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Executive Summary of F.A.D. Meeting at SSCL 
March 13-14, 1992 

F.A.D. Organising Committee: 
J.D. Bjorken, P.N. Burrows, J.P. Venuti, A.W. Weidemann 

1.1 Introduction - Fred Gilman 

16 March 1992 

We were delighted that Fred Gilman was able to open the meeting with welcoming remarks and a 
brief summary of the status of the SSC project. 

1.2 Civil Construction - Tim Toohig 

Toohig reported that Robbins has been contracted to bore a 2. 7 mile section of tunnel on the W 
side (this is the 'F.A.D. side'), at a cost of around Sl8M. The design group is studying the bypass 
section for IR-1; this is a± lkm section around the J.P. A tunnel diameter of 17 feet is needed at 
the beam separation point. This may well have to increase to accommodate service installations 
(cryogenics etc.), but the case for any further increase in size for a detector will have to be made 
very strongly, within about 6 months. Current plans are for a magnet delivery shaft several hundred 
metres upstream of the I.P. at m.-1, which could well have to serve as an installation shaft for the 
detector components; IR-1 is 150 feet below ground. 

2. Physics I 

2.1 Rapidity Gap Physics - Dieter Zeppenfeld 

Zeppenfeld considered the processes: 

• pp - N N w+w-
• q q - q q H, H - bb 

In the first case, for a central (I'll < 3) two-photon system, the cross-section is about 0.3 pb. In 
the second case, in the absence of rapidity gaps rejection of background events at the 99.53 level 
appears to be needed. Zeppenfeld was pessimistic regarding the observability of the latter mode, 
even including the gap-plus jet signatures. Bjorken was more optimistic, but another round of 
calculation is needed. 
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2.2 Rapidity Gap Physics - J. D. Bjorken 

Bjorken gave an outline of the principles of F.A.D. He went on to describe flagship physics topics 
as presented in seminars to others, especially finding a 1 TeV-mass Higgs using the rapidity gaps 
plus jets signature. The claim is that this is so easy and clean that even a FAD could do it. 

2.3 Event Simulation - Gary Greenbaum 

Event signatures of the texture of a rapidity gap plus edge have been carried out using Lepto 5.2 
(for proton fragmentation at HERA). They agree with expectations. Some Higgs decays to W-pairs 
were also shown. 

3. Detector Issues 

3.1 The Detector - Bjorken 

Bjorken outlined the milestones for putting together candidate detector architectures, insisting on 
bottom-up thinking. They include in sequence, laying out the lOOm-lKM region, then the beam-
pipe and wall layout, tracking , and finally the magnetic layout (with countless iterations). He 
also presented ideas (and a central detector model) for an inexpensive (June-July) level-0 detector 
based on a lego pixel size of 0.7x 0.7 and body-centered cubic symmetry. 

3.2 Interaction with Machine Lattice - John Venuti 

Venuti discussed machine lattice considerations for a Full Acceptance Detector. He discussed the 
problems concerning dispersion matching with the ma.in lattice and the solution posed by the SSCL 
machine lattice group. He emphasized that none of the current plans are firmly established and 
that we should begin to establish a set of parameters best suited for a F.A.D. and try to get the 
SSC to implement them. The major issues to be considered in cooperation with the machine lattice 
group are: the distance from the IP to the first set of focusing quadrupole magnets, the aperture of 
the magnets, the configuration of the SSC dipole cryostat, and the options for dispersion matching. 

2.3 Backgrounds I - Nikolai Mokhov 

Mokhov briefly outlined some of the issues involved in considering backgrounds from the accelerator, 
including beam halo, beam loss and radiation. He has sophisticated codes at his disposal to do the 
calculations. F.A.D. should decide what levels it can tolerate near the beam a.xis in the downstream 
region and let Mokhov decide if the goals are feasible. 

3.3 Backgrounds II - Achim Weidemann 

Weidemann summarized various sources of background. One of the potentially more serious ones 
comes from showers started at inner edges of detector elements. As an example, he showed the 
distribution of particles 15 m downstream generated by 500 GeV photons or electrons incident on 
the edge of a 30 Xo lead block, using EGS4. 

This should also be studied with hadronic codes. 
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He also showed lego plots for 1000 events of the Minimum Bias Rockfeller generator. 

3.4 Beampipe - Wayne Vernon 

Vernon gave a summary of generic problems confronting the design of an F.A.D. beampipe. 

4. Physics II 

4.1 QCD Physics - Leonid Frankfurt 

The subject of hard and semihard diffraction was reviewed by Frankfurt. The accompanying notes 
are very explicit and readable and you are urged to peruse them. The ideas are relevant to recent 
data on hard diffraction by Schlein et al., and one can expect clarification of this difficult physics 
issue in the very near future. 

4.2 Inclusive Neutrons - Larry Jones 

Jones motivated study of the process p p - n + X. From fixed target experiments every fourth 
proton is expected to give rise to a neutron. 

4.3 Forward-Physics Ideas - Bill Walker 

Walker presented {1) data supporting a long mfp for quarks in nuclear matter, {2) an appeal for a 
pi-pi collider, tagging on one-pion exchange, and {3) a search for exotic colorless objects produced 
as beam fragments in inelastic diffraction events. 

4.4 The L.P.M. EfFect - Steven Strausz 

Strausz described the Landau-Pomeranchuk-Migdal Effect, whereby photon emission by an electron 
traversing nuclear matter is suppressed at very high energies. Inconclusive measurements exist from 
cosmic ray experiments, but a demonstration may be possible at SSC. Strausz also made the point 
that the SSC c.m. energy is equivalent to a PeV proton striking a stationary target, i.e. the possi-
bility exists to measure cross-sections which are currently accessible only to cosmic ray experiments. 
Better understanding of these cross-sections will help cosmic ray physics tremendously. 

4.5 Cosmic Ray Physics - Gaurang Yodh 

Yodh continued the connection with cosmic rays by outlining some interesting observations made 
in that field over the past two decades. These could be tantalising glimpses of new physics, or they 
could be peculiar fluctuations which are as yet not understood. 

Yodh also showed results of simulations of minimum bias events by Bob Ellsworth, who wa8 
unable to be present. Ellsworth calculates that a detector wall of radius 15 cm at 1 km from the 
I.P. would receive an average of 1 photon per event of energy above 1-2TeV. A similar study for 
the number of neutrons is under way. 
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5. Possible Overlap with b Physics 

5.1 The BCD Experiment - . George Kalbfleisch 

Kalbfleisch briefly presented the case for ab physics detector at SSC, the aim being to get at CP 
violation. He outlined the BCD detector proposal (E.o.I - 8) which occupies the central region 1111 
< 5.5. With a luminosity of 1032 the claim is that BCD could reach precision on the unitarity 
triangle comparable to 10 years of running at a b-factory. For BCD the design of the trigger is 
seen as a critical path item. Kalbfleisch stated that whilst it is not obvious that BCD could form 
the central section of the F .A.D. detector without compromising the b physics programme, he is 
willing to do further study on the idea of integrating the two detectors. 

