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INTRODUCTION

The study of small angle high energy hadron-nucleus scatter-
ing can provide an important laboratory for understanding the
gross features of nuclear shapes and for studying aspects of the
small time or short distance behavior of the strong inte;actions.

We propose to measure leading particle cross sections and
coherent elastic scattering of ﬂt, kiy pi on several nuclei (Be,
¢, Cu, Al, Sn, Pb,) at beam energies of 50, 100, 150 and 200 GeV.
The experiment can be done with the existing E69 apparatus in its
current configuration with nuclear targets substituted for the

liquid hydrogen target.
PHYSICS

Just as small angle electron scattering has been an important
tool in determining the charge distribution in nucleij small
angle hadron scattering probes the distribution of hadronic ﬁatter
in nuclei. Thus information from small angle hadron scattering
would complement electronscattering data. Such measurements
have beeﬂ done by Bellettini et. al.,! and by Bleiden et. al.,?
at energies below 30 GeV/c.

These data are interpreted in terms of the eikonal approxi-
mation by adding the phase shifts dué to scattering from individual
nucleons which are distributed in the nucleus with an assumed
nuclear density profile. Short range correlations between nucleons
‘can also be included in the model even though their effects are
guite small. In these descriptions the differential cross section

'is written as



inel

where f£(0) is the coherent elastic scattering amplitude and

Qg‘ is the part of the incoherent cross section (either to
aq’t .
inel

excite or break up the nucleus) which is included in the data
sample due to the finite momentum resolution of the apparatus.

The elastic nuclear scattering amplitude gives a sharp for-
ward peak, with an angular width A6 characteristic of the
nuclear radius R (A8 ~ A/RP where P is the projectile momentum).

The quasielastic term; é%i ;, is expected to be domina-

inel

ted by scattering from individual nucleons in the nucleus. At small
angles single scattering dominates this term and the angular distribu-
tion is of the shape familiar from elastic hadron-hadron scatter-
ing. At 1argef scattering angles multiple nucleon scattering
dominates. These multiple effects have been evaluated by Glauber
and Matthiae.?® Figure 1 illustrates this angular distribution as.
seen by Bleiden et. al.,? for P—Pb,ﬁwi;Pb, P—Cu andywiFCu at 9.92
GeV/c. The dotted curve shows the expected contribution from
guasielastic scattering.

The detailed theoretiéal analyses of high energy hadron-~nucleus
scattering assume that the nucleus may be treated as a dilute
gas of nucleons whose interactions with hadronic projectiles are
not affected by nuclear binding forces. These analyses also
assume that hadronic projectiles scatter as waves on nucleons
in their path and that these waves interfere with each other

- to give the total nuclear scattering amplitude. A study of high
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energy hadron-nucleus scattering would best test this picture and
thus verify at the highest available energies a basic assumption
underlying more complex models of nuclear processes. For example,
models which propose tests of the short time behavior of hadronic
matter by the study of hadronic cascades in nuclear ’Vcarc_ijets'+ depend
on the correctness of the assumption of the quasi independent
interaction with the constituent nucleons. In addition to such
tests, coherent hadron-nucleus scattering would result in beautiful
Frauenhofer diffraction patterns characteristic of the wave nature
of guantum processes. |

By considering the nucleus as an extended hadronic medium one
can also study the effects of multiple interactions of the beam
particle in order to learn something about the short time or short
distance behavior of the strong interactions. One such effect is
the predicted increase in the transparency of nuclei due to the
production of coherent intermediate states by beam projectilé
interactions.® At high energies it is possible for such a hadron
to be excited to a resonant state on one nucleon and then to
reconvert to its original state on a second nucleon in the same
nucleus. Such processes are true elastic scattering and (since
they provide a mechanism for "inelastically scattered" projectiles
to appear as elastic scatters), they should result iﬁ a decrease
of the measured nuclear cross section. Because of the difference
in mass between the excited intermediate state and fhé beam
particles there is a non zero momentum transfer to the nucleon which
has propagated as a diffractive resonance for part of its path in
- the nucleus. There is a corresponding phase difference between

amplitudes due to thisprocess and those for which the projectile
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has propagated without excitation. For an incident p;oton at 200
GeV/c, for example, the ﬁomentum transfer in producing an N*

