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16 March 1992

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

We were delighited 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 $18M. The design group is studying the bypass
section for IR-1; this is a & 1km section around the I.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 IR-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:

epp— NNW+tW- _
*qq—qqH, H — bb

In the first case, for a central (|n] < 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 99.5% 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.



2.2 Rapidity Gap Physics - J. D. Bjorken

Bjorken gave an outline of the p:rinciples 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 100m-1KM 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 main 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 axis 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 X, 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 was
unable to be present. Ellsworth calculates that a detector wall of radius 15 cm at 1 km from the
LP. 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.



5. Possible Overlap with b Physics
5.1 The BCD Experiment -:George Kalbfleisch

Kalbfleisch briefly presented the case for a b 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 |n]
< 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 < || < 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 LHC.

6. Discussions

The following important issues were raised in the discussions:

o The need for hadronic calorimetry (Albrow).

e Venuti will ask the lattice design group for a luminosity of 1032 and a central space of > 100m +
100m and wait for their reaction.

e 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)

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

Next Meeting: April 16-17 in Madison

4



Appendix I: List of Participants

MICHAEL ALBROW

THEODOROS ALEXOPOULOS

JAMES BJORKEN
PHILIP BURROWS
JOE COYNE

PER DAHL

ROBERT ELLSWORTH
LEONID FRANKFURT
FREDDY FRIDMAN
FRED GILMAN

KONSTANTIN GOULIANOS

GARY GREENBAUM
LAWRENCE JONES

GEORGE KALBFLEISCH

RICHARD KOFLER
S. MANI

SYDNEY MESHKOV
NIKOLAI MOKHOV
FRANK PAIGE
JERRY ROSEN
PETER SCHLEIN
TANAJI SEN

RAY STEFANSKI
STEVEN STRAUSZ
TIM TOOHIG

JOHN VENUTI
WAYNE VERNON
WILLIAM WALKER

ACHIM WEIDEMANN

ALAN WHITE
GAURANG YODH
DIETER ZEPPENFELD

Fermilab

U. of Wisconsin
SLAC

MIT

SSCL

SSCL

George Mason U,
Mich. St. U.
SSCL

SSCL
Rockefeller
UCSDhl

U. Michigan

U. Oklahoma
U. Mass

U.C. Davis
SSCL

SSCL

SSCL

Northwestern U.

UCLA

SSCL

SSCL
U.Washnigton
SSCL
Vanderbilt
UCSD

Duke U.

U. of Tennessee
ANL

U.C. Irvine

U. of Wisconsin

ALBROW@FNALD
THEOALEX@WISCPSL
BJORKEN@SLACVM
BURROWS@SLACVM
COYNEJ@SSCVX1

FRANKFURT@MSUNSCL
FRIDMAN@SSCVX1
GILMAN@SSCVX1
DINO@FNALD
GARYG@SLACVM
JONES@UMIPHYS
SSCVX1::GRK
RKOFLER@SLACVX
MANI@UCDHEP.UCDAYVIS EDU
SYD@SSCVX1
MOKHOV@SSCVX1

FNAL::JROSEN
SCHLEIN@UCLAHEP

STEFANSKI@SSCVX1
STRAUSS@UWAPHAST
TOOHIG@SSCVX1
JPV@SLACVM
VERNON@SLACVX
DUKHEP::WALKER
ACHIM@SLACVM
ARW@ANLHEP
YODH@VWSCYG.PS.UCLEDU
DIETER@WISCPHEN



Appendix II: Future Meetings/Woskshopd:~ *i" ' - . ' T—ilon T2 2

e April 13 - 15 1992: SSC Phyéics Symposium, Madison, Wi.
Contact: Linda Dolan, SSCSYMP @ WISCPHEN

e June 21 - 27 1992: 7th International Symposium on Very High Energy Cosmic Ray Interactions,
Ann Arbor, Mi.

Contact: USERHHY3 @ UMICHUB

o July 1992: Workshops at 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: Charged Particle Tracking for Advanced HEP Experiments. (W. Ford)

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

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.

o (Tentative) September 16-18 1992: Full acceptance physics, Fermilab.
Contact: Alan White, ARW @ ANLHEP

-viii-



Friday, March 13
9:00-9:15
9:15-10:00
10:00-10:15
10:15-11:15
11:15-12:00
12:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00

Saturday, March 14
9:00-10:00
10:00-10:30
10:30-11:30

11:30-12:00
12:00-2:00
2:00-4:00

4:00-5:00

: F.A.D.
March 13-14, 1992

Introduction Fred Gilman
SSC Interface Tim Toohig
Break

Rapidity Gaps and Jets Bjorken/Zeppenfeld
Event Simulation Gary Greenbaum
Lunch

Machine Lattice John Venuti
Backgrounds Achim Weideman
Beampipe & Vacuum Wayne Vernon
Discussion

