0.0581 0.0368 0+0233 0.0146
0+0090 0.0054 0.0032 0.0018 0.fl009 0.0004 0.0002 0+0001 0.0000 0.0000
2.0370 0.5284 0.2451 0.1343 0.0794 0.0488 0.0306 0.0194 0+0123 0+0077
0.0047 0.0029 0.0017 0.0009 0.0005 0.0002 0.0001 0.0000 0+0000 0.0000
1.1357 0.2942 0.1363 0.0746 0.0440 0.0271 0+0170 0+0107 0.0068 0.0043
0+0026 0+0016 0.0009 0.0005 0+0003 +0.0001 0.0001 0.0000 0+0000 0+0000
0.6574 0.1700 0+0787 0.0430 0.0254 0.0156 0+0098 0.0062 0.0039 0.0024
0.0015 0.0009 0.0005 0.0003 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000
0.3927 0.1014 0.0469 0+0256 0.0151 0.0093 0.0058 0.0037 0+0023 0.0015
0+0009 0+0005 0.0003 0.0002 0+0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.2413 0.0623 0.0287 0.0157 0+0092 0.0057 0+0036 0.0022 0+0014 0+0009
0.0005 0+0003 0.0002 0.0001 0.0001 o.oooo 0+0000 0+0000 0.0000 0+0000
0.1521 0.0392 0.0181 0.0099 0.0058 0.0036 0.0022 0.0014 0.0009 0.0006
0+0003 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0981 0+0253 0+0117 0.0063 0.0037 0.0023 0.0014 0.0009 0.0006 0.0004
0.0002 0.0001 0+0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0+0647 0+0166 0+0077 0.0042 0.0025 0.0015 0.0009 0.0006 0.0004 0.0002
0.0001 0.0001 0+0001 0.0000 0.0000 0+0000 0.0000 0.0000 0.0000 0+0000
0.0435 0.0112 0.0051 0.0028 0.0016 0+0010 0.0006 0.0004 0+0003 0.0002
0+0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0+0000 0.0000
0.0293 0.0075 0.0035 0+0019 0.0011 0.0007 0+0004 0.0003 0+0002 0.0001
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0200 0+0051 0.0024 0.0013 0+0008 0+0005 0.0003 0+0002 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0+0000 0.0000 0.0000 0+0000 0.0000 0.0000

printed 24-jul-1991 11:23
filename forOSS.dat, 162
directory $1$ducO: [grkj
user grk
job forOSS
site superconducting super collidex



Page 2, muSCatz + + using SPREADmu rob, all pions decay
[next page 3 for 1 meter path lengthl.+.A,EO,RR= 9.0 2000+0

SUMmumb,SUMdeCmb 1584.7 0.4119

1+0

0.6E+03 0.1E+02 0.2E+02 0.1E+02 0.5E+Ol 0.3E+Ol 0.2E+01 0.9E+00 0+SE+00 0.3E+00
0.2E+00 0.9E-01 0.4E-01 0.2E-01 0.9E-02 0.4E-02 0.1E-02 0.3E-03 O.5E-04 0.1E-05
0.9E+02 0+2E+02 0.4E+02 0.2E+02 0.1E+02 0.7E+01 0.4E+01 0.2E+01 0.1E+01 0.7E+00
0.4E+00 0.2E+00 0+9E-Ol 0.4E-01 0.2E-01 O+8E-02 0.3E-O2 0.7E-03 0+1E-03 0.3E-05
0.3E+03 0+7E+02 0.3E+02 0.1E+02 0+lE+02 O.6E+01 0.3E+01 0.1E+Ol 0.lE+01 0.6E+00
0.3E+00 0.2E+00 0.8E-Ol 0.4E-0l 0+2E-01 0+7E-02 0.2E-02 0.6E-03 0.9E-04 0.3E-05
0+1E+03 0.3E+02 0.1E+02 0+8E+01 0.4E+01 0.2E+01 O+2E+01 0.lE+Ol 0.SE+00 0.3E+00
0.2E+00 0.9E-Ol 0.5E-Ol 0.2E-01 0.lE-Ol O.4E-02 0.lE-02 0.4E-03 O.6E-04 0.2E-05
0.6E+02 0.2E+02 0.8E+01 0.4E+01 0+2E+01 0.1E+01 0+7E+00 0.4E+OO 0.3E+O0 0.2E+00
0+8E-01 0.4E-O1 0.2E-Ol 0.lE-Ol 0+5E-02 0.2E-02 0.8E-03 0.2E-03 O.3E-04 0.1E-05
0.2E+02 0.7E+01 0.3E+01 0.lE+01 0+9E+00 0.SE+00 0.3E+00 0+2E+00 0.9E-Ol 0.5E-Ol
0.4E-01 0+2E-Ol 0.1E-01 0.5E-02 0.2E-02 0.1E-02 0.3E-03 0+9E-04 0.1E-04 0.5E-06
0.lE+02 0.3E+0l 0.lE+01 0+7E+00 0.3E+00 0.2E+00 0.lE+00 0.7E-Ol O+4E-O1 0.2E-0l
0.1E-Ol 0.7E-02 0.SE-02 0.3E-02 0.lE-O2 0.4E-03 O.lE-03 0.4E-04 0.6E-O5 0.2E-06
0.4E+01 O.lE+01 0.SE+00 0.3E+00 0.1E+00 O.9E-0]. O.5E-01 0.3E-01 0.2E-01 0.1E-01
0.6E-02 0.3E-02 0.2E-02 0.8E-03 0.5E-03 0.2E-O3 0.7E-04 0.2E-04 0+3E-05 0.lE-06
0.2E01 0+SE+00 0.2E+00 0.1E-bOO 0.8E-01 O.4E-01 0.3E-01 0.2E-Ol 0.9E-02 0.SE-02
0.3E-02 0.2E-02 0+9E-03 0.4E-03 0.2E-03 O.8E-04 0.4E-04 0+1E-04 0.lE-05 0.SE-07
0.1E+01 0.3E+00 O.lE÷00 0+6E-0l 0+4E-Ol 0.2E-01 0+1E-01 0.8E-02 0.4E-02 0.3E-02
0.2E-02 0.9E-O3 0.5E-03 0.2E-03 0.1E-03 0.4E-04 0.2E-04 0.4E-05 O.8E-06 0+3E-07
0+6E+O0 0.2E+00 0.7E-Ol 0.3E-01 0+2E-01 0.1E-01 0.6E-02 0.4E-02 0.2E-02 0+LE-02
0+9E-O3 0.SE-03 0.3E-03 0.1E-03 0.6E-04 0.2E-04 0.9E-05 0.2E-05 0.4E-06 0+1E-07
0.3E+00 0.8E-Ol 0+4E-01 0.2E-0l 0.lE-01 0.7E-02 0.3E-02 0.2E-02 0.lE-02 0.8E-03
0.SE-03 0.3E-03 0.lE-03 0+7E-04 0+3E-04 0.1E-04 0.SE-05 0+1E-05 0+2E-06 0.9E-08
0.2E+00 0+5E-01 0.2E-01 0.lE-Ol 0.6E-02 0.3E-02 0.3E-02 0.1E-02 O.7E-03 0.5E-03
0.3E-03 O.2E-03 0.9E-04 0.4E-04 0.2E-04 0.9E-05 0+3E-05 0.9E-06 0.1E-06 0.SE-08
0.1E+00 0.3E-01 0.1E-01 0.7E-02 0.3E-02 0.2E-02 0.2E-02 0.7E-03 0.4E-03 O.3E-03
0.2E-03 0+9E-04 0.SE-04 0.3E-04 0.1E-04 0.SE-05 0.2E-05 0+SE-06 0.9E-07 0.3E-08
0.6E-01 0+2E-01 0+7E-02 0.4E-02 0.2E-02 0.lE-02 0.7E-03 0.6E-03 0+3E-03 0.2E-03
0.lE-03 0.SE-04 0.3E-04 0.2E-04 0.8E-05 O.3E-05 0.1E-05 0.3E-06 0.6E-07 0.2E-08
0.4E-01 0.9E-02 0.4E-O2 0.2E-02 0.1E-02 0.7E-03 0.4E-03 0.3E-03 O.2E-03 0.lE-03
0.6E-04 0+4E-04 O.2E-04 0.1E-04 0.SE-05 0.2E-05 0.8E-06 0.2E-06 0+4E-07 0.lE-08
0.2E-01 0.SE-02 O.3E-02 0.1E-02 0.8E-03 0.4E-O3 0.3E-O3 0.2E-03 0.1E-03 0.6E-04
0.4E-04 0.2E-04 0.1E-04 0.6E-05 0+3E-05 0.lE-05 0.SE-06 0.1E-06 0.2E-07 0.9E-09
0.lE-01 0.3E-02 0+lE-02 0.8E-03 0.5E-03 0.3E-03 0.2E-03 0.1E-03 0.8E-04 0.3E-04
0.2E-04 0.1E-O4 0.7E-05 0.4E-05 0.2E-05 0.8E-O6 0.3E-06 0.lE-06 O+2E-07 0.6E-09
0.6E-02 0.2E-02 0+7E-03 0+4E-03 0.2E-03 0+1E-03 0.9E-04 0.6E-04 0.3E-04 0.3E-04
0.1E-04 0.7E-05 0.4E-05 0.2E-05 0.1E-05 0.SE-06 0.2E-06 0.6E-07 0.lE-07 0.4E-09
0.2E-02 0.6E-03 0.3E-03 0.2E-O3 0.9E-04 0.6E-04 0.3E-04 0+2E-04 0.lE-04 0.9E-05
0.5E-05 0+3E-05 0.2E-05 0.1E-O5 0.6E-06 0.3E-06 0.1E-06 0.4E-07 0+7E-08 0+3E-09