(1470) is only 3.5 x 10”3 GeV/c so that it is reasonable to expect
_ that the target nucleus will recoil as a whole. At this energy

the phase difference due to several fermis of propagation as an
N*(1470) is of the order of a tenth of a radian. The intermediate
resonance amplitude can thus be very nearly coherent with the usual

208 with a Woods—-Saxon

amplitude. In such an example using Pb
potential, it is found that the ratio of forward amplitudes for
direct proton propagation through the nucleus and for the produc-
tion of an N* (1470) intermediate state is 17%. Figure 2 depicts
the expected decrease in p-Nucleus cross sections at 200 GeV/c.
Such coherent processes are expected to contribute to high energy
hadron nucleus scattering for all hadrons which can couple diffract-
ively to excited states. Thus, effects are expected for incident
pions, kaons and protons and their magnitude depends on the total
cross section for the production of the excited state on a nucleon.
A measurement of this effect could give some idea of resonance-
nucleon cross sections. In addition, if such effects are, in fact,
observed at Fermilab energies, it would then be interesting to use
hyperons as projectiles to search for evidence, albeit indirect,
that strange analogues of the N* (1470) exist.

A second aspect of the short space-time behavior of hadronic
physics that can be studied in nuclei is the question of whether
the evolution time of a hadronic state is short ér long compared
with its propagation time through nuclei. The energy flux picture

of Gottfried" has been remarkably successful in explainiﬁg the

low multiplicities observed® in high energy interactions in
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nuclei. Leading particle effects may also be sensitive to the
question of hadronic evolution time. If the leading particle is
instantaneously produced, it should be degraded in propagating
through the nucleus due to secondary, tertiary, and higher order
interactions. Thus one expects the leading particle-cross section
in nuclei to be considerably less than that for hydrogen and the
momenta of leading particles to be degraded as compared to hy-
drogen. In the energy flux picture the leading particle is part
of an energy pulse which propagates through the nucleus. If the
evolution time of this pulse is long then successive interactions
in the same nucleus should not degrade its leading particle
characteristics. The leading particle then materializes as seen
in scattering from hydrogen. In the instantaneous evolution

time picture the leading particle cross section is expected to
depend on the area of the annulus at the edge of the nucleus where
its thickness is small (A 1/3) while if the evolution time is
long the leading particle cross section should go as the nuclear
surface-(A2/3). Of course, one must make detailed calculations
to account for nuclear shapes. The energy dependence of the
leading particle cross section should also be measured as a
method for varying the evolution time per nuclear length by
varying the time dilation of the produced hadronic state.

We propose to measure the small angle (.2 ->3.5 mr) elastic,
and gquasielastic scattering cross sections and thevleading
particle cross sections for n%, KT and p* on Be, C, Al, Cu, Sn,
and Pb, at several beam energies between 50 GeV/c and 200 GeV/c.

Such measurements can be made in the high resolution beam (M6W)



- -

cf the Meson Laboratory using theVapparatus of E69 by sub-
stituting nuclear targets for the existing hydrogen target.

The apparatus, which is completely debugged and curréntly taking
data on small angle elastic scattering on hydrogen, is ideally

suited to the purposes outlined here.

THE APPARATUS
The E69 detection apparatus and the high resolution M&W
beam form a system which is capable of triggeringbon and analyz-

. -3
ing elastic scatters with momentum transfers as small as 10

> particles per machine

(GeV‘/c)2 with beam rates of several x 10
pulse. The beam has a dispersive focus which is used to determine
the incident particle momentum to 0.03%. Three Cerenkov counters
(threshold, differential and DISC) in the beam simultaneously
tag m, K and P. The detection apparatus is shown in Fig. 3.