Friday Evening Social

Host - Joe Coyne

Diffractive Physics - L. Frankfurt/M. Strikman

Break

Cosmic Ray Physics and the Forward

Spectrometer Design Jones/Walker/

Strausz/Yodh

Discussion

Lunch ;

B-Physics at SSC/Compatibility with

a Full Acceptance Detector Fridman/
Kalbfleisch/Rosen

Summary Discussions - Allocation of Work

2/3

9/10
11/12

13/14
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Figure 1.2, Underground Pacilities at IR-1 for the Baseline Detector Armangement

2. CONSIDERATION OF OTHER CANDIDATE EXPERIMENTS.

The following is a list of other known experiments which are candidate for incorporation into the
SSC. The propriety of considering each of these in sizing and configuring the generic facility at
IR-1 is discussed in the subheadings of this section.

20T o SSC-EOI-0001; Krisch; “Inclusive Spin-Spin Effects and Cross Section Near
ev.”

B. SSC-EOI-0002; Orear; "Low P, Physics at the SSC."
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The Vocabulary of LEGO

A Review:

Phase Space:
¢: azimuthal angle relative to collision axis
Pt: magnitude of momentum transverse to collision axis

| n: psuedo-rapidity=-In (tan6/2)
Why Lego: (See B{s SLAC-PUBS593) . .

Wirv v SV sy .,
1. Final state particles are distributed uniformly in n and
¢ and sharply center about <P¢>. (Extended lego plot
needed for QCD jets. )

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

3. Area Element-dnd¢ is proporuonal to phase-space
area=PtdPdedn

Vocabulary: ' v
1. Jet: all particles within a circle of radius .7 in a lego
plot and whose total Pt exceeds some threshold.

2. Rapidity Gap: regions of i 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,Pomeron,etc.) Pt-q
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Future Work

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

2. Investigate internal jet structure in an extended lego plot (i.e.
Jets within Jets)

3. Statistically analyze leakage of particles into rapidity gaps
and detailed shape of rapidity 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 TeV cm.
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\
COMMENTS ON RELEVANCE TO COSMIC RAYS OF FAD

Gaurang B.Yodh

S)muLATION STWDY

INTERACTION MODEL DEPENDEN CE
OF SOME SHOWER PARAMETERS

Strong Dependence on Scaling Violation at Large x
e Model F-Y0O0 Fixed interaction lengths and Scaling in x

e Model M-Y00 Decreasing Ao and scaling in x
o lsBpe Model M-F00 Decreasing \;,; and Violation so scaling in x

e Model M-F01 Decreasing \;,; and Violation. alf scaling in
x and Charge exchange added in pion and kaon collisions.

e Model R-F01 More rapidly Decreasing A, and Violation
of scaling in x and Charge exchange added in pion and
kaon collisions.

Problem of treating Nucleus-Nucleus Interactions
e Use superposition Model - '

e Use more sophisticated model. e.g. Gaisser et al.

WROTNIAE 8 YobH  LATolLcA TCRC 1985 HE velunse
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Table ) Comparison of fsatures ot tvo bssic models used.

Mone (i.e. the leading pacrticle emerging from the
interaction i& alvays 1identicel in kind to the
interacting one) '

Charge sxchange of
SR interactiag meson

See [3]; icrelevent bere, 66 w¢ Ppresent only

Transverse moments
. longitudinel €AS properties

| | . |
: Model P-Y00 : sodel #-FOO =
{ |
Mean free paths for | Energy-independents { Belov ] Tev ,
inelastic nucleonss 75 g/ca® | aucleonss 8¢ g/cm’ |
| interaction ) pions: 110 g/cm? | pions kaons: 117 g/ca* |
kaons: 130 g/cat { Above 1 Tev |
{ L(E) = ¢ ,/{0¢,0383"Ln E) :

l . .
: : 'l
Inelasticity Uniform in (0,1) for nucleons #nd (1/3,1) for mesons :
E| |
| Inclusive Enerqy-independent: 1 Belov 1 TeV as Y00; above:i
| distributions in scaling extrapolation of | the <Cunctional shape is |
| s « E/Elinteraction]! the ISR dets { unchanged, but the scole |
for secondaries | s=velue decreases o5 1§ |
{ : 1/ELing )" |
' 1 ' %
Secondaries Charged pions <« 608 { Belov 1 TeV as Y00; above: |
| produced sieutral pions = J0% | the fcactions of kaons and|
| Charged kaons <= S% { neutrel pions increase |
Meutral kaons = N ( wich energy, reaching at |
S ; (| JEeV- 6.88 (eoch) and |
o : $3.7%, vespectively :
|
|
|
|
|
|
|
|
|
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REMARKS oV ComPIs! TION

ol cosmic RAYS
" aAwp mopECd

. It is important to know the energy de-
endence of the interaction length or P-
E cross section at 40 TeV.