Page 3, muSCatZ..this "per meter"rnb.&. + +A,E0,RR- 9.0 2000.0 1.0

0.2E+00 0.8E-03 0.2E-02 0.4E-03 0.2E-03 0.8E-O4 0.4E-04 0+2E-04 0.lE-04 0.5E-05
0.3E-05 0.1E-05 0.6E-06 O.3E-06 0.IE-06 0.4E-07 0.1E-07 0+3E-08 0+SE-09
0.3E-01 0.lE-02 0.3E-02 0.8E-03 0.4E-03 0.2E-03 0.lE-03 0.5E-04 0.2E-04 0.lE-04
0+6E-05 0.3E-05 0.lE-05 0.5E-06 0.2E-06 0.9E-O7 0+3E-07 0.7E-08 0.lE-08 0.3E-10
0.lE+00 0.SE-02 0.2E-02 O.6E-03 0.4E-03 0.2E-03 0.7E-04 0.3E-04 0.2E-04 0.1E-04
0.SE-05 0.2E-05 0.1E-05 0.5E-06 0.2E-06 0+8E-07 0.2E-07 0+6E-08 0.9E-09 0.3E-1O
0.4E-01 0.3E-02 0.lE-O2 0.4E-03 0+2E-03 0.7E-O4 0.5E-04 0.2E-04 0.1E-04 0.SE-05
0+3E-05 0.lE-05 0.7E-06 0.3E-06 0.1E-06 0.5E-07 0+2E-07 0.4E-O8 0.6E-09 0.2E-10
0.2E-01 0.2E-02 0.6E-03 O.2E-03 0+8E-O4 0.4E-04 0.2E-O4 0.8E-05 0.6E-05 0.3E-05
0+1E-05 0.6E-06 0+3E-06 O.lE-06 0.6E-07 O.2E-07 0+8E-08 0.2E-08 0.3E-09 0.9E-ll
0.9E-02 0.8E-03 0.2E-03 0.7E-04 0.3E-04 0.2E-04 0.8E-05 0.4E-05 0.2E-05 0+9E-06
0+7E-O6 0.3E-06 0.lE-O6 0.6E-07 0.3E-07 0+1E-07 0.4E-08 0+9E-09 0.1E-09 0+4E-ll
0.4E-02 0.3E-03 0.8E-04 0.4E-04 0.lE-04 0.6E-O5 0.3E-05 0.2E-05 0.9E-06 0.4E-06
0+2E-06 0.lE-06 0.7E-07 O.3E-07 0.1E-07 0.SE-08 0.2E-08 0.4E-09 0.6E-10 0.2E-11
0.2E-02 0.1E-03 0.3E-04 0.1E-04 0+SE-05 0+3E-05 0+1E-05 0.7E-06 0.4E-06 0.2E-06
0.1E-06 0.SE-07 0.2E-07 0.1E-07 0.6E-08 0.2E-08 0+7E-09 0.2E-09 0.3E-10 0.9E-12
0.7E-03 0.6E-04 0.2E-04 0.6E-05 0.3E-05 0.1E-05 0.7E-06 0.3E-06 O.2E-06 0.9E-O7
0+5E-07 0.3E-07 0.lE-07 0.SE-08 0.2E-08 0.9E-09 O.4E-09 0.1E-09 0.1E-10 0.4E-12
0.4E-03 0.3E-04 0+9E-O5 0+3E-05 0.2E-05 0.6E-06 0.3E-06 0.2E-06 0+9E-07 0.SE-07
0.3E-07 0.1E-07 0.7E-08 0.3E-08 0.lE-08 0.SE-09 0.2E-O9 0.SE-10 0.7E-ll 0+2E-12
0.2E-03 0+2E-04 0.4E-05 0.2E-05 0.7E-06 0.4E-06 0.2E-06 0.9E-07 0.SE-07 0+3E-07
0.lE-07 0.7E-08 0.3E-08 0.2E-O8 0.7E-09 0.3E-O9 O.1E-09 0.3E-10 0+4E-ll 0.1E-12
0+1E-03 0.lE-04 0.2E-05 0+8E-06 0.4E-06 0+2E-06 0+9E-07 0+5E-07 0.3E-07 0.lE-07
0.8E-08 Q.4E-08 0.2E-O8 0+9E-09 0.4E-09 0.2E-09 0.6E-10 0.1E-lO 0.2E-11 0.8E-13
0.6E-04 0.SE-05 0.1E-05 0.6E-06 0.2E-06 0.1E-06 0.7E-07 0.3E-07 0.1E-07 0.9E-O8
0.4E-08 0.2E-08 0.1E-08 0.6E-09 0.2E-09 0.lE-09 0.3E-10 0.9E-11 0.1E-11 0+5E-13
0.4E-04 0.3E-05 0.8E-06 0.3E-06 0.1E-06 O.7E-07 0.4E-07 0.2E-O7 O.9E-O8 0.5E-08
0.3E-08 0.1E-08 0.7E-09 0.3E-09 O+lE-09 O.6E-lO 0.2E-100.SE-11 0+9E-l2 0.3E-l3
0.2E-O4 0.2E-05 0.SE-06 0.2E-06 0.8E-07 0.4E-07 0.2E-07 0.lE-07 0.SE-08 0.3E-08
0.2E-08 0.8E-09 0+4E-O9 0.2E-09 0.9E-10 0.4E-lO 0.lE-lO 0+3E-11 0.6E-12 0.2E-13
0+1E-04 0.1E-05 0.3E-06 0.1E-06 0.4E-07 0+2E-07 0.1E-07 0.8E-08 0.3E-08 0.2E-08
0.9E-09 0.SE-09 0+3E-09 0.1E-09 0+6E-10 0+2E-10 0.8E-ll 0.2E-11 0.4E-12 0.1E-l3
0.8E-05 0.6E-06 0+2E-06 0.6E-07 0.3E-07 0.1E-07 0+7E-08 0.4E-08 0.3E-08 0.IE-08
0.6E-09 0.3E-09 0+2E-09 0.8E-10 0.4E-10 0.2E-10 0.5E-ll 0.1E-ll 0+2E-12 0+8E-14
0.4E-05 0.4E-06 0.1E-06 0.4E-07 0.2E-07 0.8E-08 0+4E-08 0.2E-08 0.2E-08 0.6E-09
0+3E-09 0.2E-09 0.lE-09 0.SE-10 0.2E-lO 0+9E-11 0.3E-ll 0.1E-11 0.2E-12 0.6E-14
0.2E-05 0.2E-06 0.SE-O7 0.2E-07 0.9E-08 0.SE-O8 0.2E-08 0.lE-08 0.7E-09 0+SE-09
0.2E-09 0.1E-09 0.6E-10 0.3E-10 0.lE-10 0.6E-ll 0.2E-ll 0.6E-12 0.1E-12 0+4E-l4
0.9E-06 0.7E-07 0.2E-O7 0.8E-08 0.4E-08 0.2E-08 0+9E-09 0.SE-09 0.3E-09 0.2E-09
0+9E-lO 0.SE-lO 0.3E-10 0.lE-10 0.7E-ll 0.3E-ll 0.lE-ll 0+4E-l2 0+7E-13 0.3E-l4



Page 4, muSCatZ + + .INSIDE result:..
A,E0,RR= 9.0 2000.0

I .-<- / ‘I
I +

- / ..+

PER METER OF DECAY PATH ‘c +
+ I..

first.. + tJNscattered

Step#, Rangem, PPmin, LoglOmus/m**2/lO**12,Radius=l,lO..
8.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.59 6.46 5.00 3.86 2+95 1.97 0.00 0.00 0.00 0.00
7.26 5.99 4.53 3+42 2+50 1.66 0.17 0.00 0.00 0.00
6.83 5.55 4.08 2.87 1.99 1+03 0+00 0.00 0+00 0.00
6.52 5.16 3.57 2.40 1.44 0.31 0.00 0+00 0.00 0.00
6.22 4.76 3.13 1.99 0+93 -0.60 0.00 0.00 0+00 0+00
5.92 4.36 2+71 1+58 0.42 0.00 0+00 0.00 0.00 0.00
5.62 4+00 2.34 1+12 -0.14 0.00 0.00 0.00 0.00 0.00
5.32 3.68 1.92 0.69 -0.75 0.00 0.00 0.00 0+00 0.00
5.02 3.31 1.57 0.26 -1.47 0.00 0.00 0+00 0.00 0.00
4.71 2.95 1+17 -0.17 -2.71 0.00 0.00 0+00 0.00 0.00
4+39 2+58 0.78 -0.59 0.00 0.00 0.00 0+00 0+00 0.00
4.04 2+19 0.38 -1.05 0.00 0.00 0+00 0.00 0.00 0.00
3.67 1.77 -0.05 -1.55 0+00 0.00 0.00 0.00. 0.00 0.00
3.27 1.31 -0.51 -2.10 0.00 0.00 0.00 0.00 0.00 0.00
2.81 0.79 -1+02 -2.71 0.00 0+00 0.00 0+00 0.00 0.00
2+28 0.23 -1.58 -3.44 0.00 0.00 0+00 0.00 0.00 0.00
1.63 -0.45 -2.28 -4.33 0.00 0.00 0+00 0+00 0.00 0+00
0.75 -1+38 -3+17 0.00 0.00 0.Q0 0+00 0.00 0.00 0.00

20 1413. 1900+ -0.79 -2.96 -4.73 0.00 0+00 0.00 0.00 0.00 0.00 0.00

second .. Multiply Scattered

I
Step#, Rangem,flfl Logl0rnus/m*/10**l2,Radius=1,l0 + + + . +

1 0 0 88 000 000 cxoo 000 000 000 000 000 000
2 221+ 100. 7+48 6.57 5.93 ‘5.44 4.69 3.79 2.85 1.76 0.78 -0.20
3 386. 200. 7.08 6.15 5.25 4.76 4+22 3.56 2+89 2.09 1.06

L4 518. 300.
5 628. 400. 6.32 5.38 16 4.58 4.18 3.69 3.14 2.56 1.94 1.24
6 722. 500. 6.01 5.05 4.67 4.28 3+88 3.35 2.89 2+25 1+63 0.92
7 804. 600. 5.70 4.75 4.35 4.00 3.55 3+10 2.54 1.93 1.32 0.58
8 877. 700. 5.40 4.45 4.04 3.70 3.22 2.82 2.17 1.65 0+89 0.27
9 943. 800. 5.11 4.10 3.79 3.35 2.97 2.42 1.92 1.23 0+57 -0+18

10 1002. 900+ 4.81 3.79 3.49 3.10 2+56 2.14 1.53 0.82 0+21 -0.65
11 1057. 1000. 4.49 3.51 3.14 2.76 2.30 1+75 1.18 0.54 -0.23 -1.19
12 1108. 1100. 4.16 3.21 2+81 2.38 1.97 1.44 0.81 0.11 -0.67 -1.81
13 1155. 1200. 3+82 2.85 2.47 2+07 1.60 1.02 0.39 -0.34 -1.12 -2.42
14 1198. 1300. 3.45 2.47 2.11 1.68 1.21 0.66 -0.05 -0.74 -1.58 -3.07
15 1240. 1400. 3.04 2.08 1.70 1.26 0.76 0.18 -0.48 -1.25 -2.09 -3+76
16 1278. 1500. 2.59 1.61 1.22 0.80 0+30 -0.30 -1.00 -1.79 -2.69 -4.51
17 1315. 1600. 2+06 1.08 0.70 0.25 -0.27 -0+88 -1.55 -2+40 -3+40 -5.22
18 1349. 1700+ 1.41 0.42 0.05 -0.44 -0.92 -1.59 -2+30 -3.13 -4.29 -5+98
19 1382. 1800+ 0+53 -0+46 -0.82 -1+30 -1.83 -2.48 -3.26 -4.05 -5+41 -7.73
20 1413. 1900. ‘-1+00 -1.97 -2+40 -2+83 -3.41 -4.05 -4+82 -5.71 -7.23 0.00

- I t
j 2Pr’I.1S_- dc

1 0. 0.
2 221+ 100.
3 386. 200.
4 518. 300.
5 628. 400.
6 722+ 500.
7 804. 600.
8 877+ 700.
9 943. 800.