5.2 A Forward Spectrometer for b Physics - Freddy Fridman 

Fridman and his group are considering the design of a forward spectrometer with coverage for 
charged particles in the region 2.5 ~ 1111 ~ 5. They hope to arrive at conclusions on the feasibility 
of the project in time for the SSC b physics symposium in October. 

5.3 A Forward Spectrometer for b Physics - Jerry Rosen 

Rosen outlined a sophisticated forward spectrometer with price tag to match. He assumes there 
will be no extracted beam for a fixed target and is considering a gas jet target. He is investigating 
staging the installation to ease the financial contraints. 

5.4 A Collider Mode b Detector - Peter Schlein 

Schlein described a two-arm spectrometer for b physics in colliding beam mode. Trials of a Si 
vertex detector at the CERN pp collider were very successful. Current thinking is to operate the 
detector at LH C. 

6. Discussions 

The following important issues were raised in the discussions: 

• The need for hadronic calorimetry (Al brow). 

•Venuti will ask the lattice design group for a luminosity of 1032 and a central space of> lOOm + 
lOOm and wait for their reaction. 

• Should we put together an E.o.I. and ask TNRLC for funding for travel and R.&D. in time for 
the November 1 deadline? (Strausz, Jones) 

... 

-

-

-

-

• Albrow, Yodh and Goulianos requested up-to-date drawings of the current lattice design around -
ffi-1. Venuti will try to get them. 

Next Meeting: April 16-17 in Madison 
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Appendix II: Future Meetings/Woz'kahopi: .. Ir. I. _,. 

• April 13 - 15 1992: SSC Physics Symposium, Madison, Wi. 
Contact: Linda Dolan, SSCSYMP 0 WISCPHEN 

___ ·,_ ... -. .·"!...· .. ---·· ~ 

•June 21 - 27 1992: it" International Symposium on Very High Energy Cosmic Ray Interactions, 
Ann Arbor, Mi. 
Contact: USERHHY3 0 UMICHUB 

•July 1992: Workshops a.t Rocky Mountain Detector Center, Boulder, Co. 

Session 1: 5 - 11 July 1992: Detector Performance at High Luminosity. (J. Rutherfoord, J. Brau, 
M. Sites) 

Session 2: 12- 18 July 1992: Cha.rged Particle Tracking for Advanced HEP Experiments. (W. Ford) 

Session 3: 19 - 25 July 1992: Performance of Muon Tracking and Triggering in SSC Detectors. 
(U. N auenberg) 

Session 4: 26 July - Aug. 1 1992: The Structure, Scattering and Multi-particle Production of 
Hadrons at the SSC. (P. Carruthers) 

Contact: Karen Lubatti, Univ. of Arizona, (602) 621 4271. 

• (Tentative) September 16-18 1992: Full acceptance physics, Fermilab. 
Contact: Alan White, ARW 0 ANLHEP 
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The Vocabulary of LEGO 
A Review: 

Phae Space: 
•= azimuthal angle relative to collision axis 
Pt: magnitude of momentum transverse to collision axis 
11: psuedo-rapidilyll-ln (tan8/2) 

1. Final state particles are distributed uniformly in 11 and 
• and sharply center about <Pt>. (Extended lego plot 
needed for QCD jets. ) 

2. Convenient longitudinal Lorentz boost properities; · 
facilitates transformation to fix target frame. 

3. Area Element-c111d• is proportional to phase-space 
area•PtdPtd~'l 

Vocabulaiy: 
1. Jet: all particles within a circle of radius :1 in a lego 

plot and whose total Pt exceeds some threshold. 

2. Rapidity Gap: regions of 11 in which no particles are 
found. Characteristic of diffractive physics processes~ 

3. Tagging Jet: a jet located at edge of rapidity gap. 
Represents the hadronized initial-state quarks that 
emitted virtual interacting particle (e.g. 
W ,z,l'omeron,etc.) Pt-q 
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Future Work 

1. Use pattern iemgnition and/ or traditional jet finding 
algorithms to locate jets in lego plot. 

2 • lnvestipte internal jet structure in an extended 1ego plot (Le. 
Jets within Jets) 

3. Statistically analyze leakage of particles into rapidity ppe 
and d~ ~~ '?f ra~edge. 
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What are the Key Issues? .. 

• Dispersion Matching 

-
• Where does the first Calorimeter wall go? 

-
• What is the diameter of the Quads? 

-• What is the highest luminosity achievable? 

-
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,·. The ' 

VII International Symposium 

on Very High Energy 

Cosmic Ray Interactions 

Ann Arbor, MI June 21-27, 1992 

(A continuation of a biennial series begun in 
1982 which has met in Nahodka, LaPaz, Rio 
de Janeiro, Tokyo, Beijing, Lodz, and Tarbes) 

Primary objective: 

to bring together accelerator and cosmic 
ray people to attack and seek resolution to 
common problems in particle physics at and 
above a Te V cm. 
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\ 
COMMENTS ON RELEVANCE TO COSM[C ·RAYS OF FAD 

Gaurang B.Yodh 
S111t1LAr10A1 Sf'ILD1 

INTERACTION MODEL DEPENDENCE 
OF SOME SHOWER PARAMETERS 

Strong Dependence on Scaling Violation at ·Large x 
•, 

• Model F-YOO Fixed interact.ion lengths and .Scaling in x 

• Model M-YOO Decreasing l.- and scaling in x 

• ..,_ Mocael M-FIO Decreasing Atnt and Violation so scaling in x 

• Model M-F(i)l Decreumg Aint and Violation.:! sc~g in 
x and Charge exdaange added in pion and kaon collisions. 

• Model R-F01 M-ore ra.pidly Deoeasing Aini and Violation 
of scaling in x a.ad CWge exclwige added in pion and 
bon collisions. 

Problem ([)If treating Nucleus-Nucleus Interactions 
• Use S111.perpc1>sirtiea. Medel 

• Use more ~sticaited model. e.g. Gaisser et al. 
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'!'able 1 

Model r·TDD 
I 

I Model ~-TOO I 

'---------------------' ----------------- ----------------------. I Mean fret paiba for 
ia.el11tic 
iat1rac:tion 

Energy•indt~ndenta 
nucleon11 75 9/ca• 
pionaa 110 9/CJA' 
kaonaa lJO 9/c:a' 

I Belov 1 t'eV ·I 
I .nuc:.leonsc '84 g/c:ra• I 
I pions,a.ons: 117 g/cm• I 
t M>ove · l TeV I 
t ~(E• • C.../(l•,0383•1.n £) I t . . I 

----------------- ---------------------- ·I 
laela~iicitJ Unifora in (0,1) lor ftYCleons •n4 ;(l/3,l) for raesons I 

----------------- ----------------------------------------------' 1aclu1iv1 Ener,y•in4ependent1 
Ci1tributiona in 1calan4 1atrtp01atien •( 
a• l/E(lnteractionJ the l&a .. ,. 
fM 11co•rl11 