« The energy scale for the highest energy
cosmic ray experiments , even if they are
of single species, can vary by as much as
1.4 GeV /particle to 1.8 GeV /particle at

shower maxirﬁum the difference increas-
ing at larger depths. |

* « Mass sensitivity does depénd on the model

12 -7
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bove 10 E?V it is esientla.l w
e nature of the particle 1mt1atmg the

shower Can one tell the, dlﬁ'ereé be— 2
tween a gamma or proton 1mt1ate | shower .

# Can one tell % and v from iron initi-

ated s dhower ?.The latter would be ex-
pected if cosmic rays are galactic.

 Showers propagation depends on the shape
of the x distribution at large x . It o
course depends on the melastumty End

~ cap calorimeter in FAD could measure
the production of neutral particles at very

igrge x. This is shown in figures that fol-
w

12 - 8
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SIMULATION OF MINIMUM BIAS EVENTS
Regions of xr and p; accessible to a FAD Wall Calorimeter

by Robert Ellsworth

« Two different configurations for wall Calorime-
ter used:

- 45 cm lateral dimension

- 15 cm lateral dimension

- For 45 cm Three energies: ISR, 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 called BANG2

- Table 1 compares simulation with experiment:
- Some observations: |

« The average charged multiplicity for n <
3 at 1.8 TeV compares well with observa-
tions, so does the maximum rapidity den-
sity for charged particles. KNO scaling is
reproduced.

« Change in invariant pi-zero cross section
e 'is seen in going from 63 GeV to 40 TeV.

» Distributions of xr for s with psuedora-
pidity n > 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 ps.

« For a 45 cm detector: < p; >= 173MeV
for Triggered «v s whose average number
was 2.8 and an energy deposit of 1.7 TeV.
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FIG 2 XF gammas 45cm End Ware
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sttalaahle just wilh the silicon tracking withia Lthe beam pipe should be compet-
itive with what is attalned for pasticles of py of 1-2 GeV wsing the full detector.
Lihowise the low py pholons, dificult to see ol 90 degrees in most detectors, turn
inte reassnably energetic ones in the forward direction beyond, sey, rapidities of
four o2 so. We might mentisn that the interesting products of the pion clouds of
the peojectiles have laberalery angies of ne more than 50 microradiane.

N should be cloar that if bulk chirel condensate is ln some sense obeurvable
in hadvon-hadven esliisions, it is & matier of quite fundamental importance. Just
a8 the wistivaship of the quark-giucn plasma phase (o the normal phase tells we
abewt ths sature of ssafiasment, this phenomencn might Lefl ue something about
the natwse of the chivel phase. Phonsmena lavolving the chiral phase may in turn
be very simiter to whad happens in the Migge seclor. Additional insights into the
pooely-uadentesd hadvenis analogue might bave quite far-reaching implications.

Pigwre 3.3. Yidkd of charwmed hadvens oo fsnctisn of rapidity, sdung with the suber
i‘!u‘"**l'!.
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Pigue 33. Visld of bottum batiums 0 Gnstion of capifity dheng with e ansued

yiodd late the meduin of the qpastomsts. Adse dhowe b the o favd-tenget mede.
A bopdvopm oo jot target b emaned. v

6. Charm

The yleld of charmed hadrone lnte this spectrometor is enermous, and is shown
ia Pig. 3.2. One oces that much of the yicld s quite far forward, aflowing a Jot of
chalos la where 10 concentrate one's efflorts. By the year 2000, the state of the art
sheuld be, sccerding te Permilad planaing, over ene million reconstructed charm
ovenis per expoviment. In addition, large super-clean samples of comparable sise
should be avellebls from the clociren-pesiteon Lon-charm factory in Spain. Looking



" Central or Forward?

e Central: || <1.2—-1.5-
Low P-=> poorer secondary-vertex resolution.
Solenoid or dipole?
| S;:_lenbid ig?i'p@b'x“- match-to ->71.5.
Tracking, P;:trigger: eagiériin solenoid.-
20% loss:of ‘azimuth in -Central-dipdie.
e Forward: 1.2 <0 < 5.5 |
Detectors more accessible, = cheaper.
Vertex detector can use disks only.
Interactions in beam pipe are-iroiiblesome.
Good momentum analysis via central dipole.