10 1002. 900.
11 1057. 1000.
12 1108. 1100.
13 1155. 1200.
14 1198. 1300.
15 1240. 1400.
16 1278+ 1500+
17 1315. 1600.
18 1349. 1700.
19 1382. 1800.

in

6+65 5.70 5.29 4.87

f Xi3/.K +

4.43 3.93 3.38 2.79 2+10 1.38 F-4-*’

S c
:i.:’

j.
F



BfieldTesla, Pathm+= 2.00 0.30
. +.I

2 ,‘c’

.5.

+4+.

third PASS. + SOLENOID-ally bent outward Li

c:,.’’’

Step#, Rangem,
1 0. 0.

PPmin, LoglOmus/m**2/10**12,Radius=1,10..
8.82 0+00 0+00 0.00 0.00 0.00 0.00 0+00 0.00 0.00

2 221. 100+ 7+44 6.59 6.06 5.44 4+75 3.97 2+96 1.90 0+91 -0.20
3 386. 200. 7+06 6.20 5.72 5.30 4+84 4.26 3.69 2+98 2+18 1.12
4 518. 300. 6.63 5.71 5+32 4.91 4.47 4+00 3.45 2+86 2.20 1+47
5 628. 400. 6.3]. 5.38 5.01 4.61 4.18 3.74 3.22 2+62 1.97 1.33
6 722+ 500. 6+00 5.06 4.69 4+29 3.89 3.45 2.90 2+35 1.71 1.03
7 804+ 600+ 5.69 4.75 4+41 3.98 3.60 3.10 2.61 2+02 1+33 0+69
8 877+ 700. 5.39 4+42 4.11 3+68 3.29 2.77 2.32 1.63 1.03 0+25
9 943. 800. 5.09 4.15 3.74 3.43 2+94 2+52 1.91 1.36 0+64 -0.18

10 1002. 900+ 4.79 3.85 3+48 3.06 2.68 2.13 1.62 0+96 0.17 -0+48
11 1057. 1000. 4.47 3.53 3.17 2.78 2.30 1.83 1.24 0+55 -0.22 -0+96
12 1108. 1100. 4.16 3.16 2.84 2+46 1+99 1.46 0+83 0.12 -0+58 -1.51
13 1155. 1200+ 3.81 2+84 2.48 2.10 1+60 1.08 0.45 -&+24 -1.01 -2+12
14 1198. 1300. 3.44 2.49 2.10 1.71 1.24 0.67 0.03 -0+70 -1.50 -2.78
15 1240+ 1400+ 3.03 2.08 1.70 1.31 0+80 0.22 -0+47 -1.21 -2+04 -3.53
16 1278. 1500. 2.58 1.63 1.25 0+82 0.31 -0.25 -0.94 -1.73 -2.61 -4.51
17 1315. 1600. 2.05 1.09 0.73 0.28 -0.22 -0+81 -1+54 -2.35 -3.26 -5.08
18 1349+ 1700. 1.39 0.47 0.02 -0.36 -0.91 -1.51 -2+23 -3+08 -4+08 -5.98
19 1382. 1800. 0+53 -0.45 -0.83 -1+26 -1.79 -2+45 -3.18 -4.05-5.17 -7.43
20 1413+ 1900. -1+01 -1.98 -2+36 -2.83 -3.36 -4.00 -4.80 -5+68 -7+19 0.00



Appendix F

Program Etheta+forfor Electron Distributions

including SpreadGE.for

AddedJuly 1991



ccc
ccc. file ETHETA.for.
ccc

program ELtheta
ccccc electron YIELDS using double spread out of "spreadGE*2"in ELECTRON
c instead of using russian directly
CCCC
cccc. + + + assumes photon-electron conversion probability = 100% ie 1.0
cccc
c dimensions in ‘inches’. .program converts to meters

data fmperin/0 .0254/
c12-27-90 dimension EE20,2O,FF20,20
CCC.. .testing july l9-91+++pTxnar4+0 GeV/c gives all sigma to 1%. + +

cccccccc and gids to 200x200 show good running compromise is 100**2
cccc. + .grk 7-22-91.

dimension EEl00,l00,FFlOO,100
dimension dsdplOO,9,xprl00,bplOO,fnum100,9,gnum100,9

c
c **formulae 3.26.. .given as function of "p-perp and x-prime". + .to be input
c where x_prime_E*/E*max. + .ie -1. thru 0. to ÷1+

write 3, 9
9 format/1x,’**+.elT}IETA.FOR..DP/PtO.2,DOMEGA_ 3 znicroSR,0.33 tgt’

write6,+lO
10 formatlx,

x ‘INPUT thetamr,delthmrpTmax.lt.10.,EzeroGeV,AtWt4F8.3’
read5, lltheta,delth,Ezero,atnum

11 format4f8.3 +
srtofS=sqrt2 .0*0. 9382*Ezero

cccccc
cccccc for the MOMENT.. +ELECTRON controls dxpr=.05. +and dpperp dpT = 0.2
ccccc
ccccc. + + .they are RETURNED from electron FIXing atnum/wt naming error..

atwt=atnum
c. .move this dosml2-27-90grk call electronatwt,Ezero,FF,dxpr,dpT
c++. .for eltheta.. .pperp varies.. .so must interpolate ‘electron’s pT grid..
c
CC. + + the above is delSIGMlk in a box dpT by dxpr in nib. + + + it is NOT the
CC. + + invariant E*ds/d3p NEEDED here.. .must transform back...
CC...
CC... E*ds/d3p = A = xpr/2*pi*pT*ds/dxdpT. + +

CC.. + so that delslGbox = 2*pi*pT/xpr* A * delXpr * deipT in Electron
CC... IS doubly spread out to a delSprime which is then related to the
CC... INVARIANT sigma we want.. .ie delSpr = 2*pi*pTprime/XPRprimed*Apr*dx*dpT
CC.. which is solved to give INVARIANT-electon sigmas = Apr =
CC... xPRpr/2*pi*pTpr*delspr/c3x*dpT
cc... let FF , come back from electron ie delspr...
CC... and transform it to Apr EE , +..

CC... grk 9-27-90
CC.. + and dpT=0.2 12-27-90 grk fixed here now.. NOT in electron
c and variable dxpr...

?pT=100
pTmaxx=4.0

cc**. + .use out to 4 GeV/c to be good to 2 without trouble see 5,10,20 runs
NNxpr=lOO

dxpr=1 + /NNxpr
XXX=-dxpr/2.
DDx=dxpr

c define dpT here. + + not inside electron..
dpT=pTmaxx/t’+INpT

ccc 50*0.08=4gev/c. + .ok to 2plus. + .ie 10 mr thetas at 200 gev+. .or 1 mu 2000
call e1ectronNNxpr,MMpT,atwt,Ezero,FF,c3cpr,dpT

totEE-0.
do 1 ixpr=1,NNxpr
PPP--dpT/2.
DDp=dpT

vvv= vvv.h-rn.,



CCC.bug 7-17.for testing do 2 jpT=1,S0
do 2 jpT=1,MMpT
PPP=PPP+DDp
Factor=XXX/6+ 2832*PPP*DDX*DDp
EEixpr,jpT=FFixpr,jpT*Factor
totEE=totEE+EEixpr, ipT

CC7-17-91. + .WHY oh WHY was this done?? ifjpT.le.1totEE=FFixpr,jpT+totEE
2 continue
1 continue

ccc write 3,4 FFm,n,m-l,nnxpr,n=1,mmpt
4 format///lx,’ DEBUG..+FFx,p=’//lx,5e12.2

ccc write 3,3 totEE,EEm,n,m=l,nnxpr,n=l,mmpt
3 format///lx,’ DEBUG, totEE=’,els.4,’ ...EExpr,pT=//
x lx,5e12.2

CCCCCCCCCCCCCCCCCCCCCC.+ .transformation to INV electrons done...
c

write6, 12nnxpr,mmpt,ptmaxx,theta,delth,dxpr,
x Ezero,srtofs, atnum

write3, l2nnxpr,mmpt,ptxnaxx,theta,delth,dxpr,
x Ezero,srtofS, atnuin

12 formatlx, ECHO #x,*pT,pTmax,thmr,dth,dxpr,Ezero,sqS,A=’/
x 2x,2i4,7f8.3

ccc DO 100 lmn=l,l
do 100 LMN=1,5
write3, lllltheta*0 .001

1111 format/20x,’thetara.d=’f7.4,2x,’*************************’
c one ioop on ito 101. + since only electrons +

c do xpr values from dxpr UP, but MAX of 100, and NOT xpr=l. either
nnpr=l + /dxpr

CCCCCCCCCCCCCC7-17---maxout to 100 covering whole range. +

idnnpr-1
nnst=l
ifnnpr.ge.4lidnnpr=2
ifnnpr.ge+41nnst=2

CCCC+ .must do it by HITTING the real xpr values. .max xpr’s is 200+.
xprl=dxpr/2.
do 102 j=1,nnpr

c calculate **pperp** from thetamr and xprJ...
pperp=xprJ*theta*Ezero*0 .001

c done. + + now get electron yields. + + + 7-17-90 grk...
ipT=pperp/dpT+1 +

ifipT.gt.MMpT ipT=MMpT
c+ + . + INTERPOLATE as fraction of bin we are in to next lower or higher as approp.

pipT--dpT/2 + +ipT*dpT +
ifpperp.le.pipT then

ipTlo=ipT-l
cccc. + .7-18-91.. .the IFipt.lt. .. .bug fixed to iptlo next line. +

ifipTlo. lt.lipTlo=l
ipThi=ipT

else
ipTlo=ipT
ipThi-ipT+l
if ipThi + gt .MMpT ipThi=MMpT

endif
CCC now interpolate

pipTlo=-dpT/2 . #ipTlo*dpT
delta= pperp-pipTlo/dpT
xxx-EEJ,ipTlo÷ delta*EEJ,ipThi_EEJ,ipTlo

CCCC. .debug for strange large nos iptlo=0 bug above.....
ccccc write6, 9753iptlo, ipthi, pperp,delta,dpt,xxx

9753 formatlx, ‘iptlo,ipthi,pt,del,dpt,x-’,2i3,3f6.2,e9.2
CCCCCCCCCCCCCCCCCC** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c
c. + DO NOT subr RUSSIAN above has it SCALE BY Be absorption crossection

-

rn.., 4-ha. I ncrn+-I 2n4- ol ar’#.-nn flrncc-ca.r4.