A pair of high resolution proportional wire chamber clusters
(70 um resolution) éeparated by 3.5 meters determines the direc-
tion of beam particles incident on a 52 cm long 1iquid hydrogen
target. . A second pair of high resolution PWC's separated by 4.6
meters determine the direction of the scattered particle. The~
scattering angle is measured by this system with an accuracy of
35 ¥, These PWC's are mounted on a concrete block to insure
stability of the system. |

The second pair of high resolution PWC's are followed by
two Main Ring Bending Magnets and conventional ?WC‘S to form a

high resolution spectrometer iAP/P ~ 0.1% a+ 100 GeV/c).

The spectrometer and the high resolution beam provide an
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elastic constraint. Thg target excitation is determined to

better than a pion mass. The detection apparatus has been con-
figured to minimize multiple scattering with vacuum pipes installed
inside magnets and between detectors. The PWC's downstream of

the spectrometer magnets are separated by a low preésure helium
filled threshold Cerenkov counter to provide some redundancy

in tagging pions. The spectrometer is followed by an electron
shower counter and by an iron-scintillator calorimeter whose func-
tion is to discriminate muons from hadrons.

In summary, the E69 detector and beam tag w, K, p, u, e and
determine their scattering angle to 35 pr.. The target excitation
is measured to better than a pion mass. The system is capable
of operating up to 200 GeV/c beam momentum with fluxes of 5 x 105
per pulse. The data acquisition system can record up to 800 |
triggers/sec. |

Aside from its high resolution, the power of the apparatus
comes from its triggering capability. It is designed to trigger
on the ~ 0.2% of beam particles which are deflected by only a
few millimeters at a plane 20 meters from the scattering target.
This is accomplished amid fluxes of up to 5 x 105 particles/sec.

The scattering trigger is accomplished in two stages. There
is a small veto counter placed at the beam focus at the end of
the spectrometer magnet. This counter is small.enough to inter-
cept no scattered particles with t > .001 (GeV/c)z; In principle,
if the full beam were focused to a sufficiently small spot on the
veto, it would provide an adequate trigger. In fact, it succeeds

in rejecting only 50% - 90% of the incident beam (recall that
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only ~ 0.2% of the beam scatters elastically with t > .001 (GeV/c)z).
The second stage of the scattered trigger then must carry most of
the burden. This stage is accomplished by rapidly encoding the
output of the high resolution proportional wire chambers and
performing several rapid calculations with analogue'circuitry to define
a’scattered event. Two such calculations are performed in each view
and the results used in the trigger. The PWC's upstream of the
target are used to choose only those beam particles which would
strike the veto counter if not scattered, and the trajectories of
these particles are ektrapolated to the most downstream high
resolution PWC. If the particle has scattered‘the wire hit in

this PWC is not that determined by the extrapolation. Such an
,e§ent is then a good scatter and triggers the data acguisition
system. These calculations are performed independently in X and

Y. The system, including the chamber encoding time, reaches a
trigger decision within 5 us of the passage of the particle.

All information is stored in latches and ADC's until the trigger
decisioh is made.

Several features of the system can be best illustrated with
preliminary results from E69 data (Elastic Scattering on Hydrogen) .
Figure 4 depicts the scattering angle for all scattered
triggers. This shows the complete efficiency of thé two stage
trigger in defining scatters. The cutoff is at‘a value of t
~ .001 (GeV/c)z. Figure 5 and 6 show the reconstrﬁcfed scatter-
ing vertex along the beam 1in¢ for target full and target empty’
respectively. Scattering from the hydrogen and froﬁ the chambers

on either side of the taxget are clearly separable. Figure 7
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illustrates the momentumwresolution of the system at 70 GeV/c
for unscattered particles. Figure 8 depicts the target excita-
tion spectfum. The elastic peak is clearly evident. These
data represent several hours of beam time and have no kinematic

or fiducial cuts.

TARGETS AND RATES

Nuclear target lengths for this experiment are chosen to
match the multiple scattering in the E69 hydrogen target. This
choice results in all properties of the apparatus remaining un-
changed when nuclear targets are substituted for hydrogen. The
detailed understanding of the system gained during E69 is then
Vdirectly relevant for this experiment. Table I shows the target
lengths proposed (.045 radiation lengths) and the number of
coherent elastic scatters per 105 beam particles. Thé Ccross
sections used in calculating these rates are those obtained
by Bellettini et. al., at lower energies.