Compensating dipoles == n6 net kick for |5j] > 5.5.
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Fubde 2: The minimum values of sin 2 rgsolvtble to three standard deviations in 107 sec of
repning at luminosity of 102 cm™2sec-1ip an $SO hﬂenmeni covering 1.2 < 7 < 5.5.

W =
Angle Mode Tag Tagged 1- 2} b 2 D 8in2ppmn 3,
- Events

¢r  BY-J[PK} e* 0,600 060 01 07 047 011
¢r BY—J/PKY K* 73000 040 01 07 047  0.066
ws By—wtz~ et 40000 060 1.0 0.7 047  0.076
¢a Bl xtz— Kt 307,000 040 1.0 0.7 047  0.041
ws B p°KY et 267 060 10 ~10 0.64 0.68
ws B p°K2 Kt 2,300 o4o. 1.0 ~i10 064  0.34
¢s  BY - K+K- e* 1,000 boo' ~01 w0 0.64 027
¢ B - KtK- K* 9200 040 ~01 ~10 064  0.12

e« Bl JfYd K% 137000 0.40 _~ 01 ~10 064  0.039
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Table 1: Update of Table 11 of the BCD BOI to include a Kaon tag. The minimum values
of sin 2¢p; resolvable to three standard deviations;in 107 sec of sunslag st luminosity of 10**

cm~2sec~1. The factor 1~ 2p is the analyping power of the tag Which has a probability p for
a wrong tag. b is the backgrbnnd to signal for the final-state wmcﬁon The dilution
factor D due to mixing is given by @, coth(x/22,)/(1 + el). |
M
Angle Mode  Tag Tagged 1+ 2p b 8 D dadps.
| | _ Events N ' .
01  BY— J[PKY et - 57 600 060 0.1 BT 047 0047
o1 BY—J/GKY K* 440000 040 01 BT 047 0027
@2 Bloswtmrm et 240000 080 10 D7 047 0031
‘¢2 BYowtr- Kt 1840000 040 50 BT o047 0017
w3 BI K3 et 1600 060 10 ~20 o064 0.8
¢s B°— p°Kg Kt 14000 040 10 ~10 064  0.14
ws B K*K- et 6240 080 ~O.1 ~10 064  0.11
w3 BY<» K*tK- K% 55,200 040 ~01 ~10 0.64 0.05
wa B°—J/yd K* 640,000 040 ~01 ~'10 0.64 - 0.016




Tabbe & The seasitivity of an uymmetnc ete”

collider to sin 2y, at 3-o statistical significance via
the decay B — J/¢K2. A ‘year’ consists of 107
sec. The BCD sensitivity is 0.03 (0.07 for Phase

I) in one year of running.

L Running Time (Years)
cm~?sec™?! 1 3 10
1033 048 0.28 0.15
3%10 028 016  0.09
10

0.15 009 - .0.05

Table 4: The sensitivity of an asymmetric ete”
collider to sin 23 at 3-o “statistical significance via
the decay B — x+x~. The BCD sensxtxnty 18
0.02 {0.04 for Phase I) in onc,year o1 mnmng

L Running Txme (Yeg.ts)
cm~%gec”! 1 3 10-

10 061 035 019
3x10% 035 020 0.1

1034 0.19 0.11 0.06
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Summary

e Hadron colliders are the best B-facf,ory invest-
meent in terms of ultimate potential.

a A dedicated B-physics experiment at FNAL could
e compa.r'a.ble to one at an eTe™ collider.

« The SSC promisés statistical power 2 10 times
"at of FNAL or ete~ .

QI Phase I, $50M-experiment a.ti the SSC still has

- a Eactor of 3 statisfical advantage over FNAL or
Fe . o |

13-8



pCD Prognm in 1991-1993

e Design lower-cost collider detector {~ $50M).
1. Naive scaling:
Acceptance for both B’s ~ (An)2.r~ (cost)2.
‘= learn how to do-better.
2. An = 3-at SSC ~ £'=10% at e*e~ collider.
3. Initial oonﬁguratlon Central, Intermed.ta.te‘
or Forward? - L e

4. Preserve option to expa.nd after successful Phasel. .

e R&D
1. Silicon vertex detector.
2. Straw?tubé trackmg
3.HadronID.
4. Online Parallel computer farin (trigger; DAQ)
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Silicon Detector Beam Tests
Iowa State U. - U. Oklahoma - Yale U.

e Study position resolution vs. angle of incidence.
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e Results on resolution L to track:
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A Silicon Vertex Detector
- with Interleaved Disks and Barrels
Fermilab-Langston U.-U. Oklahoma~-Princeton U.

e Hexagonal modules with ‘spiral cooling path.
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DICRESSIONS
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(0 e.meN.v)