dsdpj,i"xxx
ccsect_atnuzn_O+40/9.O1_O.40*wC.69

ccsect=ccsect*199 +

cccc+ + + 12-26---90. + + + for per.. .proton.. .rescale by divide-ing by ccsect
xxx=xxx/ccsect

bpj=pperp
ccc assuming 9 5gm of aperture at 150 feet. .dsolid.angle3 x 1O**T6
ccc 3 micro-sterradians. .0.33 Labsorpt Be target. .x*exp-x=.24+ . .ie 24%

ccc incident protons interact. + .then yield per interact-proton is
ccc plab**2 * dp/p *ster_rad * inv+sigma=dsdp.j, where dp/p=O+2+-l0%
ccc and plab=xpr*pzero=Ezero_200 GeV,.. ‘M.EB’.+, and sigmaabs.Be=199 mb.
ccc t/int-p = xpr**2 * 0.2 * 3xlO**_6 * Elab**2 * dsdp..,.. / 199mb

fnumj,i=199.*1.2e_4*xxx*xprJ**2*Ezero/200j**2
CCC. . + in this program. + each pio makes one gain makes one elect.
ccc. . .real world 1 gives 2 gives 4= 2 e+ and 2e-
ccc. .sigo used is double true. + .ie sig+ + sig- = 2*sigo. .gives in computer
ccccccccc equivalent of 2 generic electrons. .so
c++. #e+ = e- = 0.5* the number fnum just calculated. +so take HALF
c++ .and change e+&e- TO e+ OR e-****************

fnumj,i=0.5*fnumj,i
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.+ .end correct countingstill must put in
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.+ .photon conversion efficiency ie 100% here
c 24 % interact in 0+33 absorption length target

gnumj,i=fnumj,i*0+24
ifj.ge.nnpr go to 102
xprj+1=xprj+dxpr

102 continue
CC 101 continue

write3, 222 m,xprm ,bpm ,dsdpm, 1, fnumm, 1 ,gnumm, 1
x nnst, nnpr, idnnpr

222 formatlx,’m,x,Pt,dsdpe+ OR e-=,i3,f6.3,f5.2,fl2.3/
x lOx,’#e+ OR e-/inter-p, & /incid-p..’,2elO.3

CCCCC... corrected above line, as above discuss. & to OR for the *0.5
theta=theta+delth

100 continue
call exit
end

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC+.+ + fix to 50 x 50. + .grk 12-27-90
subroutine electronNNxpr,MMpT,atwt, Ezero,EE,dxpr,dpperp

CCCCCC GRK 7-17-90. + .Tues SSCL. + .modify mumscatz into ELECTRON
cccccc ie double spread with. .. + spreadGE. + +

CCCCCCCC
c store ‘russian’ yields in.. .yylxpr,mpT summed over type..
ccc. + .lOOxlOO to pTmax=4. GeV/c is good compromise + .grk 7-22-91

dimension yy100,100,zz100,lOO,EE100,lOO,PPmin100
c++ ..where zz, is for spread out pions yy INTO gammas, AND
c and EE, for the 2nd spread out into EElectrons
c. + + .YOU WILL supply PHOTON CONVERSION EFF. as a later multiplier on the es
c
c each pizero = 2 gammas, and pizeroes = average of pi+/-
c SO use pizero = sum of pi+ and pi-.. .ie. sum over itype = 1,2
c. .. + zero out zz array to avoid any trouble

do 5 ii=1,NNxpr
do 5 jj=l,MMpT

5 zzii,jj=0.
c
c first get yy-array filled

total=0.
write6, 668Ezero

668 formatlx,’Ezero input ‘,flo.l
cccccccc dxpr= + 05 NOW defined in eltheta.main

xpr--dxpr/2 +

do 10 lxpr=1,NNxpr
CCCCCC PPmin lxpr = lxpr-1 *Ezero/50.

xpr=xpr+dxpr
dnnrn=fl 2 MflW da.f4nr1 in



pperp=-dpperp/2.
do 11 mpT=1,?pT
pperp-pperp+dpperp
yyy=0. + + +

c gamma=2*pmzero_pi++pi-..ie+.. .sum over particle 1,2.. .j.e pi+,pi-
do 12 it=1,2
call russianit,xpr,pperp,atWt,Ezero,russ
yyy=yyy+russ

12 continue
c++ + .russE*ds/dp3. + .implies del.s = russ * dp3/E =

c .. russ*2.*pi*pT/xpr*dxpr*dpT grk 6-27-90
yyyyyy*6. 2832*pperp/xpr*dxpr*dpperp
total=total+yyy
yylxpr,mpT=yyy

II continue
10 continue

ccc write55,43total,atwt,Ezero
43 forinat//lx, ‘Pagel’/

x lx,’PROGRAM+ + ELECTRON ..
x lx’.. .Plzero Yields decay to gammas and convert to electrons’/
x /lx,’russian TOTAL pizero sigmamb=’,f7.l,
x ‘for A,E0’,2f7.l//

ccc write55,44yym,n,m=1,nnxpr,n=l,mmpt
44 formatlx,10f8.4

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c
c++. .now "muon" these "pions". + + ie gamma these pizeroes. .71790
c....take K’s as Pions+..decay to muons is pmu from 0+57 to 1+0*ppi
c ie xpr for mus is flat spectrum from .57 to 1 xprpi.
c. + + pT kick to gamma of 70 MeV/c ingnored relative to 200 MeV binning.
c this implies that pTgain= 0 to 1 times pTpiz. + + also
c. ..start double spread out of a given yyxpr,pT. .first pT spread
C then each one, xpr spreadout
ccc
cccc. + + + first spreadall piz’s decay in.. .spreadGE
cccc write55,443atwt,Ezero

443 formatlHl//
x lx,’Page 2, ELECTRON GAMMA Yields..mb all piz.s decay’/
x lx,2f7.1

call spreadGENNxpr,MMpT,dxpr,dpperp,Ezero,yy,zz
c done double spread out. + .NOW need gam-elect conv.eff. + + +

C

cccc write 55,444atwt,Ezero
444 formatlHl//

x lx,’ Page 3, ELECTRON. .this is electron-yield.&. ..A,E0’,
x 2f7.1///

cccccc 2 pio = pi+ + pi- goes to two electrons/and/2 positrons. + ie e-/e+ each=
call spreadGENNxpr,MMpT,dxpr,dpperp,Ezero,zz,EE
return
end

c renamedback to + + .spreadGE.for... .11-16-90 fri.. .grk. + after testing
c and purge old
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c
c T added to name tempor. + + 9-28-90 grk
c ... removed in ouspread2.+ + 11-16-90--to cf. with spreadge in testelect

subroutine spreadGEMMxpr,NNpT,dxpr,dpT,Ezero,yy,zz
CCCCCCCCCCCCC do double spread out. +GE. + gammas, then 2nd electrons
ccc double BY calling this routine TWICE....
CCCCCCCCCCCCC spread out both cases is ON-A-LINE 0,0 to xpr,pT
C THIS is becausepT* of decays are negligible to pTproduced
c of order 70 MeV for gammasvs pTbins of 200, and nil for g-to-e
c WILL BE WORSE approx. when bin sizes reduced and grid size increased. +

c but still a reasonable approx. + + .grk 9-28-90....
c. + + .yy is input array, zz output. + .call spreadGE twice to do double spread out
CC. .ffx..7-17-91 dimension yy20,20,zz20,20,zxprlOO,zzpT100



ccc. + .lOOxlOO and pTmax=4. GeV/c is AOK. + +grk 7-22-91
dimension yy100.100,zz100,100,zxpr100,zzpT100

c do spread out in xpr and then each into pT spread. + +

c MM,NN are EXTENT of arrays used in main. + +

SUMmu=0.
xpr=-dxpr/2 +

do 210 m=1,MMxpr
xpr=xpr#dxpr
zxpr m =xpr

210 continue
xpr=-dxpr/2 +

do 10 m=1,NMxpr
xpr=xpr+dxpr

ccccc above 3 lines to be put back when next line removed. + + CCCCCCCCC
c m=MNxpr

pT=-dpT/2.
do 11 n-1,NNpT
pT=pT+dpT
zzpTn=pT

c 11 continue
C n=NNpT
CCCCCCCCCCCCCC+.. + 11+ + + above goes out and one below comes back when.
c. + + now SPREAD out starts

aa=yy m, n
bb=m
ifn.gt.m go to 3333
aabb=aa/bb

c and now zpT goes linearly with zxpr... +
alpha=zzpTn/zxprm
do 97 mmm=l,m
zpT=alpha*zxpr mmm
izpT=zpT/dpT+1.
zzmmm,izpT=zzmmm, izpT+aabb

97 Continue
go to 3344

cccccccccccccccccccopposite case..
3333 bb=n

aabb=aa/bb
c now zxpr goes linearly with zpT

alpha=xpr/pT
do 397 nnn=l,n
zzxpr=alpha*zzpTnnn
izxpr=zzxpr/dxpr+l.
zzizxpr, nnn=zzizxpr, nnn+aabb

397 continue
3344 continue

cccccc done.
98 continue

c++ + and is FINI
CCCCCCCCCCCCCCCCCCCCCC

11 continue
10 continue

CCCCCCCCCCCCCCCCCCCCCCC++ .to restor. + + +see above fixes..
do 21 m=l,MMxpr
do 21 n=l,NNpT
SUMmu-StJMmu+zzm,n

21 continue
ccc write3,22SUNmu,SUMdec

22 format//lx,’ SUMmumb,SUMdecmb=’,flo+l,flO.4
c. + .write zzmu all pions decay. .out HERE..
ccc write3,44 zzm,n ,m=l,MNxpr ,n=1,NNpT

44 format/lx,5el2.2
return
end
subroutine russianitype,xpr, pperp,atwt, Ezero,dsdp3

c + nararneters for narticle yields. + + l=pi+, 2-pi- from New Russian Xlation



c "Passage of H.E. Particles thru Matter, AN Kalinovski,etal,AIP,eqn3.26
dimension cl5,c25,c35,c45 ,c55 ,c65,fm5,orrieg5,

x fmusq5,bzero5,gam5
CCCC
C 1=pi+, 2=’pi-, 3=K+, 4=K- and 5-p- ie pbar =1 = itype
CCCC
c units are GeV for fm,omeq,gamand GeV**-1 for bzero+ +

data cl/0.25, 0+20, 0.075, 0.078, 0.080/
data c2/3+l, 4.0, 2+5, 6.1, 8.6/
data c3/0.88, 1.18, 1+60, 2.46, 2+30/
data c4/3.0, 3.0, 3.0, 3+5, 4.2/
data cS/2+, 2+, 2., 2., 2./
data c6/1l.3, 9.8, 10.7, 8.8, 10.5/
data fm/2*0.l396, 2*0.4937, 0.9382/
data omeg/l.8778, 2.016, 2+054, 2.370, 2+815/
data fmusq,/0+88, 0.86, 1.2, 1+2, 1+1/
data bzero/0+10, 0+11, 0.12, 0.12, 0.12/
data gam/4.0, 3.5, 4+0, 4.0, 5.0/

C

c formulae 3.26. + .given as function of "p-perp and x-prime". + .to be input
c where x-prime=E*/E*max. + .ie 0+ thru +1.

i=itype
srtofS=sqrt2.O*O. 9382*Ezero
bperp=bzeroi *pperp
ifpperp.gt.gami bperp=bzeroi*gami
psq=pperp** 2
xperp=2.*pperp/srtofS
phi=exp_c4i*psq+c5i*exp_c6i*xperp/psq+fmusq1**2**4
xxx=cli*atwt**bperp*1._xpr**c2i*exp_c3i*xpr*phi

c AND SCALE BY Be absorption crossection 199 mb
ccsect=atwt_O.40/9.Ol_0+40**0.69
ccsect=ccsect*199+

xxx=ccsect*xXX
dsdp3=xxx
return
end



-i-i

tn

p -t

-4

3

-

J
10

-410

.2

/0

:÷-3F1
L

K 0

/5->

‘I

n

C’