I 
1 Belov l ~•V as YOO: 1bove;~ 
I t•he C.uncdon.i sh1pe is I 
~ unchan;ed, ·~ut the 1c:1lt I 
·I a•v•1ue decn1H1 1s UI I 
• l/El int l' I 

----------------- ----------------------· I i I 
Q.arged piona 
lleutral piona 
CMrged k1on1 
lfcwtral ~aou 

4 eciov 1 TeV as YOO: 1bove:I 
I U\e &C'•ci·ions of k1ons and 
• ae~tr•a .piona incre1se 
e •i'*' energy, r·eac:hing at 
I u:.v 6. '' (••ch> encl I IJ.1,.· ... apectiv1ly 

----------------- ----------------------·-----------------------Curvie eiac:Mn9e of llOfte U.e. 'M leading ,.rcicle 'e1ner;ing 
aa iaierM:ti"9 aesonl iacer.ction i• •lw111 idea,&c.1 ~n kind 

I iaierec:tiing one) 

-----------------'-----------------------------------------------' Traufti'M acaaenta I Sff Ula icr•lnant a..re. • 
I lOftCJitwl-Waai &AS properti•• 

-----------------·----------------------------------------------
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Ga&~-7 

REMARKS 0 rl ·co'""'$ I TION 
b~ COS"' IC fl R'/S 

· · 1+1t1r> ~co E~ 

• It is important to know the energy de-
Eendence of the interaction length or P-
p cross section at 40 Te V . 

• The energy scale for the highest energy 
cosmic ray experimemts , even if they are 
of single species, cami. vary by as much as 
1.4 GeV /particle ta 1.-8 GeV /particle at 
~hower1maxilllum.~!1e difference increas-
mg at. arger dept.ws. . . 

~ Mass sensitivity does depend on the model 

12 - 7 



• Above 10 Ee V it is es~ential tq knQw 
the nature ot the particle initiatmg t!b.e 
shower. Can one tell the differeQ.~ be- '2 
tween a gamma or proton initiated shower • 
I Can one tell ~ and 'Y from iron .initi-
ated shffower ? . The latter alwoul~ be ex-pected-: cosm.Ic rays are g act1c. 

• Showers propagation depends on the shape 
of the x distribution at large x . It of 

. course depends ~n the inelast!icity. End 
cap calonmeter m FAD could measure 
the product!o!'l of ne11.111t~a! particles a~. very 
large x. This is shown. m figures that fol-
~w , 
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SIMULATION OF MINIMUM BIAS EVENTS 
Regions of XF and Pt accessible to a FAD Wall Calorimeter 

by Robert Ellsworth 

• Two different con.figurations for wall Calorime-
ter used: 

- 45 cm lateral dimension 

- 15 cm lateral dimension 

- For 45 cm Three energies: [SR, Tevatron 
Collider, SSC · 

- For 15 cm Only SSC energy 

12 - 13 
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Remarks on the Results: 

- Model was a previously used model for Cos-
mic Ray simulations caJied BANG2 

- Table 1 compares simulation with experiment: 

- Some observations: 

•The averag_~ charged multiplicity for '1 < 
3 at 1.8 TeV compares well with observa-
tions, so does the maximum rapidity den-
sity for charged particles. KNO se-aling is 
reproduced. 

• Change in invariant pi-zero cross section 
is seen in going from 63 Ge V to 40 Te V. 

• Distributions of XF for 1'S with psuedora-
pidity '11 > 8.4 are shown. .Also shown 
are the distributions for gammas hitting 
a detector at 1 Km of 45 cm and of 15cm 
transverse size. 

• Detected x values go to rather small x s 
with low PtS. 

• For a 45 cm detector:.< Pt >= 173MeV 
for Triggered "Y s whose average number 
was 2.8 and an energy deposit of 1.7 TeV. 
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FIG 2 XF gammas 
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Central or Forward? 

• Central: JqJ < 1.2 --1.5 ·· 

Low P·=> poorer secoildary·,vertex resolution. 

Solenoid .-or dipole? 
. .. 

Solenoid is~·poor·-ma.tch-:to r;.·>~.5~ 
"'. . . 

'fr8cking, Pt :.trigger: ~ier1in solenoid.· 

20%· loss-~or :az;mu.tli m· ·Central.dipole. 

• Forward: 1.2 < '1. <: 5.5 

Detectors·more ·acces_sible,· =>cheaper~· 

VerteX detector·Qn use·diskS oiily. · 

Interactions in· ·beam. pipe are·· troublesome. 

Good momentum analysis· via. central dipole. 

-

-
... 

-

-

-
-

Compensating·dipoles ::> n<? net kick for 1'71 > 5.5. -

-
2 
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1Mh 2: The minimum valuei of 1in 2rp, re1olwWe ~ three standard deviations in .10' aec o( 
."9l•lng at luminosity of 1012 cm-118c-·1in a.'1 sso· ~~riment covering 1.2 < .,, < 5.5. 

Angle Mode Tag Tagged: 1-·2, 6 m, D sin 2tpmin,36 
Events 

Y't B3-. J/.,PKJ e:I: : 9,600 0.60 0.1 0.7 , 0.47 0.11 
' I 

K* 
I 

Y't B~-+ J/.,PKJ 73,000 0.40 0.1 0,7 0.47 0.066 
~ Y'2 B3-+ ,..+,..- e:I: 40,000 0.60 1~0 0.7 0.47 0.076 
~ 

x:1: ·301,000 ' to (11 C,02 B3-+ ,..+,..- 0.40 047 0.47 0.041 
'Pa Bo_. po Ko e* 267 10.60 1.0 :-"'I 10 0.64 0.68 ' s I 

Bo_. po Ko g:1: . ' 

~!10 0.64 V'a .2,aoo· 0.40 1~0 0.34 ' s o· , .. · ' ' 

'Pa B0 -.. K+K- e* 11,000 . ·.eo "V ~.'r, · N il.O 0.64 . 0.27 ' .K~ • ' I 

~ h.1 cp3 B0 --. K+K- 9,200 0.40 ~10 0.64 0.12 • 
cp4 s: .... J/1/Jt/J Kr 107,000 0.4'0 ~ 0.1 ~10 0.64 0.039 



Table 1: Update or Table 11 or the BOD IOI to include a K ....... The minimum vaha• 
of. 1i~ 2.,, reaoln.ble to three 1tandarcl Htla'&l~a11 in 10' 1ee of sinlla1 at l11mino1ity oC 10" 
cm-~1ec-1 •. The £actor 1- 2P. i1 the an~ po•er o£ the '• Wdt •u a probability p for 
a wrong tag. ~ i1 the backgmund to llpal f°' the. final-1tate .11 .. utndlon. The dilution 
factor D due to mixing is ginn by. ~1 coth(9'/2•,)/(1 + e:) . . 