This illustrates the casic idea of the decay
track definition

(D 3 collinear hits pointing to the decay
region

(@ Hits deleted if 2 or more of them
plus target coordinates are collinear
ie. Suppress primary vertex hits for

trigger purposea.

|

YEIO entry
hits if

they come
_from target

>

Target

j 20 em = 0.3 = 0.6 m 0.8 m
decay _
regicn

REQUIRE. 2 OR MoORE

PECA TRACKT IN  SEPRRATE
RVUBRDRANTS . A

* % FIDVCQIARY PROPER TIMm

Effict ENCY WILL  AE VERY
v arGE
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Figure 1. Beam Halo Rate Due to pp-Collisions and Beam-Gas Scattering Versus Distance from the Beam

Centerline (from Reference 15).
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Figure 2. Transverse Distribution of Protons from pp-Diffraction for Two Values of Dispersion.
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Figure 3. The SSC Beam Loss Scenario.

5.0 SCRAPING AND MATERIAL CHOICE

A beam scraping systemn 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
collider run. Such a system should be capable of intercepting a high halo rate and absorbing most
of its energy with minimal effect to the downstream equipment and IP. Most of the above beam
halo particies have to be rapped with a scraper at a distance from the beam axis x, which defines
the minimum machine aperture (Figure 4). To intercept protons with the large amplitude one needs
to put the scraper in the region with the largest B-funcdon. To trap off-momentumn protons a non-
zero dispersion at that position is required to provide A = 1 Ap/p = 0 (Figure 4). The primary x,
is chosen to be 100 (see Tables 2-5 and Reference 6). To provide favorable experimental
conditions, according to Fermilab® and CERN® experience, this distance should be as small as 6
or even less (30). This can be achieved by moving the beam slowly with some velocity in the 3—-
100 range with the simple bump-magnet (see Section 9.0).

The average impact parameter A of the halo particles at the scraper face grows linearly with
this velocity and with the proton transverse drift speed V. Figure 5 shows this dependence for the
average and maximum A for f = 400 m and scraper in final position = 3G. According to CERN
cxperiencc6 V ~ 106/sand 6 O/s at xp = 3G and 60, respectively. It corresponds to V = 0.14 and

16 -5
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Figure 12. Momentum Distributions of the Neutrals at the Zevo - angle Calorimeter Position Downstream of the 20 x 20
TeV Interaction Point.
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April 02, 1991

MARS12
SSC SCRAPER SYSTEM
NUMBER OF OUTSCATTERED PROTONS (x 0.0l1) PER 1 INCIDENCE
E (TeV) Case Elastics Others with delta(p)/p
< 0.001 < 0.01 < 0.3
20 1 4.460 0.026 0.0S3 2.520
2 0.240 0.020 0.031 0.178
3 0.00S 0 0 0.007
1w 4.160 0.150 0.347 1.730
1(C) 8.640 0.915 1.710 6.680
2 p 6.920 0.154 0.551 3.140
2 0.170 0.003 0.007 0.154
Yield angle (mrad) -~ - o0 0 B
at 20 TeV < 0.05 < 0.0S5 < 0.0S < 0.3
at 2 TeV <1 <1 <1 < 3
Case: 1 - single Cu scraper with L = 2 m
2 - target + scraper (1l mm W at Beta=400 m)
3 - crystal + scraper (5 mm Si at Beta=400 m)
Case: 1(W) - single W scraper with L= 1m
1(C) -

single C scraper with L = 4 m
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Figure 50. Distribution of Halo Particles With No Scraping, With Single Scxiper. With Target/Scraper Couple, and
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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-pf IR Beam Elements. The last column is the power P deposited in the eleme
Interaction rate at the IP is 109 per second at L = 1034cm-2s-1. The operational year is 107 sec.

n P P
Name m)  Lengh ey (MW  (dad (W)
(m) per 1 int.) per year)
)

DLO 1500 1500 18.4
DLI 500 2000 16.8
FWD CAL 3.00 18.00 140.8
COLLIM 2.00 20.00 24.8
QL1 15.14 35.14 20 3.20 3200 513.
OR 0.80 35.94 3.7
QL2 11.22 47.16 12 192 1920 155.3
D 1.00 48.16 2.0
QL2 11.22 59.38 14 2.22 2220 260.3
OR 0.80 60.18 3.6
Q3 12.96 73.14 6 0.96 960 161.9
D3 7.00 80.14 1.0
BV1- 5.00 85.14 0.4 0.06 64 5.4
D 1.00 86.14 0.7
BVI1- 5.00 91.14 0.7 0.11 1112 7.6
D 1.00 92.14 0.3
BV1- 5.00 97.14 1.3 0.21 208 12.7
D 33.00 130.14 1.6
Z-CAL 1.00 131.14 809.8
D 76.00 207.14 3.6
Cl10 4.00 211.14 78.7
D 7800 281,94
BVl1+ 5.00 286.94 0.1
Total . . 2242.2

*Maximal numbers €, D’ and D in the superconducting elements correspond to the
maxima in the azimuthal distributions at the inner radii of the inner coils.
**Quter radius for all the elements assumed to be equal to 15 cm.