These target lengths will help to minimize coulomb corrections
to the data and the resulting rates are well matched to the
capabilities of the data\acquisition system.

TYpical particle mixtures in the beam at 100 GeV are, for
positive polarity, ~ 4% K+, the remainder approximately equally
divided between ﬁ+ and protons. For negative polarity -~ 4% K,
4% P and 92% 7. A typical running mode is to prescale the

predominant particles to the level where the live time is < 50%.
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With, for example, 500 K beam particles this gives 10 K of each

rare particle in the system's live time and after prescaling, rough-
ly 50,000 ﬂ+, and p or m . These numbers are applicable to the

Sn and Pb targets. For the other targets the event rate per beam
particle is higher but in order to achieve 50% live time the predom-
inant particles must be prescaled to a correspondingly lower rate

so that the number of triggers due to predominant particles is
independent of the target but rather due to the live time require-
ment. Thus, a typical good event rate per pulse is ~ 20 for P, K+
or X and 100 for W+,‘p or 1 . These rates, of course, are very
crude and represent an attempt to average over all targets. A
factor of 1/3 should also be included for the fraction of events with
clean chamber topologies and for target empty runs. With a 6 sec.
repetition rate and a factor of 1/2 for safety this gives approxi-
mately 2000 good p and K or K+.per»hour and 10,000 p and 7" or

T events per hour. We emphasize that these numbers are quite
crude and are included only to illustrate the good event rates
possiblé with the system. At 200 GeV/c, for example, the beam

flux of rare particles depends critically on whether the acceler-
ator runs at 400 GeV or 300 GeV. We hope to obtain 20 K good
events for K', K, p and 100 K good events for p, n' and m  for
each target at 50 GeV, 100 GeV, 150 GeV and 200 GeV. This would
then require ~ 20 hours of beam per target per ehergy or a total

of 480 hours. An additional 120 hours for beam tuﬁihg and careful
apparatus checkout is also required. We note that these rates
would allow a determination of the real parts of the forward

hadron-nucleus cross section to several percent for the
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predominant particles. The nuclear and coulomb interference for
the targets to be used is maximal at values of t between 1.5 x

-3 3

10 and 5 x 10 (GeV/c)g. This momentum transfer is inside the

region of uniform acceptance for the apparatus.

BEAM AND EQUIPMENT REQUIREMENTS
All of the eguipment to be used in this experiment is iden-
tical to that used for E69. We thus request continued use éf all
PREP equipment assigned to E69. We also request 100 CPU hours of
online computing time on the Fermilab 6600 computer. The'experi-
ment requires 600 hours of beam time in the M6W beam as prime
user. It would be of some advantage at the highest energy if
this time were available during 400 GeV operation of the acceler-

ator. The experimenters will provide the nuclear targets.
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 TABLE I
_ o A TarqetvLength‘Ti#«elastic"

Material A Gelastic"(barnsf)'*‘ © mm)  events/10~ beam
" Be s |  os1 -l 210 ] 1350

c 12 | .08l | -16.5 1 1050

a1l il 27 L .215 6.6 - 880

cu . 64 . . ‘51 o e 0.85 ..... 350

sn 19| ;72 9072 | o 200

Pb w07 | 1.sa - | 0.33 - 165

* .
From measurements with incident protons at 20 GeV

by Belletini, et. al.!



+
1.
’H.
3R.

‘%K’

-14-

REFERENCES

Rutherford Laboratory, Chilton, Didcot, Berkshire, England.

Bellettini et. al., Nucl. Phys. 792, 609 (1966).

R. Bleiden et. al., Phys. Rev. D 11, 14 (1975).

J. Glauber and G. Matthiae, Nucl. Phys. B21, 135 (1970).
Gottfried, Phys. Rev. Lett. 32, 957 (1974); J. Marx and
Slanksy, unpublished.