Angle Mode Tag Tagged 1~2,· 6 .. 0 ·~ Eveni1 -.... BJ-+ J/t/JKJ 'e:.I: . ST,600 ·~· 0.1 t.T 0,4T O.Nf c.o \01 
I . '· 

"' O> \01 s0 -+ J /1/IK° K:f: 440,000 9,40 0.1 0,47 0.02T rl s ' 
B~ .:-+ w+ ,..- . e:.I: . 

., I 

tp2 .· 240,000. 0.80 1.0 ..1 0.47 0.031 
~· '. . 

. \02 B'-+ ,..+,..- g:.t: 1,840.0Cll . . O~O 1.o '·' 0.47 0.017 : rl 
l.O tpa s:-+ p~KJ e:l 1,eo- MO· -.,1• 0.84 0.28 , . . 

\03 B0 -. p°K0 i<* 14,oob 0.40 l.O ,., 10 o.84 0.14 . ' 
\03 so·-. K+K-, e• 6,2~0 0-0 ~-0.l "" 10 0.64 0.11 
tp3 . so·~ K+K-, . IC* S.1,200 OAO ""' 0.1 ""'10 0.64 0.05 
\04 . s: -+J/¥; K* "°•oqo OJ&O .., 0.1 ~'10 0.64 . 0.016 

• c c c 



-
T.W. I: TM eeasitirity of an asymmetric e+e-
c:iol&der to lin 2cp1 at 3-cr statistical significance via 
&he decay B3 -+ J/,PKj. A 'year' consists of 101 

sec. The BCD sensitivity is 0.03 (0.07 for Phase 
I) in one year of running. 

Running Time (Years) 
1 3 10 

IOU 0.48 -0.28 0.15· 
3 x 1033 0.28 . 0~11 · 0.09 . 

JOS" . 0.15 I.GI - . 0.05 

. - . 

Table:·4: ·The· ieiiiitivity or-an &symmetric e""•-
collider to-sin 2v>J at ~O" 1tatiaticaT aigilificance 'ti& 
the deca1-BJ .... W.+.-. The-· Ben· senaitivjJl 1a _ 

0.0210!04 foi Paue IJ. in _o~_year 01 .running._ 

£, Runniagj'ime. (Ye.ars): 
cm-2sec-1 l -3 -10-

1033 0.61 0.35 · o:i9 
- -
3 x 1033 0.35 0.20 0.11 

1034 0.19 0.11 0.06 
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Summary 

• Hadron colliders are the best B-factory invest-

• A dedicated B-physics experiment .at FNAL could 
te comparable t9 one at an e.,..e- ccillider. 

. . 

• 'llae SSC promises ·statistical ··p.ower ~ 10 · times 

~ of FNAL or «+E - • 

• .l Ph&Se J, $501\l~~erim@.t at. the SSC 1tm·lies · 
·· ... lactor -or ·3 statl&tical advant~ge over tlfALOr 
#c-. 
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BCD Program in 1091-1993 

• Design lower-cost collider detector {"' $50M) . 
. -

1. Naive scaling: 

Acceptance for both B'~ -"" (aq)~...N-_(cost)2 • 

. =>learn how to do-~better. . . 
. 

2. ll.f/ = 3~t SSC.,..., t,··= lOS'-at e+e~ collider •. 

3. Initial. configUr~tion: central, IDtermediatej __ 
. - -~ . . d' ....... ···-.··. -· or rorwar . 

4. Preserve option to expand after successful.P~ I. _ 

•R&D 

1. Silicon vertex deteetor • 
. . 

2. Straw-tube tracking. . 

3:. Hadron-ID.-

4. Onl~ne ·p~allel CO!Jlpl).ter f~ (tdgge.:r;;-pAQ}_ 

13 - 9 



Silicon Detedor Beam Tests 
Iowa State U. - U. Oklahoma - Yale U. 

• Study position resolution "'· angle of incidence. . . . 

-

• Results on resolution ..L to track: 
11 

14 
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J • 

4 

2 

• a 

TH'f ~ FALL 1991 
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A Silicon Vertex Detector 
with Interleaved Disks and Barrels 

Fermilab-Langston U.-U. Oklahoma-Princeton U. 

• Hexagonal modules with ·spiral cooling path. 
. I I 

I'·. I I 
I · 1, I 

I I I ., 
' I I I ' 

-~-··. 4'-4- ·. • 
I I ; 11 

I I 

1
. I Tl 

I I I - i---~· 
I I I 

I 1 t I 

11 J I 
I I I 

I I I 

• Custom silicon-strip detectors from two 4" wafers. 

c 
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This illustrates the cas1c idea of the decay 
track definition. 

(i) 3 co1:1iz1ear bits point.me to the decay 
recion. 

@ Hits deleted il 2 or more of them 
plus tarcet coord.mates are collinear 
i.e. Suppress pnma.ry 'ftrteZ bits fer 
tzi&&er p~ 

7£m ezit.ry 
bitai! ·1-·· 
they come i 

. from taraet 

~ 
t- 20 cm --: 0.3 ::.. 

decay 
rqlcll 

TR,..__c~,

Q" ~~RP\ N\ S. 

0.6 m 

f N 

~'t>'-'C.\P\K.)' ?~C~~R TIM~ 

0.9 m 

~ f'+'\C. I EN C..'t W •LL ~€_ V~ R.. "j 
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Figu~ 1. Beam Halo Rate Due ao pp-Collisions and Beam-Gas Scattering Versus Discancc from &he Beam 
Ccnlerline (from Reference 15). 
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Figure 3. The SSC Beam Loss Scenario. 

S.O SCRAPING AND MATERIAL CHOICE 

A beam scraping system must minimize beam loss in the machine throughout the cycle. form 
the required transverse emittance before the collisions. and save this emittance during the whole 
collidcr run. Such a system should be capable of intercepting a high halo rate and absorbing most 
of its energy with minimal effect to the downstteam equipment and IP. Most of the above beam 
halo particles have to be ttappcd with a scraper at a distance from the beam axis .ro. which defines 

the minimum machine apenurc (Figure 4). To inlCl'CCpt promns with the large amplitude one needs 
to put the scraper in the region with the largest ~-function. To trap off-momentum prou>ns a non-
zero dispersion at that position is required to provide .d = 1J ilplp -o (Figure 4). The primary .ro 
is chosen to be 1 Oa (see Tables 2-S and Reference 6). To provide favorable experimental 
conditions. according to Fermi1ab' and CERN' experience. this disiance should be as small as 6a 
or even less (3a). This can be achieved by moving the beam slowly with some velocity in the 3-
lC>a range with the simple bump-magnet (see Section 9.0). 