Because loss rates at the collimators vary within two orders of magnitude, one might be tempted 1
remove “insignificant” collimators C13, C1S and C17. But remembering uncertainty in the pp interactio
model and possible lattice changes, it would be strongly recommended to avoid “improvements” of th:
kind.

8. BEAM ABORT SYSTEM

8.1 Lambertson as a Source of Radiation

In the beam abort system, the extraction Lamertson septum magnet followed by horizontal an
vertical scrapers (SHV) [1] should be the narrowest places in the both collider rings during the infectior
acceleration and collision stages in the SSC. This way the beam halo growths, for various reasons, woul

16
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FAD 1| Manck

Comments on the Far-Forward Spectrometer

The region for the far-forward spectrometer is the endcap wall at ~ 100m
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-
B 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
GeV primary) should be easy to visualize—only a few in the forward cone.
Location of vees and kinks from Kg 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 p; 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 p; 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; p; kick ~ 40 GeV).

6. The double dogleg présent 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

Appendix A - 1



intermediate-3 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.

10.

11.

Tracking the neutrals looks good, assuming precision tracking elements (20

u resolution) and lots of preradiator for converting the ’s.

Tracking as close to the beam just upstream of the 100m endcap wall (via
Roman pots) is important, in order to locate as many charged tracks as

possible before they disappear into the hole.

After they disappear into the hole, most will get blown into the quad or
dipole magnet vokes (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 are tapered as shown,
the reconstruction of this shower vertex (good to ~ 20u in the transverse
coordinate??) should serve as a good momentum measurement (ép/p ~
20 u/4mm ~ 0.5%77).

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.

There seems to be not much lost by spreading out the shower counters longi-
tudinally (length ~ 50-100m?; ~ 30 Xj layers spaced 2-3m apart?)—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 éhd reduces the 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-3 SSC system will be an important

next step.

Appendix A - 3



¥ - v xjpuaddy

|

(’»":’LSW\

TIb

.,
{ \"uru\_
|-
|0:7 ’:;-: V]

fig L i

/\‘)’Jtsj ‘T/”{. ('-; M{Cﬁ& l;| [)l&(’/yéif\.ﬂni(:/DGBVX 4’0fév



l

S - V¥ Xipusudy

t

SSc —[\CL'. aid i G .
T ]

| 'D\‘U(A‘;/ C{cuu?{S

¢
)

‘;{ ¢

< 1
A Aﬁ" S

~

| ).'(.,\(

D

200 ‘tou

(i)



Y - V Xjpusaay

!

P

LA

SBC I‘d’(ﬂ\lei’i\ﬂﬁ. -‘1 (D( N &l.

4\0 T

N
.

Wil

e .'"/. h

[

;I
L4 i
|
_ - 1 { l
: t - | | |
~ 200 Yov

600 0‘-"0




) L
KWW ¢ ls0D
Proradiahst | .

w(.( g.cal.c 1ty BGDST(J( F*TVMK
(Ssc 14 Blsan \ 5 GeV « R TV

Appendix A - 7




N&(w)

\o+

- ——— . e

J Bj'/‘{(’m

S Mach 1494

High-energy Jet Phenomenology for FAD

A high energy jet will be defined as something between, say 2 and 20 TeV,
initiated by a valence-parton, probably quark. Consider the nominal case of a 6
TeV jet. It might have p; anywhere from 6 GeV to, say, 60 GeV. A six TeV jet
with p; of 6 GeV lands 10 cm off-axis at a 100m wall, and the 60 GeV jet 1m out
(it is mainly intercepted upstream in the Eol-19 version of FAD). The ~ 80 GeV
tagging jets of g — gqH are still further out, so here we are mainly talking of
Mueller-Navelet jets (5-20 GeV py).
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A full scale picture of the 6 TeV jet, with p; = 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 GeV, the jet multiplicity is Tijet S § Fete-—gg(v/3 = 12GeV) ~ 6 (charged

1

Appendix B - 1

(



+ neutral). So the spacing is set by the two leading particles in the jet. Let them
be 4 TeV and 1.5 TeV, with relative p; = 300 MeV. Then the angle between them
is A0 = 0.3 GeV/1.5 TeV = 0.2 mrad = 2 em/100m.