1 + +

Li

.,.- ,- -

N -
-

__

I

b / ÷7t,

0 L272c i-c

"N
N

I.-,
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thetarad= 0.0025 *****wr***,****fl********

/

HT

m,x,Pt,dsdpe-1- OR e-= 2 0+015 0.01 8058.869
e+ OR e-/inter-p, & /incid-p. + O.109E-03 O.261E-04

m,x,Pt,dsdpe+ OR e-= 4 0.035 0.02 3079.692
ffe+ OR e-/inter-p, & /incid-p.. O.227E-03 O.544E-04

m,x,Pt,dsdpe+ OR e-= 6 0+055 0.03 1437.440
#e-l- OR e-/inter-p, & /incid-p.. O.261E-03 O.627E04

m,x,Pt,dsdpe+ OR e-= 8 0+075 0+04 797.503
#e+ OR e-/inter-p, & /incid-p.. O.269E-03 O.646E-04

m,x,Pt,dsdpe+ OR e-= 10 0.095 0.05 467.379
tHe+ OR e-/inter-p, & /incid-p.. O+253E-03 O.608E-04

m,x,Pt,dsdpe+ OR e-= 12 0.115 0.06 316.659
#e+ OR e-/inter-p, & /incid-p.. O.251E-03 O.604E-04

m,x,Pt,dsdpe+ OR e-= 14 0.135 0.07 202+431
e+ OR e-/inter-p, & /incid-p.. O+222E-03 O.5322-04

m,x,Pt,dsdpe+ OR e-= 16 0.155 0+08 142.940
*e+ OR e-/inter--p, & /incid-p. + O+206E-03 O.495E-04

m,x,Pt,dsdpe+ OR e-= 18 0.175 0.09 101.061
ite+ OR e-/inter-p, & /incid-p.. O.186E-O3 O+446E-04

m,x,Pt,dsdpe+ OR e-= 20 0.195 0.10 67.919
te+ OR e-/inter-p, & /incid-p.. O.155E-03 O.372E-04

m,x,Pt,dsdpe-1- OR e- 22 0.215 0.11 51.263
#e+ OR e-/inter-p, & /incid-p.. O+142E-03 O.341E-04

m,x,Pt,dsdpe+ OR e- 24 0.235 0.12 37.202
#e+ OR e-/inter-p, & /iricid-p+. O.123E-03 O+296E-04

m,x,Pt,dsdpel- OR e-= 26 0.255 0.13 26.415
#e+ OR e-/inter-p, & /incid-p. + O.103E-03 O.248E-04

m,x,Pt,dsdpe+ OR e-= 28 0.275 0.14 19.165
*e+ OR e-/inter-p, & /incid-p+ + O..870E-04 O+209E-04

iu,x,Pt,dsdpe+ OR e-= 30 0.295 0.15 14+377
fle+ OR e-/inter-p, & /incid-p.. O.751E-04 O+180E-04

m,x,Pt,dsdpe+ OR e-= 32 0.315 0.16 10.744
fle+ OR e-/inter-p, & /incid-p.. O+640E-04 O.154E-04

m,x,Pt,dsdpe+ OR e-= 34 0.335 0.17 7.836
Iet OR e-/inter-p, & /incid-p.. O.528E-04 O.127E-04

m,x,Pt,dsdpe-1- OR e- 36 0.355 0.18 6+038
e+ OR e-/i+nter-p, & /inci&-p+ + O.457E-04 O.11OE-04

m,x,Pt,dsdpe+ OR e-= 38 0.375 0.19 4.408
e+ OR e-/inter-p, & /incid-p.. O.372E-04 O.893E-O5

m,x,Pt,dsdpe+ OR e-= 40 0+ 395 0+20 3.209
e+ OR e-/inter-p, & /incid-p+. O.301E-04 O+721E05

m,x,Pt,dsdpe-l- OR e 42 0.415 0.21 2.431
te+ OR e-/inter-p, & /incid-p.. O.251E-04 O.603E-05

m,x,Pt,dsdpe OR e-= 44 0.435 0.22 1.856
#e+ OR e-/inter-p, & /incid-p.. O.211E-04 O.506E-O5

m,x,Pt,dsdpe+ OR e 46 0.455 0.23 1.325
fle# OR e-/inter--p, & /incid-p. + O.165E-04 0395E-05

m,x,Pt,dsdpe+ OR e-= 48 0.475 0.24 0.959
Ie+ OR e-/inter-p, & /incid-p.. O.130E-04 O+312E-05

m,x,Pt,dsdpe4- OR e-= 50 0.495 0.25 0.709
Ite+ OR e-/inter-p, & /incid-p. . O.104E-04 O.251E-05

m,x,Pt,dsdpe+ OR e-= 52 0.515 0+26 0.529
e+ OR e-/inter-p, & /incid-p.. O.842E-O5 O.202E-05

m,x,Pt,dsdpe+ OR e-= 54 0.535 0.27 0.380
e+ OR e-/inter-p, & /incid-p.. O.653E-O5 O.157E-05

ni,x,Pt,dsdpe+ OR e-= 56 0+555 0.28 0.265
#e+ OR e-/tnter-p, & /irtcid-p+. O.490E-05 O.118E-O5

rn,x,Pt,dsdpe-f- OR e-= 58 0+575 0.29 0+194
ie+ OR e-/inter-p, & /incid-p+. O+384E-05 O.923E-06

m,x,Pt,dsdpel- OR e-= 60 0.595 0.30 0+140
O+4. flP /iflprfl F. /incidij.. O.298E-05 O.715E-06



m,x,Pt,dsdpe+ OR e-= 62 0+615 0.31 3.097
ffe+ OR e-/inter-p, & /tncid-c. - O.221E-O5 O.531E-06

m,x,Pt,dsdpe+ OR e-= 64 0+635 0+32 0.065
tte+ OR e-/inter-p, & /incid-p. . O.158E-O5 O.379E-06

m,x,Pt,dsdpe+ OR e-= 66 0.655 0.33 0.045
#e# OR e-/inter-p, & /incid-p.. O.117E-05 O.280E-06

m,x,Pt,dsdpe+ OR e-= 68 0.675 0.34 0.032
#e+ OR e-/inter-p, & /incid-p.. O.863E-06 O.207E-06

m,x,Pt,dsdpe-4- OR e-= 70 0+695 0.35 0.021
e+ OR e-/inter-p, & /incid-p. O.599E-06 O.144E-06

m,x,Pt,dsdpe+ OR e-= 72 0.715 0.36 0.013
#e+ OR e-/inter--p, & /incid-p. + O.396E-06 O.950E-07

m,x,Pt,dsdpe+ OR e-= 74 0.735 0.37 0.008
#e-I- OR e-/inter-p, & /incid-p.. O+267E-06 O.641E-07

m,x,Pt,dsdpe+ OR e-= 76 0.755 0.38 0.005
#e+ OR e-/inter-p, & /incid-p.. O.183E-06 O+439E-07

m,x,Pt,dsdpe+ OR e-= 78 0+775 0.39 0.003
#e+ OR e-/inter-p, & /incid-p.. O+113E-06 O.272E-07

m,x,Pt,dsdpe+ OR e-= 80 0.795 0.40 0.002
#e-I- OR e-/inter-p, & /incid-p+. O.666E-07 O.160E-07

m,x,Pt,dsdpe+ OR e-= 82 0+815 0.41 0.001
#e+ OR e-/inter-p, & /incid-p.. O.392E-07 O.941E-08

m,x,Pt,dsdpe+ OR e-= 84 0.835 0.42 0.001
#e+ OR e-/inter-p, & /incid-p.. O.224E-07 O.538E-08

m,x,Pt,dsdpe-1- OR e-= 86 0.855 0.43 0.000
#e+ OR e-/inter-p, & /incid-p. + O.113E-07 O.271E-08

m,x,Pt,dsdpe+ OR e- 88 0+875 0.44 0.000
#e+ OR e-/inter-p, & /incid-p. - O.514E-08 O.123E-08

m,x,Pt,dsdpe+ OR e-= 90 0.895 0.45 0.000
#e+ OR e-/inter-p, & /incid-p+. O.217E-O8 O.521E-09

m,x,Pt,dsdpe-1- OR e-= 92 0.915 0+46 0.000
#e+ OR e-/inter-p, & /incid-p.. O.777E-09 O+186E-09

m,x,Pt,dsdpe+ OR e-= 94 0.935 0.47 0.000
e+ OR e-/inter-p, & /incid-p.. O.212E-09 O.509E-1O

m,x,Pt,dsdpe+ OR e- 96 0.955 0.48 0.000
e+ OR e-/inter--p, & /incid-p.. O.397E-1O O.952E-11

m,x,Pt,dsdpe+ OR e-= 98 0.975 0.49 0.000
#e+ OR e-/inter-p, & /incid-p.. O.343E-11 O.824E-12

rn,x,Pt,dsdpe+ OR e-=100 0+995 0.50 0.000
#e+ OR e-/inter-p, & /incid-p.. O+153E-13 O:367E14

thetarad= 0.0050 **************

m,x,Pt,dsdpe+ OR e-= 2 0.015 0.01 8058.869
#e+ OR e-/inter-p, & /incid-p.. O+109E-03 O.261E-04

m,x,Pt,dsdpe-4- OR e-= 4 0.035 0+04 2632+144
#e+ OR e-/inter-p, & /incid-p.. O+194E-03 O.465E04

m,x,Pt,dsdpe+ OR e-= 6 0.055 0.06 1090+469
#e+ OR e-/inter-p, & /incid-p+ + O.198E-03 O.475E-04

m,x,Pt,dsdpe+ OR e-= 8 0.075 0.08 600.414
#e+ OR e-/inter-p, & /incid-p. + O.203E-03 O.487E-04

m,x,Pt,dsdpe+ OR e-= 10 0+095 0.10 352.269
#e+ OR e-/inter-p, & /incid-p.. O.191E-03 O+458E-04

m,x,Pt,dsdpe-1- OR e-= 12 0+115 0.12 208.695
#e+ OR e-/inter-p, & /incid-p.. O.166E-03 O.398E-04

m,x,Pt,dsdpe4- OR e-= 14 0.135 0.13 136.624
fre+ OR e-/inter-p, & /incid-p. - O.1SOE-03 O.359E-04

m,x,Pt,dsdpe+ OR e-= 16 0.155 0.16 89.608
#e+ OR e-/inter-p, & /incid-p.. O+129E-03 O.310E-04

m,x,Pt,dsdpe-t- OR e-= 18 0.175 0.18 60.962
ffe+ OR e-/inter-p, & /incid-p+. O.112E-03 O.269E-04

m,x,Pt,dsdpe+ OR e-= 20 0.195 0.20 42.089
#e+ OR e-/inter-p, & /incid-p.. O.961E-04 O.231E-04

m,x,Pt,dsdpe+ OR e-= 22 0+215 0.22 29.545
#e+ OR e-/inter-p, & /incid-p.. O.820E-04 O.197E-04