Hoffnagle, Senior Thesis -~ Yale University (unpublished) 1975;
S. Trefil, Phys. Rev. D 3, 1615 (1971).

Busza et. al., Phys. Rev. Lett. 34, 836 (1975).

Sandweiss et. al., to be submitted to Nucl. Instr. and Meth.

Dhawan and R. Majka, IEEE Trans. on Nucl. Sc. NS-22 (1975).




d83 .0} .04 0§ 003 .o 204
T ¥ ¥ T T t(u) X ‘ : Y e
10 000 pCu 10000} TECu
1000} 1000}
_-loop 100}
o F-
3 5
- or ] 3
3! =
3 3
b’
| i
O o T
81 ap tmrad) B0, (mrad)
2
y ) i
. Doy 0 Gt ,4}9
""}"‘Il‘§l
{b}
lo0o0r 10000} TPh
10007 1000}
1001 ioo}
- -
s 3
£ £
3 3
a 10f Q o}
3 g
3 S
' 1 i Y 1 X 3 '} £ A A A l‘l- ' 1 3 A ¥ M . 5 . : R
o (mrod) O gp(mrad)

TIEL)

-o"i:

B gg&'(m’hl«i CV{}';S SQc+Iams

(OM io(l ]N«c lezc&‘fﬁ fwt, of e{;‘sﬂc gCﬁ{_f{’i’tﬂ\?

on Cin J fe ~uc.[e9~)

Fed.

ot 9. .‘35{ '(r’u‘v/;




@Q}§+J§f., CW}"SS g:c»'l’zw Fon F'i‘ f“/vcfeu; V.S, /\Ji(/cfeaw f‘?ass
fo IlLustoate EdSect of Colerent pNeCto0) Tater,edinde
S{' ‘!"r (Cnfcg}rfccf Q(‘J_OQ’ Seu wl'{“i Vjcdc(, glw‘?‘fv'

P()((‘&j’;q‘(&ﬂg ey Lol crorcsoction foir Ptli-spy® r/"
&‘i‘

DAl
&
i
!

g}"} 4

‘
h
;
mo
o
[vs
i i

sol 1 SRSV IS i SR U

i
-
+

A
AY
N
Y
b T ;

1
1

H
3
i i
: \ '
i
!
[PPOIRIPHI S
{
|
1 Y
i
i
3 W S
|

a0l

PR ' } SRR s B RS S
SRR B o S D [ A7 ‘K it € vcfmj ,ef‘Ee'
. [ G ST VPR S PRI (U SRR --ﬁf 'Cﬁ‘"t{'r
. N‘f{;woéj

1
i

{
'
I
i
i

-
{
; - R
JESIDINE EUVUNE N RNIIOPE BV a_.yw.%w.,\‘ [ORNS
' : : B
N | [ :
|
v
¢
A
~——
3

.
5,
mn B
B

i
t
R
'
b 3 4‘ . “
= ,...E,- e e

i

j V ’ 1
T ] M}F - J;
‘ 8 { H i _,__,,,..-_;._,M I O T
i b S
o b ! b
g i i :
Relsdwe |7 BN ]
' i 1 i -
chss 1 © R R
S{LT§QN i iu B : i

U

~; s T ;
: H e ? . . [
: - < N
boal : i 4 - B
, [ : :
3 : — ) R T R TSR AORU S
RN SO SRS SIS i
. t

L PSS, N I
i - - o '
e e - l :
i Y N
3 ! ]

o | . 5
. o ; ! ; - ;
e - ! i i S
-y ! g ! !
B N : H i
R = s 1 H < i - :
1 ' o J ! f i :

78 8 e 7o T35 46 50 €6 76 Bo 9o 190 29,




. ..
pwe 3 C%

Cimams  Ta

nOM{,cj‘oM
O's,ou-ssqc
Facvx

Eé? SIM H}eo‘ S

/\emmtu, LA out

(maT To Scx.»fe)

Hsgk Resolotion PW:‘. { ims.m wire sfar.ws}
{

E mR,P

pwe
(1.5 o)

/k VAN

(AN Rt Deentk . C ? i
M ran
LHy fAvl‘{ Maq m e;L .
6——3541\——? & Y464 — & showtyr
» Leam countey
vete .