Now if the jet has p = 6 TeV (fixed) and a larger ps, then when it hits
a 100m endwall, hereafter called endcap, it is further off-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
100m turns into An ~ A¢ ~ 1em/50em ~ 0.02 at the nominal outer edge of the
calorimeter at, say, R = 50 em. At R = 50 an, z = 100m, 8 = Smrad (n = 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:

le,/-J”/f//jjllil_’[///?i1]/.' S S R I A f?"
) 7
R. 7
| Z
W&z
el - - v//
ol , Z%
L o - - 7 Z

| WA AN BN A R e e g DA AV

a

Of course most of that barrel gets replaced with annular walls. Choose Ry, 29, and

pixel size as follows:

2) Near n = 0 the pixel size in the barrel(Az) x (Ay) = R3(An x A¢) should
be good enough to resolve well jet components up to some design goal p; < py,. For

2
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a given technology this criterion sets Ry and the pixel sizes Azo = Ayo; therefore
the lego pixels Ang = A¢yg are also fixed..

3) In the downstream barrel region (which transmogrifies into annular walls),
subdivide into pixels whose sizes are Ano, Ao, even when the barrel sections are
replaced by annular walls.

4) Choose zg so that

R _(pw)
29 20TeV

()~ () - (5

5) Then the endcap pixel size should be uniform and of size Azg = Ayo, the

same as in the barrel near n = 0.

What is the total number of pixels as functions of py?? For half the detector,

2% 2z0 I'R%
N~ ande (‘°“ Ro) * AzAy

2
_ xR {2["40 TeV+1}

 Azly 4

_ =R} 100 GeV _ =R? P}
-Asz{2(6+ln - )+1}—A::Ay{13 unlOOGeV .

The barrel plus annuli dominate the cost.
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Chiron/Centauro Phenomenology for FAD

1. Introduction

Define the Centauro phenomenon as a 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:

M*: mass

E*: momentum

pl: transverse momentum

€: fraction of mass in condensate

R*: 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.):

w4 .
Z-'i L \\f\%ﬂb&

("2 l :

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 p} in order to

put the fireball products into as small a circle in the lego plot as possible. The

1
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reason for this extremism is to examine the demands on detector resolution and

properties—especially for the photons.

2. Photon Resolution

Assume the x0’s are very nonrelativistic in the rest frame of the fireball. Then
all the 4’s have E* of m,/2 = 70 MeV!! In the lego plot they make a fireball

because the emission is isotropic.

What is 77 versus M*?? Assume p; €« M*. Then the energy of pion system in
the lab frame is ¢E*, and the energy of a single = is

Eg=€£.
Ny

The lab angle of emission of a decay v from a %, which was emitted at 90° in the
fireball rest frame is now 8, = M*/E".

2 2E*
7=log '5:—108 O

But

nemy = eM*

and, if a fraction z of 20 TeV goes into the system, we have
E*=zEy=2(20TeV).

Therefore

2z Fge 2Ey
My

7=log ——— =log — —log ny —log z—log ¢

=125 —log ne ~log z - log €

It is marginally thinkable that z ~ 1 and € R 0.3, say, which puts 7 ~ 11.5~log n,.
If we demand ny R 10 in order to create excitement, this already puts § < 9.2.

2
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The size of the spot at 100 meters downstream is
Or~2 T2 %2 2x107* =0.2mrad

or in physical dimensions B ~ 2 cm. For an “anti-Centauro” final state (20 v's;
no charged #’s), the pattern on a 100m endcap (full scale) is shown in Fig. 2.

J\\X

= % (L)

Fc’é,l

The central photon density is roughly

dN«~ 10

am— ———— 2 4 .
1 zr(zz)z0.75/cm at z=100m

This scenario corresponds to a “fireball” with momentum 20 TeV and mass M* =
1.5GeV/e.

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 (at any p;). Then if M* doubles, 7j decreases by
0.7 and the opening angle of the cone of 4’s doubles. Also (for the same ¢€) the
number of low-p{, 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 100m = (2cm) xr‘éﬁv = (4cm) - (Tb%:W
Total number of gammas = 40 - (1-5%:17)
Central density of 7’s at 100m = 0.4 (14F¥) cm—2

Charged tracks may have a smaller p; at very large R. If so they can, in the
absence of magnetic fields, be concentrated in a smaller core, with the 4's from =°
decays forming a “halo”:
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A photon density of order 1/cm? at 100m 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 Wall 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 fluxes 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 average “inelasticity” i.e. the fraction of the incident
proton (lab) energy which is used to produce secondary parti-
cles. o

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

2 Description of Event Generator

The event simulator, “BANG92A”! 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).