m,x,Pt,dsdpe+ OR e-= 24 0.235 0.24 20.198
He-’ OR e-’/jnter-n. & /jncjd-o + Q.670E-04 0161E-04



m,x,Pt,dsdpe+ OR e-= 26 0.255 0.26 14+360
e+ OR e-/thter-p, & /inctd-p. . D.561E-04 O.135E-04

rn,x,Pt,dsdpe+ OR e-= 28 0.275 0+28 9.887
e+ OR e-/inter-p, & /incid-p+ + O.449E-04 O.1OSE-04

m,x,Pt,dsdpe+ OR e-= 30 0.295 0.30 7.339
e+ OR e-/inter-p, & /incid-p. + O.384E-04 O+920E-05

m,x,Pt,dsdpe+ OR e- 32 0.315 0.32 5.003
ie4- OR e-/irxter-p, & /irxcid-p.. O.298E-04 O+715E-05

m,x,Pt,dsdpe+ OR e- 34 0.335 0.34 3.726
#e+ OR e-/inter--p, & /incid-p.. O.251E-04 O.603E-05

m,x,Pt,dsdpe+ OR e-= 36 0.355 0.35 2.562
te+ OR e-/inter--p, & /incid-p.. O.194E-04 O.465E-O5

nt,x,Pt,dsdpe+ OR e-= 38 0.375 0.37 1+912
te+ OR e-/inter-p, & /incid-p.. O.161E-04 O.387E-05

m,x,Pt,dsdpe+ OR e-= 40 0+395 0+39 1.287
te+ OR e-/inter-p, & /incid-p.. O.121E-04 O.289E-05

m,x,Pt,dsdpe-1- OR e-= 42 0.415 0.41 0.969
#e+ OR e-/inter-p, & /incid-p.. O.100E-04 0240E-O5

m,x,Pt,dsdpe-1- OR e-= 44 0.435 0.43 0.646
#e+ OR e-/inter-p, & /incid-p.. O+735E-O5 O.176E-05

m,x,Pt,dsdpe+ OR e-= 46 0+455 0.45 0.486
#e+ OR e-/inter-p, & /incid-p+. O+604E-05 O.145E-05

m,x,Pt,dsdpe+ OR e-= 48 0.475 0.47 0.322
e+ OR e-/inter-p, & /incid-p. + O+437E-05 O.105E-O5

m,x,Pt,dsdpe+ OR e-= 50 0+495 0.49 0.241
#e+ OR e-/inter-p, & /incid-p.. O.355E-O5 O+851E-06

m,x,Pt,dsdpe-i- OR e-= 52 0.515 0.51 0.158
#e+ OR e-/inter--p, & /incid-p.. O.251E-O5 O.603E-06

m,x,Pt,dsdpe+ OR e-= 54 0.535 0.53 0.117
e+ OR e-/inter-p, & /incid-p.. O.200E-O5 O.481E-06

m,x,Pt,dsdpe+ OR e-= 56 0.555 0+55 0.075
e+ OR e-/inter-p, & /incid-p.. O+138E-05 O.331E-06

m,x,Pt,dsdpe-1- OR e-= 58 0.575 0.57 0+055
#e+ OR e-/inter-p, & /incid-p.. O.109E-O5 O.261E-06

m,x,Pt,dsdpe+ OR e-= 60 0+595 0.59 0.034
#e+ OR e-/inter-p, & /incid-p.. O+729E-06 O.175E-06

rn,x,Pt,dsdpe-1- OR e-= 62 0.615 0.61 0+025
#e+ OR e-/inter-p, & /incid-p.+ O.564E-06 O+135E-06

m,x,Pt,dsdpe-1- OR e-= 64 0.635 0.63 0.015
#e+ OR e-/inter-p, & /incid-p.. O.368E-06 O.883E-07

m,x,Pt,dsdpe+ OR e-= 66 0.655 0.65 0.011
#e+ OR e-/inter-p, & /incid-p.. O.277E-06 O.664E-07

m,x,Pt,dsdpe+ OR e-= 68 0.675 0.67 0.006
te+ OR e-/inter-p, & /incid-p.. O.174E-06 O.419E-07

m,x,Pt,dsdpe+ OR e-= 70 0.695 0.69 0.004
#e+ OR e-/inter-p, & /incid-p.. O.127E-06 O.304E-07

m,x,Pt,dsdpe+ OR e-= 72 0+715 0.71 0.003
te+ OR e-/inter-p, & /incid-p.. O.768E-07 O.184E-07

m,x,Pt,dsdpe+ OR e-= 74 0.735 0.73 0.002
ie+ OR e-/inter--p, & /incid-p.. O.533E-07 O.128E-07

m,x,Pt,dsdpe+ OR e-= 76 0.755 0+75 0+001
tte+ OR e-/inter-p, & /incid-p.. O.306E-07 O.736E-08

m,x,Pt,dsdpe+ OR e_= 78 0.775 0.77 0.001
#e-1- OR e-/inter-p, & /incid-p.. 0. 200E-07 O.480E1-08

m,x,Pt,dsdpe+ OR e-= 80 0.795 0.79 0+000
te+ OR e-/inter-p, & /incid-p+. O.107E-07 O.258E-08

m,x,Pt,dsdpe+ OR e-= 82 0.815 0.81 0.000
#e+ OR e-/inter-p, & /incid-p.. O.643E-O8 O.154E-08

m,x,Pt,dsdpe-1- OR e-= 84 0.835 0.83 0+ 000
#e+ OR e-/inter-p, & /incid-p.. O.313E-08 O.750E-09

m,x,Pt,dsdpe+ OR e-= 86 0.855 0+85 0.000
le+ OR e-/inter-p, & /incid-p.. O.165E-08 O.395E-09

m,x,Pt,dsdpe+ OR e- 88 0.875 0+87 0.000
e+ OR e-/inter-p, & /incid-p+. O+686E-09 O.165E-09

m,x,Pt,dsdpe+ OR e-= 90 0+895 0.89 0.000
4Hp-4- flp -/tnter--p, & /incjd-p. - O+291E-09 O+700E-1O



m,x,Pt,dsdpet OR e- 92 0+915 0.91 0+000
*e+ OR e-/tnter-p, & /incid-p. . U+921E-1O O.221E-1O

m,x,Pt,dsdpe+ OR e-= 94 0.935 0.93 0.000
#e+ OR e-/inter-p, & /tnci-p+ + O.254E-1O O+61OE-11

m,x,Pt,dsdpe+ OR e- 96 0.955 0.95 0.000
e+ OR e-/inter-p, & /incid-p. + O.420E-11 O.1O1E-11

m,x,Pt,dsdpe+ OR e-= 98 0.975 0.97 0.000
#e-1- OR e-/thter-p, & /incid-p.. O.319E-12 O.765E-13

rn,x,Pt,dsdpe+ OR e-=100 0.995 0+99 0.000
#e+ OR e-/inter--p, & /incid-p.. O.132E-14 O.317E-15

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 6 0.055

#e+ OR e-/tnter-p, &
m,x,Pt,dsdpe+ OR e-= 8 0.075

ffe+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 10 0.095

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 12 0.115

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e- 14 0.135

te+ OR e-/inter-p, &
rn,x,Pt,dsdpe+ OR e-= 16 0.155

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 18 0.175

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e- 20 0.195

#e OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 28 0.275

#e OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 30 0+ 295

#e÷ OR e-/inter-p, &
in,x,Pt,dsdpe+ OR e-= 32 0+ 315

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 34 0+ 335

e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 36 0.355

ffe+ OR e-/inter---p, &
m,x,Pt,dsdpe+ OR e-= 38 0.375

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 40 0.395

e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 42 0+415

jke+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 44 0.435

Ite+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 46 0.455

#e÷ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 48 0.475

fre+ OR e-/inter--p, &
m,x,Pt,dsdpe+ OR e-= 50 0.495

e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 52 0.515

#e+ OR e-/inter-p, &
m,x,Pt,dsdpe+ OR e-= 54 0.535

+ OR e-/inter-p, &

/tncid-p.. 0. 105E-03
0.05 2110.006
/incid-p.. 0. 1SSE-03
0.08 877+184
/incid-p+ + O.159E-03 O+382E-04
0.11 411.252
/incid-p. + 0. 139E-03
0+14 215.330
/incid-p. + O.117E-03
0.17 127.414
/incid-p.. O.1O1E-03 O.243E-04
0+20 78+078
/incid-p. . 0 + 854E-04
0.23 47+865
/incid-p.. 0 + 691E-04
0.26 32.354
/incid-p. + O.595E-04 O.143E-04
0.29 20+397

O.112E-04

O.886E-05

O.304E-04 O.730E-O5
6 + 226

/incid-p.. O.243E-04 O.583E05
0.41 3.987
/incid-p. O.181E-04 O.435E-05
0+44 2.682
/incid-p. . O.140E-04 O.336E-05
0.47 1.862

/incid-p..
0.53
/incid-p..
0.56
/incid-p..
0.59
/incid-p..
0.62
/incid-p..
0.65

0. 111E-04 0. 266E-05
1.227

/incid-p. . O.194E-05 0466E06
0.68 0.111

0. 138E-05
0.073
0. 985E-06
o + 050
O+729E-06 O.175E-06
0.032

/incid-p. + O.513E-06 O.123E-06
0.80 0.021
/tncid-p. . 0. 357E-06

thetarad= 0.0075 *************************

m,x,Pt,dsdpe-I- OR e-= 2 0.015 0.02 7771+343
#e+ OR e-/inter-p, &

m,x,Pt,dsdpe+ OR e-= 4 0.035
0. 252E-04

0. 373E-04

o + 333E-04

o 280E-04

0. 205E-04

0. 166E-04

#e+ OR e-/inter--p, & /incid-p.. O.466E-04
m,x,Pt,dsdpe+ OR e-= 22 0.215 0.32 13.301

#e+ OR e-/inter--p, & /incid-p.. O.369E-04
m,x,Pt,dsdpe+ OR e-= 24 0.235 0.35 9+168

e+ OR e-/inter--p, & /incid-p..
m,x,Pt,dsdpe+ OR e-= 26 0.255 0.38

/incid-p..
0.50

O.827E-05 O.198E-O5
0.844
O.639E-O5 O+153E-05
0.557
O.470E-05 O+113E-05
0.379
O.355E-05 O.851E-06
o + 252
O.260E-05 O+625E-06
o + 171