The average impact parameter .d of the halo panicles at the sen.per face grows linearly with 
this velocity and with the proton nnsverse drift speed V. Figure S shows this dependence for the 
average and maximum .d for fJ = 400 m and scraper in final position = 3a. According to CERN 

expericnce6 V - 1a/sand6 ats at.XO= 3a and 6a, respectively. It corresponds to V = 0.14 and 
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Figure 9. LongilUdinal Disaribution of the Maximal Energy Deposition in the Beam Pipe in the Low-~ Region Downstrea 
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SSC SOAPER SYSTEM 

April 02, 1991 
MARS12 

NUMBD or OUTSCAnzRZD PROTONS (Z 0.01) PD 1 INCIDl:HCI: 

------------------------------------------------------------------------E (TeV) Case Elastics Others with delta(p)/p 
< 0.001 < 0.01 < 0.3 

------------------------------------------------------------------------20 1 
2 
3 

4.460 
0.240 
0.005 

0.026 
0.020 

0 

0.053 
0.031 

0 

2.520 
0.175 
0.007 

--------------------------------------------------------------1 <•> 
l(C) 

4.160 
8.640 

0.150 
0.915 

0.347 
1.710 

1.730 
6.680 

------------------------------------------------------------------------2 1 
2 

6.920 
0.170 

0.154 
0.003 

0.551 
0.007 

3.140 
0.154 

------------------------------------------------------------------------Yield anc;le (mrad) - · - --- --- ----- -
at 20 TeV < 0.05 < 0.05 
at 2 TeV < 1 < 1 

< 0.05 
< 1 

< 0.3 
< 3 

------------------------------------------------------------------------
Case: 1 - single Cu scraper with L • 2 m 

2 - target + scraper - (1 mm W at Beta•400 m) 
3 - crystal + scraper (5 an Si at Beta•400 m) 

case: 1 (W) - single 1f scraper w.ith L • 1 m 
l(C) - single c scraper with L • 4 m 
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Table 9 
Maximal Energy Deposition £,Absorbed Dose Rate D', and Annual Dose D in the Superconducting Cc 
of the SSC Low-~ IR Beam Elcmcnas. The last column is the power P deposited in the clcmc 
Interaction rate at the IP is 109 per second at L = loJ4cm·2s·l. The operational year is 107 sec. 

Name Gnlih Path £ 01 D P 
(m) Length (McV/g (mW/g) (/drad (W) 

(m) per 1 int.) per year) 
0 

OLD 15.00 15.00 38.4 
DLI 5.00 20.00 16.8 
FWD CAL 3.00 18.00 140.8 
COUJM 2.00 20.00 24.8 
QLl 15.14 35.14 20 3.20 3200 513.1 
OR 0.80 35.94 3.7 
QU 11.22 47.16 12 1.92 1920 lSS.3 
D 1.00 48.16 2.0 
QLl 11.22 59.38 14 2.22 2220 260.3 
OR 0.80 60.18 3.6 
QL3 12.96 73.14 6 0.96 960 161.9 
03 7.00 80.14 1.0 
BVl- S.00 85.14 0.4 0.06 64 5.4 
D 1.00 86.14 0.7 
BVl- 5.00 91.14 0.7 0.11 1112 7.6 
D 1.00 92.14 0.3 
BVl- 5.00 97.14 1.3 0.21 208 12.7 
D 33.00 130.14 1.6 
7,CAL 1.00 131.14 809.8 
D 76.00 207.14 3.6 
CIO 4.00 211.14 78.7 
D 78.00 281.94 
BVl+ 5.00 286.94 0.1 

Total 2242.2 
*Maximal numbers ~ D' and D in the superconducting clements correspond to the 

maxima in the azimuthal disuibutions at the inner radii of the inner coils. 
••Outer radius for all the clements assumed to be equal to IS cm. 

Because loss rates at the collimators vary within two orders of magnitude, one might be tempted 1 
remove ••insignificant'' collimators Cl3, Cl5 and C17. But remembering uncertainty in the pp interactio 
model and possible lattice changes, it would be strongly recommended to avoid '"improvcmcnas" of th: 
kind. 

8. BEAM ABORT SYSTEM 

8.1 Lambertson as a Source or Radiation 
In the beam abon system, the cxttaction Lamcnson septum magnet followed by horizontal an 

vertical scrapers (SHV) (1) should be the narrowest places in the both collider rings during the infccdor 
acceleration and collision stages in the SSC. This way the beam halo gmwths, for various reasons, woul 

16 

16 - 13 



Comments on the Far-Forward Spectrometer 

The region for the far-forward spectrometer is the endcap wall at - lOOm 
and the system which is downstream of the hole in that wall. Figures 1 and 2 
respectively show layouts corresponding to Eol-19 (Fig. 1) and to the intermediate-
(3 IR laid out by SSC Lab in the design book (SSCL-SR-1056, p. 57) (Fig. 2). 

Some comments: 

1. The transverse dimension is full-scale.. 

2. The longitudinal scale is "Lorentz-contracted" by a factor 2000. Since the 
resolution of any transverse tracking elements (wires, pads, shower-counter 
elements) is boost-invariant. we may view these spectrometer layouts as if 
they are full-scale. in all dimensions provided we Lorentz-boost the collider 
beams by a factor 2000; i.e. 10 GeV (to the right) x 40 PeV (to the left). 

3. The number and distribution of right-moving beam fragments (from a 10 
Ge V primary) should be easy to visualize-only a few in the forward cone. 
Location of vees and kinks from Ks and Y decays are within a few cm from 
the beam axis. The decay length of a 10 TeV A is - 300m. 

4. The magnetic fields are compressed by the boost into submillimeter longitu-
dinal thickness, but the Pt kick they impart is unchanged. Thus sagittas of 
order 1 cm are reasonable for upstream tracks which traverse a dipole magnet 
(or magnets) at - 80m and miss the hole, provided the Pt kick is > 1 GeV. 

5. In both layouts a fundamental constraint for the downstream system is the 
aperture of the splitting-dipole for the circulating beams (location 300-400m 

downstream; Pt kick - 40 GeV). 

6. The double dogleg present in the SSC designs puts a long string of magnets 
in the 300-500m ·range. These are put there in order to remove vertical 
dispersion. From an accelerator-physics standpoint, it is an unpleasant thing 
to modify them although-we are told-thinkable. 

With all this in mind, a path-of-least-resistance is to stick with the SSC 
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intermediate-d lattice and see whether it is viable. My very tentative opinion 

is that maybe it is OK. In Fig. 3 is the downstream layout to half-scale. relative to 
Figs. 1-2. More useful perhaps is Fig. 4. where any additional "boost~ has been 
made, so that we now view things in terms of 2.5 GeV x 160 PeV. 

More comments: 

i. Tracking the neutrals looks good, assuming precision tracking elements ( 20 
µ resolution) and lots of preradiator for converting the 7's. 

8. Tracking as close to the beam just upstream of the lOOm endcap wall (via 
Roman pots) is important, in order to locate as many charged tracks as 
possible before they disappear into the hole. 

9. After they disappear into the hole. most will get blown into the quad or 
dipole magnet yokes (or, more likely, coils) by the extremely strong fields. 
This includes the (important!) secondary protons of energy, say, 5-15 TeV. 
When they hit something, some shower products should get into the down-
stream tracking region. · Provided the magnet gaps a.re tapered as shown, 
the reconstruction of this shower vertex (good to - 20µ in the transverse 
coordinate??) should serve as a good momentum measurement (6p/p -
20 µ/4mm - 0.5%??). 