796 [oeses

t

ot
2

e e e R e N e e L Ny e N R

3
x?
aC

PO

4
-

- ’-iHHo—cHMlalomﬂmNnahtwnm

(e}

CAXNYN AN AR ANAR

|

AR RPN A A W B ™
-
<
- .
A,
~
2

o

[

XLY

X<y
< © e e e e e
A

Xa
XN
AXY
A1
F3Y RY
(YW
%4
ALAYNY
IR LAY
AANY LR
x‘x»xvz
x:jxxn
AXNEXYLK o
KANA\Ap LD
xni\XAxxv
AEMVIANRAAS
PP IS FRRTNE |
dsAhanrataa b
TRCGRRNANCARS |
ARk (XAA§AKE
92 FINKNN aand i
KAVMAARA A CDNBA
xa:ﬁ\(tl~A\\VA81a
A¥<HA» AL L ARRYIVXE

CAMXAX AL ARCENREY Y 20

AALANALL L vaANANAAULS
YXX ax(X(«n)Ak SAAXCAXIT L YLAS

RN NAAAV AV AR AR AR XY NN CAIN RAXV TR
AYARERAF CANARY XAAL LNUX L2 ACKANLANKD
IXAMY AvAKRALANEI XAXALRERALAXAIYRLAN 3 5 &2 8

RAVMNKNAALCARXA
XXX XAAANANYCS

——-vl----ﬁ*c—-

0.}

PAAAYARNANATRAANAARAAXRCASNKIX
AATORLY AR ARAN NIV A O RANANXNALA T A 3032
za«&»<4txx‘Axxa\xKAXIAx\(X(XxxxtxaVQaﬂilflz

--aayn--ni¢v¢-¢-¢¢n'-—-ao-¢o-ga«a-¢¢--gf—«c—@g_aafnemn§nq¢efooor@aa--aeomaqgnaut

0‘

R (6wle)

ScaHer@i W T""SSQV‘& &i. 7OGCV/C
No CuTSs

03

&Y

p,l.f\' ‘ t

h e e - W - b e
-
N e

B e —



S Bl B O I e ok BE Bw Bed Bt 0 g B fed Bt B pef Bk ol Bt 0o b ot 8 Sl Bl Db Bk D Wg O aed Bt B 3ot @ P RS N e ) Tof Bed D8 g It B-e o