/incid-p..
0.71
/incid-p..
0.74
/thcid-p..
0.77

o 332E-06

0. 236E-06

0 +



in,x,Pt,dsdpe+ OR e-- 56 0.555 0+83 0.013
#e+ OR e-/thter-p, & /incid-p. + O.246E-06 O.590E-07

m,x,Pt,dsdpe+ OR e-= 58 0.575 0+86 0+009
#e+ OR e-/inter-p, & /incid-p. . O.174E-06 O.417E-07

m,x,Pt,dsdpe+ OR e-= 60 0+595 0.89 0.006
#e+ OR e-/iriter-p, & /incid-p. . O.117E-06 O.281E-07

m,x,Pt,dsdpe+ OR e_t 62 0.615 0.92 0.003
tfe+ OR e-/inter-p, & /incid-p.. O.760E-07 O.183E-07

m,x,Pt,dsdpe+ OR e-= 64 0.635 0.95 0.002
#e+ OR e-/inter-p, & /incid-p.. O+S11E-07 O.123E-07

m,x,Pt,dsdpe+ OR e-= 66 0.655 0+98 0.001
#e+ OR e-/inter-p, & /incid-p.. 0342E-07 O.821E-08

m,x,Pt,dsdpe+ OR e-= 68 0.675 1.01 0.001
#e+ OR e-/inter-p, & /incid-p+ + O.217E-07 O.521E-08

m,x,Pt,dsdpe-I- OR e- 70 0.695 1.04 0.000
e+ OR e-/inter-p, & /incid-p.. O.131E-07 O.314E-O8

m,x,Pt,dsdpe+ OR e- 72 0.715 1.07 0.000
#e+ OR e-/inter-p, & /incid-p+. O.819E-08 O.197E-08

m,x,Pt,dsdpe-I- OR e-= 74 0.735 1+10 0.000
#e+ OR e-/inter-p, & /incid-p+. O.510E-08 O.122E-08

m,x,Pt,dsdpe-1- OR e-= 76 0.755 1.13 0+000
#e+ OR e-/inter-p, & /incid-p. + O.293E-O8 O.703E-09

m,x,Pt,dsdpe+ OR e-= 78 0+775 1.16 0.000
#e+ OR e-/inter--p, & /incid-p.. O.161E-O8 O.386E-09

m,x,Pt,dsdpe+ OR e-= 80 0.795 1.19 0+000
#e+ OR e-/inter-p, & /incid-p.. O.892E-09 O.214E-09

m,x,Pt,dsdpe+ OR e-= 82 0.815 1.22 0.000
#e+ OR e-/inter--p, & /incid-p.. O+481E-09 O.11SE-09

m,x,Pt,dsdpe+ OR e-= 84 0.835 1.25 0.000
#e+ OR e-/inter-p, & /incid-p.. O.234E-09 O.561E-1O

m,x,Pt,dsdpe+ OR e-= 86 0.855 1.28 0.000
#e+ OR e-/inter-p, & /incid-p.. O.1OSE-09 O.252E-1O

in,x,Pt,dsdpe+ OR e-= 88 0+875 1.31 0.000
#e+ OR e-/inter-p, & /incid-p.. O+449E-1O O+108E-1O

m,x,Pt,dsdpe+ OR e-= 90 0+895 1.34 0+000
#e+ OR e-/inter-p, & /incid-p.. O.172E-1O O+414E-11

m,x,Pt,dsdpe+ OR e-= 92 0+915 1.37 0.000
#e+ OR e-/inter-p, & /incid-p.. O.544E-11 O.131E-11

m,x,Pt,dsdpe+ OR e-= 94 0+935 1+40 0.000
#e+ OR e-/inter--p, & /incid-p+. O+136E-11 O.326E-12

m,x,Pt,dsdpe+ OR e-= 96 0.955 1.43 0.000
#e+ OR e-/inter-p, & /incid-p.. O.233E-12 O.559E-13

m,x,Pt,dsdpe+ OR e-= 98 0.975 1.46 0.000
te+ OR e-/inter-p, & /iricid-p.. O.181E-13 O.434E-14

m,x,Pt,dsdpe+ OR e-=100 0.995 1.49 0.000
e+ OR e-/inter-p, & /incid-p.. O.709E-16 O.170E-16

thetarad= 0.0100 *************************

m,x,Pt,dsdpe+ OR e- 2 0.015 0.03 6908+767
#e+ OR e-/inter-p, & /incid-p+. O.933E-04 O.224E-04

m,x,Pt,dsdpe+ OR e- 4 0.035 0+07 1662.866
Ie+ OR e-/inter-p, & /incid-p.. O.122E-03 O.294E-04

m,x,Pt,dsdpe+ OR e- 6 0.055 0.11 666.362
#e+ OR e-/inter-p, & /incid-p. + O.121E-03 O+291E-04

m,x,Pt,dsdpe÷ OR e-= 8 0.075 0.15 320.170
#e+ OR e-/inter-p, & /incid-p.. O.108E-03 O.260E-04

m,x,Pt,dsdpe+ OR e-= 10 0.095 0.19 170.202
#e+ OR e-/inter-p, & /incid-p+. O.922E-04 O.221E-04

m,x,Pt,dsdpe+ OR e-= 12 0+ 115 0.23 96+ 956
te+ OR e-/inter-p, & /incid-p.. O.770E-04 O.1BSE-04

m,x,Pt,dsdpe+ OR e-= 14 0+135 0.27 56.916
#e+ OR e-/inter-p, & /incid-p.. O.623E-04 O+149E-04

m,x,Pt,dsdpe+ OR e-= 16 0+155 0.31 34.054
#e+ OR e-/inter---p, & /incid-p.. O.491E-04 O.118E-04

rn,x,Pt,dsdpe-1- OR e-= 18 0.173 0+35 21.136
*e-- OR e-/inter-p, & /incid-p. O.389E-04 0933E-05



m,x,Pt,dsdpe’ OR e-- 20 0.195 0.39 13.119
*e+ OR e-/iriter-p, & /incid-p. + 0+ :*ooE-o4 O+719E-O5

m,x,Pt,dscipe-4- OR e-= 22 0.215 0.43 8.fl.
te+ OR e-/inter-p, & /incid-p.. O.228E-04 O.547E-05

m,x,Pt,dsdpe+ OR e-= 24 0.235 0.47 5.223
#e+ OR e-/inter-p, & /incid-p. O+173E-04 O.416E-05

m,x,Pt,dsdpe-f OR e- 26 0.255 0+51 3.305
je+ OR e-/inter-p, & /incid-p.. O.129E-04 O.310E-05

m,x,Pt,dsdpe+ OR e-= 28 0.275 0.55 2+107
#e+ OR e-/inter-p, & /incid-p. . 0.95Th-OS O.230E-O5

m,x,Pt,dsdpe+ OR e-= 30 0.295 0+59 1.347
#e OR e-/inter--p, & /incid-p.. O.704E-O5 O.169E-05

m,x,Pt,dsdpe+ OR e-= 32 0.315 0.63 0.859
e+ OR e-/inter-p, & /incid-p+. O+512E-O5 O.123E-O5

m,x,Pt,dsdpe+ OR e-= 34 0.335 0+67 0.549
fle+ OR e-/inter-p, & /incid-p.. O.370E-05 O.887E-06

m,x,Pt,dsdpe+ OR e-= 36 0.355 0.71 0+349
e+ OR e-/tnter-p, & /incid-p.. O.264E-O5 O.634E-06

m,x,Pt,dsdpe+ OR e-= 38 0.375 0+75 0.222
#e+ OR e-/inter-p, & /incid-p.. O.188E-05 O.450E-06

m,x,Pt,dsdpe-i- OR e-= 40 0.395 0.79 0.141
#e+ OR e-/inter-p, & /incid-p.. O.132E-O5 O.316E-06

m,x,Pt,dsdpe+ OR e- 42 0.415 0.83 0.089
tte+ OR e-/inter-p, & /incid-p+. O.919E-06 O.221E-06

m,x,Pt,dsdpe+ OR e-= 44 0.435 0.87 0.056
te+ OR e-/inter-p, & /incid-p.. Q.635E-06 O.152E-06

m,x,Pt,dsdpe OR e-= 46 0.455 0.91 0.035
#e+ OR e-/inter-p, & /incid-p.. O.435E-06 O.104E-06

m,x,Pt,dsdpe+ OR e-= 48 0.475 0.95 0.022
#e+ OR e-/inter-p, & /incid-p.. O.295E-06 O.708E-07

m,x,Pt,dsdpe+ OR e-= 50 0.495 0.99 0.013
#e+ OR e-/inter-p, & /incid-p.. O.198E-06 O.476E-07

m,x,Pt,dsdpe+ OR e-= 52 0.515 1+03 0+008
#e+ OR e-/inter-p, & /incid-p.. O.132E-06 O.317E-07

m,x,Pt,dsdpe+ OR e- 54 0.535 1.07 0.005
#e+ OR e-/inter-p, & /incid-p.. O.871E-07 O.209E-07

m,x,Pt,dsdpe+ OR e- 56 0.555 1.11 0.003
#e+ OR e-/inter-p, & /irxcid-p.. O.569E-07 O.137E-07

m,x,Pt,dsdpe+ OR e-= 58 0.575 1.15 0.002
#e+ OR e-/inter-p, & /incid-p.. O.368E-07 O.883E-08

m,x,Pt,dsdpe+ OR e-= 60 0.595 1.19 0.001
e+ OR e-/inter-p, & /irxcid-p.. O+236E-07 O.565E-O8

rn,x,Pt,dsdpe+ OR e-= 62 0.615 1.23 0+001
je+ OR e-/inter-p, & /incid-p.. o.149E-07 O.358E-08

m,x,Pt,dsdpe+ OR e-= 64 0.635 1.27 0.000
#e+ OR e-/tnter-p, & /incid-p. + O.932E-08 O.224E-O8

m,x,Pt,dsdpe+ OR e-= 66 0.655 1.31 0.000
#e+ OR e-/inter-p, & /incid-p+. O.576E-08 O.138E-O8

m,x,Pt,dsdpe+ OR e-= 68 0.675 1.35 0+000
#e+ OR e-/iriter-p, & /incid-p.. O.351E-08 O.842E-09

m,x,Pt,dsdpe-i- OR e-= 70 0.695 1+39 0+000
#e+ OR e-/inter-p, & /incid-p.. O.210E-08 O.SOSE-09

m,x,Pt,dsdpe+ OR e-= 72 0.715 1.43 0.000
#e+ OR e-/inter-p, & /incid-p.. O+124E-O8 O.298E-09

m,x,Pt,dsdpe+ OR e-= 74 0.735 1.47 0.000
#e-I- OR e-/tnter-p, & /incid-p. + O.716E-09 O+172E-09

m,x,Pt,dsdpe-f OR e-= 76 0.755 1.51 0.000
#e+ OR e-/inter-p, & /incid-p+ + O.404E-09 O.969E-1O

m,x,Pt,dsdpe+ OR e-= 78 0+775 1.55 0.000
#e+ OR e-/inter-p, & /incid-p.. O.221E-09 O+531E-1O

m,x,Pt,dsdpe-f- OR e-= 80 0.795 1.59 0.000
e+ OR e-/inter--p, & /incid-p.. O.117E-09 O.282E-1O

m,x,Pt,dsdpe+ OR e- 82 0.815 1.63 0.000
#e+ OR e-/inter-p, & /incid-p.. O.597E-1O O.143E-1O

rn,x,Pt,dsdpe+ OR e- 84 0.835 1.67 0.000
#e+ OR e-/tnter-p, & /incid-p.. O.289E-1O O.693E-11



m,x,Pt,dsdpe+ OR e-= 86 0+855 1.71 0.000
e+ OR e-/inter-p, & /incid-p. CiflE-lO O+314E-11

m,x,Pt,dsdpe-l- OR e-= 88 0.875 1+75 0.0CC
e+ OR e-/inter-p, & /incid-p+. O+543E-i1 O.130E-1J.