10. My rule for placing tracking elements is to keep them at a relatively small 
angle from collision axes of the obvious hot sources, since particle density in-
creases exponentially with increasing production angle. This is what defined 
the tracking regions shown in Fig. 4. 

11. There seems to be not much lost by spreading out the shower counters longi-
tudinally (length - 50-lOOm?; - 30 Xo layers spaced 2-3m apa.rt?)-it is still 
pretty short as seen in Fig. 4. This turns the hot point source of neutrons 
and damaging ionization into a line source and reduces t be radiation damage 
problem. The fraction of shower particles sampled goes way down, but there 
are so many that sampling errors would remain small. Addition of a modest 
transverse B-field might supply more useful information. 
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The bottom line is that once background simulations are up and running, some 

good tracking studies through the intermediate-d SSC system will be an important 

next step. 

3 

Appendix A - 3 



(~,_if-)'] 

-- -----1------------ ---·· ···--· -. ·----1----

/ 
.• ,. 

lb ;-· .... / 
I 

I . 

L~-~ 
I 

-6> 

l s 
R' 
> 
I 

-1.-======~~~~====:c======~--tF:::-:::_""."."'_. ~--··· --- ---·-.,.- .. I ....... , 

CJ ·:; .J (I ._J ( I _.· ' '. ) 

f\Jo·k 1l11i c~ (!JI~~ ,;, Li~l fl~i1!t: /oGeV )< 4ofW ---- - .. - ··----·· ~ ·- .. - . -----· ----- - .. 

c c • 



) 

t"IOI\" S) ( 
---~---·-·-··· .. 

1o I 1\\1 / I 

I ·~I Qit~f}ls . '\),, s 
~ ( ~ . I ~f btr4 ~ 

l 
r..,.o.· 
0 . •V 

;,.Qud~ )> 
:j s :j 

i '} ! ' 
:j . ~ I ~ 

;;<" 
)> I ( ' ' . 
:;t 

-1.~===?::::=t=~~.,._-..;;;.:!_ .• , ····l----- · · · t · -· · · · ··· · ·- -· · ·· - I 
0 -.. . f "v tb "\J )o-u c1 o v 



I 

'' 
·' 

--. -
~ ... 

f; . f) 

-···---------------· ... -- ·----------- -

:\~~ c 
HPvc/ .,·"l; 111 ~cohJ h .. 1.ilt 

( ( c ( ( 



-

-

") 

' 

i -~ 
! '\,_. 

... 
'I 

I 

' 
i 

I I 
I 
I t-\.•.l . (' 

-~ ~ I 
i~t ~!M'. .. '" 

i , . ..,. ; I I 

' -'I 

. . 

-

-\) ·-.x_ I 
i 

' ~ 

I . \.."- ; 
'N"' I 

,. 

I 
I 
I 
i 
I 

-
' I 'I -· ... 

r' ......... '.'·.'-'·~ ·- ~ . . .. . ' 

....._ __ -+---'4· ....... --i~~---1----+-..._ ............ ~..._..._ ____ ,.._ ____ -+-~ 

0 ' ~S 4-oO ~ '€~-.: I ~-f)-0 ~( 

_c; 

.-.. \ 
~ 
I 
I 

. ~ 

; I 
I 

'. I 

·, 

... 

Appendix A - 7 



High-energy Jet Phenomenology for FAD 

A high energy jet will be defined as something between, say 2 and 20 TeV, 
initiated by a va.lence-parton, probably quark. Consider the nominal case of a 6 
TeV jet. It might have Pt anywhere from 6 GeV to, say, 60 GeV. A six TeV jet 
with Pt of 6 GeV lands 10 cm oft'-axis at a lOOm wall, and the 60 GeV jet lm out 
(it is mainly intercepted upstream in the Eol-19 version of FAD). The - 80 GeV 
tagging jets of qq -+ qqH are still further out, so here we are mainly talking of 
Mueller-Navelet jets (5-20 GeV p,). 

~~(u") 

0 

I 

0 

I • 
0 

• \ 

' • \. 

5 

--
\ 

• 
0 

I 

\o 

\ 

' I 

I 

• ·. c.l.o.~,! eJw\'\ 
0: ye.~ 
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A full scale picture of the 6 TeV jet, with Pt = 6 GeV, is shown in Fig. 1. 

The circle-of-radius 0. 7 is shown, within which there are only a few hits. For 
Pt - 6 Ge V, the jet multiplicity is njei ~ ! ne+e--99( y'S = 12 Ge V) - 6 (charged 
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+ neutral). So the spacing is set by the two lea.ding particles in the jet. Let them 
be 4 TeV and 1.5 TeV, with relative p, = 300 MeV. Then the angle between them 
is AB~ 0.3 GeV/1.5 TeV s:=:s 0.2 mrad = 2 cm/lOOm. 

Now if the jet has p = 6 TeV (fixed) and a larger p,, then when it hits 
a lOOm endwall, hereafter called endcap, it is further ofl'-axis, but its internal 
structure is the same, provided that there is Feynman scaling of the fragmentation 
products. Thus on this endcap the pixel size is best taken as uniform in rectangular 
coordinates and not uniform in lego coordinates. For example a 1 cm pixel at 

lOOm turns into Af/ - At; - lcm/50cm - 0.02 at the nominal outer edge of the 
calorimeter at, say, R = 50 cm. At R = 50 cm, z = lOOm, 6 = Sm.rad (fl = 6), 
and for p = 20 TeV, we have p, = 100 GeV. 

Some Inferences 

1) An idealized calorimeter for jets (and chirons; it doesn't matter) is a barrel 
with endcap: 

0 

, ,, . 

Of course most of that barrel gets replaced with annular walls. Choose .Ro, zo, and 
pixel size as follows: 

2) Near 'I= O the pixel size in the barrel(Az) x (Ay) = a:CA'I x At;) should 
be good enough to resolve well jet components up to some design goal p, ~ Pco· For 
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a given technology this criterion sets Ro and the pixel sizes ~zo = ~yo; therefore 

the lego pixels ~'lo = ~t/>o a.re a.18o fixed .. 

3) In the downstream barrel region (which transmogrifies into annular wa.lls), 

subdivide into pixels whose sizes a.re ~,,o, ~t/>o, even when the barrel sections a.re 

replaced by annular wa.lls. 

4) Choose zo so that 
Ro (Pco) -----zo 20 TeV 

( zo ) ( Ro ) (100 GeV) 
lOOm ..., 50 cm . Pco 

5) Then the endcap pixel size should be uniform and of size ~zo =~yo, the 

same as in the barrel near '1 = 0. 