- -

— .A..S_ ﬁjijij powﬁ Afomg Bmm qu s e e et o e et <
JY{?’: S . B ]
§af" SCA‘} i@N’c] +r!€iq Cys Q+ 76 58'«’ ¥XNAX .- . - N
——e AR S RNy T e e e S — -
.- . RAMAXAS . .
W cmeaws % e s 4 8 GE e e xxkxxy)‘:‘: B 3 ~‘“. o m— W T MR e e W W ar o Ke? WD vl ek A K WS SR A
T e s e e i ' RAXKEAXX < i Tn o ¥
_} F33 2833 34 ) ; T . R
Target Foll . oEweR -
. . i T RSP A el - i b Ao et e s Ty o
AXAIXAXXY : : L
AARKANXY : . -
—— ¢ i b e s - L e
o IRNRXKENT . . T
: i UXAXY X LXXX ) e : ;
N [l il PR SO : et ]
XAXRARXX XXX . : i . LT
XXXAXAXXLY Tﬁ'ﬁf"t . T L
e et s o o em e e et e e AARpGULERY o e e e e e
XAXFKANARY - C\PNC— CLUSTER C
- e s i s 4w emmbs wr v om e XIAI&XXX&XX — e . o Mo a A A . R — i - — 7 —— .,....g
T KAKIAXNELY - vy - i
RANYXANNKX XX i . ;
A v -~ xhx)“‘\‘x’x‘: * ez oW we - - xx P e N A A b - . o —
T e e e KOO A {RXYS 3re TR
XAAF LXXRANN ¥ . !
PW( CLusTer @ OY XKXNAXRAXX o xx , ‘
- DRI sl -A0 Gl <3, = S e P e B
IAALXLXXNAY K XRLX- )
PXNANXX KXKYK P83 ¢
. e e . SR> CAXRAxx _ RAXX T T sl
%2 IARAPNAKNXYX XXX .
F 31 PAXAPHAAXAYX, TEXKA
e LTI o O NXRRY T e
VAXAT AAAANKCAXLNXRS XX AN .
¥addaw DU RAKP XXX ERARY RXLLLX : H
T T e e T A AR ANRRAXCKXAXAXY T LEXXAXA T T e Ty
AXXCAN XPXKAX AXNALCKY B P¥% 1441 o
- IXXFXAANT XEXAXXYYNIKYLY XXYXLXY
T o T AX3 LN AaK ‘ FXXRAARRN CRARY XY T T MARRARXX T e e
AXNSXKKRAANAJ AXIXAXINANANG X DX XK AN AXE v
AXAK (R LXK AXL AAAXARRXLAXLNL ) AXREARRNTLY, S
Tt XAPAURANSAL L RAFRAXIN LA RANXNE T QANRY X EXARY T T mTTE e e s
TXXLANXAAVAKAND OCARXCXAXARXAXXX X SERXXXXAXLXYT
LAEKRAXE AALKANA Y GAAMAKXXRS SXAXXXXKE . XHAC RXALXEY L .
TR ARXXAR S K ARCANAANE JADKX KN B AAN PN LA RN X LY XKD TRRXXXR AR AL AN X2~ 77 -7 e
ST ORAXKLAANX N ACHOONAXARE A A ALEAXAX XN XXX KD SEIANNRALAXAXAAYY L7 3
T1523212 4 w2 25e3TeTHCaNaAXAANAXSKXANARXAAXNNRARKRRAAKRLAXAXRKXRAXAKKRRK R NAR R KL AXNAXAXIKEL222 114

4-.---(.-.._..4 PR RrO iy YUV SN WIS Uy VPN R tommobeomntaconPoonwtnon nlanocwdame st

4 e en2 ans

Z pasr'{'abw (H:w ‘:"S'CM) T


http:lo.,OX.<XY.XU

I R R N N N el e R R T RN N T N L T o GO G PRI

' Port Al
SC«RT}QHNQ Oitv+ A ONn BQQM LIN(‘. o
- x B
- ‘P
Sor Sc,;eﬂgrzel Tr ig gers t 7060y W
XX
XX
’ X%
L CRg e e
3 XX
TA "'_%%{: EM '* XXX -
¥ ‘ '3 S
XXX
5% -
RXRS 1 o e e
XXX
o | s TS P cwsfeﬂ ~
PWC CLUSTER B XXX i
XAXX
. XXX %
— . ' . oo e e e s
AEXX
LXE o AXXX
. . . L - . AN e o e verman e e o]
XAX X xLX
AxK IHXXX
N T T T Ak ’ TTOAXKAK T mEmm e e
¥AXX XXEXX
7axzs ) XXAXX
TRANXA ) ’ ) C P S ¢ £ T T e o
v KRR AXRKXX
»HANS KX XXXX
ADARX o ’ SARXKRX o : o
INAANXRT XXXAXXA
RARAArX KAXAX XX
Txeniaaxy o - XXARKKK TTrTth ot T T
XALXXNAK XXXXKXX -
¥ARKLN XKW Mx CRXAXX3 ’
XRAASMAKX XALKXKXRX b oo Tt
TAARKKRAAY 1 SXXXXXXAXY -
XXXANCA SLAR (‘36{‘ Flask . XKLZXXERXX
T RX O AXARRXN PXXAARAX KA T T om T o e em e
KRS ALK AKALA Windows” KCEKANXKADY )
WAL AR RERALKAH KEAAXNXKXRXC -
° } RAX A AN XNRARX TOVRAXRXXRXALEK T T e e
UAXAXAXEARXXXXX XYAXKAXXXKXRX
AEXRAXKRXEY KR XX UXLAXEAXY XKANY v
- KA SKRXAKY ARAAKENRG o =zm XXKXKX KRXRRXNKR T I T e