m,x,Pt,dsdpe+ OR e-= 90 0.895 1.79 0.000
OR e-/inter-p, & /incid-p.. O+201E-11 O.483E-12

m,x,Pt,dsdpe+ OR e-= 92 0+ 915 1.83 0.000
te+ OR e-/inter-p, & /incid-p. + O.634E-12 O.152E-12

m,x,Pt,dsdpe+ OR e-= 94 0.935 1.87 0.000
#e+ OR e-/inter-p, & /incid-p+. O.156E-12 O.374E-13

m,x,Pt,dsdpe+ OR e-= 96 0.955 1+91 0.000
te+ OR e-/inter-p, & /incid-p.. O.252E-13 O+606E-14

m,x,Pt,dsdpe+ OR e-= 98 0.975 1.95 0.000
te+ OR e-/inter-p, & /incid-p+. O.172E-14 O.412E-15

rn,x,Pt,dsdpe+ OR e-=100 0.995 1+99 0+000
#e+ OR e-/inter-p, & /incid-p.. O.564E-17 O.135E-17

thetarad= 0.0125 *************************

m,x,Pt,dsdpe+ OR e-= 2 0.015 0.04 6046.190
#e+ OR e-/inter-p, & /incid-p.. O.817E-04 O.196E-04

m,x,Pt,dsdpe+ OR e-= 4 0.035 0.09 1271.976
ite4- OR e-/inter-p, & /incid-p.. O+936E-04 O.225E-04

m,x,Pt,dsdpe+ OR e-= 6 0.055 0.14 407.863
#e+ OR e-/inter-p, & /incid-p.. 0.7411-04 O.178E-04

m,x,Pt,dsdpe+ OR e-= 8 0.075 0.19 183.011
#e+ OR e-/inter--p, & /thcid-p.. O.618E-04 O.148E-04

m,x,Pt,dsdpe+ OR e-= 10 0.095 0.24 90.228
#e+ OR e-/inter--p, & /incid-p.. O.489E-04 O.117E-04 +

m,x,Pt,dsdpe+ OR e-= 12 0.115 0.29 47.646
#e+ OR e-/inter-p, & /incid-p.. O+378E-04 O.908E-O5

m,x,Pt,dsdpe+ OR e-= 14 0.135 0.34 26.789
#e+ OR e-/inter-p, & /incid-p.. O.293E-04 O.704E-O5

m,x,Pt,dsdpe+ OR e-= 16 0+155 0.39 15.897
#e+ OR e-/inter--p, & /incid-p.. O.229E-04 O.550E-05

m,x,Pt,dsdpe+ OR e-= 18 0.175 0.44 8.671
#e+ OR e-/inter--p, & /incid-p.. O.159E-04 O+383E-O5

m,x,Pt,dsdpe+ OR e-= 20 0+ 195 0.49 5.058
#e+ OR e-/inter-p, & /incid-p.. O.115E-04 O.277E-05

m,x,Pt,dsdpe+ OR e-= 22 0.215 0+54 3.106
fre+ OR e-/inter--p, & /incid-p.. O+862E-O5 O.207E-O5

m,x,Pt,dsdpe+ OR e-= 24 0.235 0.59 1.736
#e-1- OR e-/inter--p, & /incid-p.. O.576E-O5 O.138E-05

m,x,Pt,dsdpe+ OR e-= 26 0.255 0.64 1.021
#e+ OR e-/inter-p, & /incid-p+. O.399E-O5 O.957E-06

m,x,Pt,dsdpe+ OR e-= 28 0.275 0.69 0.629
ffe+ OR e-/inter-p, & /incid-p.. O.286E-O5 O.686E-06

m,x,Pt,dsdpe+ OR e-= 30 0.295 0+74 0.384
#e-1- OR e-/inter-p, & /incid-p.. O+201E-O5 O.482E-06

m,x,Pt,dsdpe-1- OR e-= 32 0.315 0.79 0.219
#e+ OR e-/inter-p, & /incid-p.. O+130E-05 O.313E-06

m,x,Pt,dsdpe+ OR e-= 34 0.335 0.84 0.126
e+ OR e-/inter-p, & /incid-p.. O.BSOE-06 O.204E-06

m,x,Pt,dsdpe+ OR e-= 36 0.355 0.89 0.075
#e+ OR e-/inter-p, & /incid-p.. O.569E-06 O.136E-06

m,x,Pt,dsdpe+ OR e-= 38 0.375 0.94 0.045
#e-1- OR e-/inter-p, &/incid-p. . O.379E-06 O.910E-07

m,x,Pt,dsdpe+ OR e-= 40 0.395 0.99 0.027
te+ OR e-/inter-p, & /iricid-p. O.250E-06 O.599E-07

m,x,Pt,dsdpe-l- OR e-= 42 0.415 1.04 0.015
ffe+ OR e-/inter-p, & /incid-p.. O+159E-06 O.381E-07

m,x,Pt,dsdpe+ OR e-= 44 0.435 1.09 0.009
e+ OR e-/inter-p, & /incid-p+. O.103E-06 O.246E-07

m,x,Pt,dsdpe-4- OR e-= 46 0.455 1.14 0.005
e+ OR e-/inter-p, & /incid-p+ + O.664E-07 O.159E-07

rn,x,Pt,dsdpe+ OR e-= 48 0.475 1.19 0.003
&e+ OR e-/inter-p, & /tncid-p. . O+426E-07 O.102E-07



m,x,Pt,dsdpe÷ OR e-= 50 0.495 1.24 0.002
=e+ OR e-/inter-p, & /incid-p.. O.262E-07 O+629E-08

m,x,Pt,dsdpe-1-OR e-= 52 0.515 1+29 0.001
e+ OR e-/inter-p, & /incid-p.. O.163E-07 O.392E-O8

m,x,Pt,dsdpe+ OR e-= 54 0.535 1.34 O.Oü
#e+ OR e-/inter-p, & /incid-p.. O.1OSE-07 O.253E-08

m,x,Pt,dsdpe4- OR e- 56 0.555 1.39 0.000
e+ OR e-/inter-p, & /incid-p.. O.652E-08 O.157E-08

m,x,Pt,dsdpe-I- OR e-= 58 0.575 1.44 0.000
*e+ OR e-/inter-p, & /incid-p.. O.402E-08 O.964E-O9

m,x,Pt,dsdpe+ OR e-= 60 0+595 1+49 0.000
e+ OR e-/inter-p, & /incid-p.. O.247E-08 O.592E-09

m,x,Pt,dsdpe-t- OR e-= 62 0.615 1.54 0.000
#e+ OR e-/inter-p, & /incid-p+. O.157E-OB O.376E-09

m,x,Pt,dsdpe+ OR e-= 64 0.635 1.59 0.000
e+ OR e-/inter-p, & /incid-p.. O.951E-09 O+228E-09

m,x,Pt,dsdpe+ OR e-= 66 0.655 1.64 0.000
#e+ OR e-/inter-p, & /incid-p. + O.563E-09 O.135E-09

m,x,Pt,dsdpe+ OR e-= 68 0.675 1.69 0.000
#e+ OR e-/inter--p, & /incid-p.. O.339E-09 O.814E-1O

m,x,Pt,dsdpe+ OR e-= 70 0+695 1.74 0.000
#e+ OR e-/inter-p, & /iricid-p.. O.208E-09 O.SOOE-1O

m,x,Pt,dsdpe-f- OR e-= 72 0.715 1+79 0.000
He+ OR e-/inter-p, & /incid-p.. O.121E-09 O.290E-1O

m,x,Pt,dsdpe-i- OR e-= 74 0.735 1.84 0.000
e+ OR e-/inter-p, & /incid-p+. O.667E-1O O.160E-1O

m,x,Pt,dsdpe+ OR e-= 76 0.755 1.89 0.000
ie+ OR e-/inter-p, & /incid-p.. O.380E-1O O.912E-11

m,x,Pt,dsdpe+ OR e-= 78 0.775 1.94 0.000
*e+ OR e-/inter--p, & /incid-p. + O.215E-1O O.516E-11

m,x,Pt,dsdpe+ OR e-= 80 0.795 1+99 0.000
e+ OR e-/inter-p, & /incid-p.. O.112E-1O O.269E-11

m,x,Pt,dsdpe+ OR e-= 82 0+815 2+04 0.000
#e+ OR e-/inter--p, & /incid-p.. O.548E-ll O.132E-11

m,x,Pt,dsdpe-1- OR e-= 84 0.835 2.09 0.000
#e+ OR e-/inter-p, & /incid-p.. O+267E-11 O.641E-12

m,x,Pt,dsdpe-4- OR e-= 86 0.855 2.14 0.000
e+ OR e-/inter-p, & /incid-p.. O.124E-11 O.298E-12

m,x,Pt,dsdpe+ OR e-= 88 0.875 2.19 0.000
ne-f- OR e-/inter-p, & /incid-p.. O.SOSE-12 O.121E-12

m,x,Pt,dsdpe+ OR e-= 90 0.895 2.24 0.000
#e+ OR e-/inter-p, & /inci&-p. + O.182E-12 O.436E-13

m,x,Pt,dsdpe+ OR e-= 92 0.915 2+29 0.000
#e+ OR e-/inter--p, & /incid-p.. O.572E-13 O.137E-13

rn,x,Pt,dsdpe+ OR e- 94 0.935 2.34 0.000
He-1- OR e-/inter-p, & /incid-p.. O+142E-13 O.341E-14

m,x,Pt,dsdpe+ OR e-= 96 0.955 2+39 0.000
#e+ OR e-/inter-p, & /incid-p.. O.238E-14 O+572E-15

m,x,Pt,dsdpe+ OR e-= 98 0.975 2.44 0.000
ite+ OR e-/inter-p, & /incid-p.. O.186E-15 O.447E-16

m,x,Pt,dsdpe-1- OR e-=100 0.995 2.49 0.000
e+ OR e-/inter-p, & /incid-p. + O.740E-18 O.178E-18



Superconducting Super Collider
Laboratory

2550BeckicymeadeAvenue
Mail Stop 1091

Dallas. TX 75237-3946
214 708-1047* FAX 214 708-0005

August 22, 1991

Mr. JohnM. Albrecht
AssistantChief
Office of PatentCounsel
ChicagoOperationsOffice
U. S. Departmentof Energy
9800S. CassAvenue
Argonne,IL 60439

Re: Requestfor PatentClearancefor ReleaseofUnclassifiedDocuments:
SSCL-N-768

DearMr. Aibreclit

Enclosedpleasefind theabove-referenceddocumentfor patentreviewat yourearliest
convenience.I would appreciateyourreturningthis documentto meatMail Stop 1091.

Thankyou for your assistance.

Sincerely,

Mary Wasserman
Legal AdmixñsiradveAssistant

1mw

Ends.