What is the total number of pixels as functions of Pco?? For ha.If the detector, 

2r ( 2zo) r~ 
N ..., ~,,~q, log Ro + ~z~y 

= r~ {un 40TeV+ 1} 
~z~y pf 

_ r~ { ( 100 GeV) }- r~ { pf } 
- ~z~y 2 6 +in P'l + 1 - ~z~y 13-2ln 100 GeV . 

The barrel plu8 annuli dominate the cost. 

3 

Appendix B - 3 



Chiron/Centauro Phenomenology for FAD 

1. Introduction 

Define the Centauro phenomenon as & production of spherical volume of dis-
oriented condensate enveloped within a shell of ordinary hadrons expanding at the 
speed of light. Use a "fireball approximation", with fireball properties: 

Ar: mass 

C: momentum 

pj_ : transverse momentum 

f : fraction of mass in condensate 

H' : radius at decoupling 

This means an approximately gaussian distribution with FWHM of two units, as 
sketched in Fig. 1. (This is a piece of cosmic-ray lore.): 

JN 
T 1 

-..__ ---

-
~ 

This picture is appropriate for the leading-particle region only. 

We now use extremism to estimate the maximum condensate energies, con-
densate masses (soft pion multiplicities) and maximum condensate Pi in order to 
put the fireball products into as small a circle in the lego plot as possible. The 
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reason for this extremism is to examine the demands on detector resolution and 
properties--apecially for the photons. 

2. Photon Resolution 

Anume the r 0's are very nonrelativistic in the rest frame of the fireball. Then 
all the 1's have E- of mfl/2 = 70 MeV!! In the }ego plot they make a fireball 
because the emi11ion is isotropic. 

What is ;; versus M*?? A11ume p, < M*. Then the energy of pion system in 
the lab frame is t.C, and the energy of a single "' is 

The lab angle of emi11ion of a decay "Y from a r 0, which was emitted at 90° in the 
fireball rest frame is now 1., = M* / E-. 

But 

2 2C 
Ji= log 9=log M• . ., 

and, if a fraction z of 20 Te V goes into the system, we have 

E* = zEo = z(20 TeV). 

Therefore 
- 2%Eot. 2Eo 
fl = log = log - - log nfl - log z - log t. 

nflmfl mr 

= 12.5 - log nfl - log z - log t. 

It is marginally thinkable that z -1andt.~0.3, say, which puts;;- 11.5-log nfl. 

If we demand nr ~ 10 in order to create excitement, this already puts ;; ~ 9.2. 
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The size of the spot at 100 meters downstream is. 

or in physical dimensions R - 2 cm. For a.n "a.nti-Centauro" final state (20 "Y's; 
no charged 7r's), the pattern on a lOOm endcap (full scale) is shown in Fig. 2. 

This scenario corresponds to a "fireball" with momentum 20 Te V a.nd mass M• = 
1.5 GeV/t.. 

If this system is given a transverse momentum p, = M•, then the pattern 
moves only slightly outward (Fig. 3) 
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Consider now bigger masses (a.t any J>c). Then if M• doubles,;; decreases by 
0.7 and the opening angle of the cone of "Y's doubles. Also (for the same~) the 
number of low-Pt, coherent pions doubles. So the net effect on the pion density is 
to cut it in half. We have (at ~ = 0.3, z = 1) for a pure anti-Centauro: 

Fireball-radius at lOOm = (2cm) x~ = (4cm) · (ui"b:v) 

Total number of gammas = 40 · ( 10'b:v) 

Charged tracks may have a smaller Pc at very large R. If so they can, in the 
absence of magnetic fields, be concentrated in a smaller core, with the ")''• from r 0 

decays fomm.g a "halo": 
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Summary: 

I 
I 

I 
I 

I 
I 

,. , 
J~JP1J~t> 

... ' , r ~KJ011s 
\. 

- -
4 

A photon density of order l/cm2 at lOOm is the most that can be expected 
from Chiron/ Centauro phenomena, and it could be less. And there is , of course, 
the possibility that it does not exist at all! 
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Simulation of Minimum-Bias Events 
on FAD Forward 'Vall Calorimeter 
R. W. Ellsworth 9 March 92 

1 Introduction 

A central problem in the intepretation of cosmic ray air shower 
data is the extrapolation of measured :B.u..xes to the top of the at-
mosphere. The shower development is determined by the mul-
tiparticle production processes in primary-Nitrogen/Oxygen 
collisions, together with electromagnetic cascade processes. The 
latter are well-understood in comparison with the former. The 
features of multiparticle production to which the showers are 
most sensitive are (a)the-·secondary momentum spectra and 
(b) _the _a~rage "inelasticity" i.e~ the fraction of the incident 
proton (lab) energy which is used to produce secondary parti-
cles. · 

A Monte Carlo simulation of minimum bias events was used 
to study the regions of x F and p J. accessible to a FAD wall 
calorimeter. 

2 Description of Event Generator 

The event simulator, "BANG92A" 1 approximates an indepen-
dent particle emission model by choosing secondary CM mo-
menta from assumed distributions. Two "leading" particles, 

1Thr algorithm "BANG" dates from the mid- 1970's; the basic idea was suggested by 
Tom Gaisser (Bartol); the first implementation was written by Allen Stottlemyer (Univ of 
Maryland); it is described in more detail in Phys Rev D26, 1043 (1982). 
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one each in the forward and backward hemispheres, are chosen 
from a fiat distribution. The remaining secondaries are cho-
sen from approximations to x F and p .L observed at ISR and 
FN AL. Momentum is approximately balanced, as the event is 
generated, by pointing a secondary CM momentum into the 
octant opposite to that of the vector sum of previously chosen 
particle. The process ends when all the CM energy is used up. 
Then small corrections are made to each momentum to enforce 
conservation of momentum and energy. The current algorithm 
chooses 10% of the secondaries to be kaons and the remainder 
are charged and neutral pions. 

The adjustable parameters in the algorithm are those which 
specify the shapes of the x and PJ. distributions. The particle 
multiplicity is most sensitive, of course, to the x distributions. 
The pseudo-rapidity { 77) density at small 77 would be constant 
if the XF distributions did not change with CM energy. The 
observed increase is included by increasing, logarithmically, the 
slopes of the x F distributions. The x F distribution parameters 
have been adjusted to give, approximately, the experimentally 
observed charged particle multiplicity, and 77 density at ISR 
and Tevatron energies. These results are tabulated below: 

y'i (GeV) n~h obs Simulation maxdn / d71obs Simimulation 
63 12.7 14.8 2.0 1.8 

1800 28.0 24.6 4.7 4.4 
40000 109 7.5 

The mean charged-particle multiplicity at 1800 Ge V is for 
77 < 3.0. The ratio of average/ dispersion for the charged mul-
tiplicity distribution remains constant, at 2.4, over the ·entire 
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energy range. The simulation thus produces KNO scaling. The 
distribution x F*dn / dx F for gamma rays from 7ro decay is shown 
in Figure 1 for vs of 63 and 40,000 Ge V. This distribution is 

. al h . . t" Ed3
tr ~ 1 proportion to t e invariant cross sec ion dp3 i.or arge x. 