°ﬂUA\ka"Aka-qutxquFiJﬂH>X4§02 AQXxYX$ T AXAKXXANK AN XX B
2 222 1121 2 3 FuunTBanIVaACNANYAXY KARANAY Y XARKANX AKX RX R XL AXAXX R XUTKUEX AX K XXX XN ARX XWX XXXF343L 2 %

..---.;.-u--‘-_--;a--_na_-..y--....!----*---»0»-.3.-;»......ton.,.a.Q-......b-._..-§q_....0..-....| P vq’-cra‘p--ﬁnﬂ‘*h-ﬁ-‘\ﬁﬁﬁo‘

114t
Z Position, (1 bivz Ser)



http:J'iW).XW
http:VXl(XA)(XXo.AX
http:f.X)(X1.XX
http:5XXXXX!u.Xl

3
.
.
¥
‘

e () 06
S‘f'{agah% T}’npgu(j[,\ p{!&;\?

Cach bin = HoMevfc

W
~
»

(1

5”&

"

Wt
"
)

W

2
N
-
~d

[
~
.

R4

M Brebe
Srxemen
g
yereeree—  FWHM =
SeRREE
sePR NS
T onsmve

,2 40 Meulc_

Ll
«r
3

L

R R R i R L A e R Rl il e A R R F A R R N i LR R ]

i
ba'sd
-

v

15.3

R L

B

IR 2
GrrnRB
Cewaney
T Y X NEN
srrene
jn154%43
Fremesany
BREAAS BES

BT EIT T RRRY

BALBRE RGN
LA E LSS -0 24

T peameRsene

BEEINEARE

. LE T
s  —— 2t ..v..A.A—.r"Q":’,,"?:
CRETESRVEATLH .
- © Fessswanvenasy 7 4

W3 pd ol I M P R o4 1 M B E R by )

o2
-

s
-

z-ﬁa*Q-“__¢~¢--,q--‘.--w-[.»a-*----+--¢-;-*-p¢a~-~1----4---o§o~-u§-sn¢’-n-n1uacn*n--nyaweagn’";

on] mans oG oofrnes o
Ze0GRET

R R e L

0'03000

P Pagf (6ev) '.

-f‘Z‘i«’)"Df.l ~1.00000 L403000 ) .

Flg 1 . N



1853
.
-
-
-
-

{aJEAtS

H“‘Nﬂ"‘NMHHOGM'.NM‘—!Mbﬂl*MHHMP‘r:‘b"HM.-(P!PI"Q"C'*N?'%<NI-4blH.‘r!l'lNl|}~|r¢H\—t04

-

=

WM W

ANY¥
A¥Y -
XX
Ar ¥
XXy
wv X
AxX
NY
¥ye
X
XNxd
Kaxe
Anay
X¥ e
FXad?

NAY AL
KXY
RY XA
AXRXY

Fay

-
- - -

".Aﬁ 2 “...‘ Fe s

ey

XYY XLWSAANLAT 2
AXKLARNSAARAXHO "B
WXN AR RALNR X (N LAWUNCTKEDZE 3

Qeimf M‘ﬂSSQ (6‘2\1}
SQ&H@V“ TT ) Tmaﬁers

NO Kinematic. Cuts

v
.
%
.
s - - - - .. .n

I lkkﬁJKVXAKXEWAﬁl\A\ViAA!(x‘)&&ﬁxﬂﬁdﬂﬁdddﬁfﬁ?oz

o 1

3

MAass (éiw)

70 G*?v/c .

- -
wr wm e mm e B e
L T T — P .
N . e e s s - PRV -
P - e wmy e cerwam s e g -
[ e re@ Eams v o w P— Upe,
- g mewmesen Ttz p . W h e o e B P