The change in the distribution is evident. 

3 Results 

The distributions XF for produced gammas and for those with 
T/ > 8.4 are shown in Figure 2. The latter corresponds to those 
gammas hitting a detector of radius .45 mat a distance of 1 
km, a possible FAD component. Note that the detected XF's 

go down to very low values. Because of the steep energy dis-
tribution, the detector picks out low XF events, with low PJ..· 
The average P.L for all gammas was 173 MeV /c, for the "trig-
gered" gammas, i.e. those with T/ < 8.4, the average was 129 
Me V / c. For this simulation, the average number of gammas in 
the detector, per pp interaction is 2.8; the average deposited 
energy is 1. 7 Te V. None of these numbers should be taken too 
seriously since the simulation only roughly agrees with lower 
energy data, and it is assuming a particular model for the 
multiplicity increase. Nonetheless, the qualitative features are 
instructive. 

4 Next 

The next steps will be to simulate the response from a smaller 
detector, and to change the algorithm to fit the ISR and FN AL 
multiplicities by changing the mean inelasticity rather than the 
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XF distributions. 
I have graphs of many other disf-:-ibutions; ) et me know of 

any you would like to have sent to you (in TvpDrawer form.) 
Also, anybody who wants to run the code is welcome to. 
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From: Bob Ellsworth 
Subject: More results from FAD Wall simulation 
Date: 10 March 92 

I send along two results; the first is a set of sample events which 
"triggered" the wall. It is a list of momenta of ganunas with 
eta > 8.4. The other result is a TopDrawer file of the distribution 
of distances between hits on the wall. {The wall is a circle of ti~.2 
radius 45 cm at a distance of 1 km from the interaction.) The mean 
of the distribution is 34.1 cm. The shape of the distribution, however, 
seems to be imposed by the 45 cm circle. The average number of gamma 
hits per event is 2.76; the average energy of hitting gammas is 
1. 73 TeV. The simulation code was BANG92A, as 
described in the previous camnunication. 

Sqrt(s)-40000 GeV 
First 20 events 

EVENT 
# 

1 
1 
1 
l' 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
7 
7 
7 
7 
9 
9 
9 

SEC 
# 

Ganunas with eta > 8.4 

PX 
GeV/c 

PY 
GeV/c 

1 2.9689671E-02 3.4718256E-02 
2 -0.1166909 2.l000454E-02 
3 l.6898266E-03 6.1443809E-04 
4 5.1690701E-02 0.1265490 
5 -8.6840466E-02 0.1951499 
6 2.3806043E-02 -l.4928185E-03 
7 -5.4751174E-03 2.9446350E-02 
8 0.2687488- 8.6902708E-02 
9 0.3612732 0.1598630 
1 -0.2622850 2.0868570E-02 
2 -l.5189118E-02 9.4802883E-03 
3 -4.6249703E-02 -l.1948576E-02 
4 9.4125144E-02 l.4302487E-02 
5 0.1624769 -0.1260011 
6 2.9476374E-02 6.6703089E-02 
7 0.2211211 7.8538032E-03 
8 -l.2421725E-02 -2.3560081E-02 
1 l.8577434E-03 -0.1033811 
2 6.2144160E-02 -3.0330742E-02 
3 -4.6329726E-02 -2.0994201E-02 
4 -l.4398007E-02 5.5458706E-02 
5 0.2989669 0.7938312 
6 -2.8035449E-02 9.4875857E-02 
7 0.2302038 -0.1900037 
1 6.1378996E-03 6.3058279E-02 
2 -0.3228108 -0.2034906 
3 -2.1630455E-02 -5.9357964E-02 
4 -0.2047391 -2.9138764E-02 
1 2.5439961E-03 l.2121261E-02 
2 l.1083321E-02 l.1940958E-02 
1 -0.2105768 -7.9945125E-02 
2 -2.5844729E-02 4.2223342E-02 
3 2.8615400E-02 6.0796458E-03 
4 -8.4184103E-02 -3.9341208E-02 
1 0.1204655 2.9926752E-03 
2 -2.0526126E-02 5.2332614E-02 
3 -3.6675502E-02 -8.0962181E-02 
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PZ 
GeV/c 

245.9641 
356.3142 
36.07052 
1265.694 
1815.224 
59.33966 
67.50470 
1237.312 
2550.574 
833.6702 
65.47964 
133.9389 
297.6960 
897.3123 
190.9802 
564.9908 
142.7130 
287.4823 
199.6907 
132.7866 
149.8990 
2019.495 
270.4640 
701.3021 
144.5664 
1083.366 
299.4059 
553.4344 
138.3187 
41.57285 
641.5310 
133.8434 
71.24830 
257.8253 
450.1539 
199.4560 
408.7011 



.. 
11 1 2.6478572E-02 0.1381019 723.5850 
11 2 1. 4371552E-02 l.4420604E-02 101.0563 
11 3 3.7244603E-02 1. 3243607E-02 125.4639 
11 4 0.1550654 -5.0300863E-03 550.8884 
11 5 0.2718425 -0.1738105 860.3596 
12 1 -5.2331746E-02 -5.9031211E-02 710.6857 ... 
12 2 -0.1008600 -1. 0305267E-02 264.1205 
12 3 -5.5532024E-04 8.6605875E-03 36.92649 
13 1 l.6604014E-02 -3.3624120E-02 210.1806 
13 2 l.3867008E-02 1. 9035423E-02 179.7696 
13 3 0.3814026 6.5479964E-02 950.0274 
13 4 -5.1102255E-02 -0.1905561 558.3316 
13 5 -1. 3540071E-02 4.5567315E-02 516.4551 -
15 1 0.2502478 -0.1953333 949.2625 
15 2 0.2618055 -5.9022773E-02 931.3611 
16 1 -1. 3822101E-02 5.0248064E-02 277.3197 
16 2 -0.1807003 -2.8553186E-02 678.5159 
18 1 3.6853924E-02 0.2034071 491.4392 
18 2 l.7963242E-02 0.1217430 1370.730 -18 3 -0.1268044 0.1265610 1755.143 
18 4 -1. 0325605E-02 7.3243335E-02 200.4377 
18 5 -0.1073120 -7.1168482E-02 816.2670 
18 6 -0.1082987 -l.1946285E-02 255.2998 
18 7 -0.2078252 -7.7991113E-02 1146.387 
18 8 9.8414179E-03 -9.0968879E-03 85.41016 -18 9 -3.5689771E-02 0.3170011 879.9230 
19 1 4.1573025E-02 -0.2531112 2327.679 
19 2 3.7279725E-02 -4.7461898E-03 175.3970 
20 1 0.1303246 0.2466045 759.7153 
20 2 l.0154916E-02 -3.5047187E-03 181.9695 
20 ·3 4. 9439102E-02 ··· l.1337606E-02 124.7855 
20 4 -2.3866283E-02 l.5617706E-02 69.47807 -

-

-
-

-
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