1
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one each in the forward and backward hemispheres, are chosen
from a flat distribution. The remaining secondaries are cho-
sen from approximations to zr and p, observed at ISR and
FNAL. 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 z and p, distributions. The particle
multiplicity is most sensitive, of course, to the x distributions.
The pseudo-rapidity (n) density at small  would be constant
if the zf distributions did not change with CM energy. The
observed increase is included by increasing, logarithmically, the
slopes of the z distributions. The zf distribution parameters
have been adjusted to give, approximately, the experimentally
observed charged particle multiplicity, and 5 density at ISR
and Tevatron energies. These results are tabulated below:

Vs (GeV) | ng, obs | Simulation | mazdn/dnobs | 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 cha.rged—pé,rticle multipliéity at 1800 GeV is for
1 < 3.0. The ratio of average/dispersion for the charged mul-
tiplicity distribution remains constant, at 2.4, over the entire

2
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energy range. The simulation thus produces KNO scaling. The
distribution z p*dn/dz r for gamma rays from 7° decay is shown
in Figure 1 for /s of 63 and 40,000 GeV. This distribution is
proportional to the invariant cross section E%:—g for large x.
The change in the distribution is evident.

3 Results

The distributions zr for produced gammas and for those with
n > 8.4 are shown in Figure 2. The latter corresponds to those
gammas hitting a detector of radius .45 m at a distance of 1
km, a possible FAD component. Note that the detected z¢’s
go down to very low values. Because of the steep energy dis-
tribution, the detector picks out low zr events, with low p;.
The average p, for all gammas was 173 MeV/c, for the “trig-
gered” gammas, i.e. those with 7 < 8.4, the average was 129
MeV /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 TeV. 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 FNAL
multiplicities by changing the mean inelasticity rather than the
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X distributions.

I have graphs of many other dis*-ibutions; 'et me know of
any you would like to have sent to you (in TopDrawer 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.

eta > 8.4.

The other result is a TopDrawer file of the distribution

It is a list of momenta of gammas with

of distances between hits on the wall.

radius 45 cm at a distance of 1 km from the interaction.)
of the distribution is 34.1 cm.
seems to be imposed by the 45 cm circle.

(The wall is a circle of

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 communication.

Sqrt(s)=40000 GeVv
First 20 events

EVENT

#

CWOWOIIIIOAOUIUVITUIUI W b b b i o W W W W W W W Wt [ e et

SEC
#

WNHPEWNHEOEAWNHJOM®WNHONOUMGWNHOOIOANBWNH

Gammas with eta

PX
GevV/c

2.9689671E-02
=0.1166909
1.6898266E-03
5.1690701E-02
-8.6840466E-02
2.3806043E-02

0.2687488 -
0.3612732
—0.2622850
=1.5189118E-02
—4.6249703E-02
9.4125144E-02
0.1624769
2.9476374E-02
0.2211211
-1.2421725E-02
1.8577434E-03
6.2144160E-02
—4.6329726E-02
—1.4398007E-02
0.2989669
—2.8035449E-02
0.2302038
6.1378996E-03
-0.3228108
—2.1630455E-02
-0.2047391
2.5439961E-03
1.1083321E-02
—-0.2105768
—-2.5844729E-02
2.8615400E-02
-8.4184103E-02
0.1204655
-2.0526126E-02
=3.6675502E-02

-5.4751174E-03

> 8.4

PY
GeV/c

3.4718256E-02
2.1000454E-02
6.1443809E-04
0.1265490
0.1951499
-1.4928185E-03
2.9446350E-02
8.6902708E-02
0.1598630
2.0868570E-02
9.4802883E-03
-1.1948576E-02
1.4302487E-02
-0.1260011 :
6.6703089E-02
7.8538032E-03
—-2.3560081E-02
-0.1033811
-3.0330742E-02
—-2.0994201E-02
5.5458706E-02
0.7938312
9.4875857E-02
—0.1900037
6.3058279E-02
—-0.2034906
-5.9357964E-02
-2.9138764E-02
1.2121261E-02
1.1940958E-02
—7.9945125E-02
4.2223342E-02
6.0796458E-03
—-3.9341208E-02
2.9926752E-03
5.2332614E-02
-8.0962181E-02
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PZ
GevV/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

T.‘e,
The mean
The shape of the distribution, however,

The average number of gamma
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2.6478572E-02
1.4371552E-02

"~ 3.7244603E-02

0.1550654
0.2718425
—5.2331746E-02
=0.1008600
=5.5532024E-04
1.6604014E-02
1.3867008E-02
0.3814026
-5.1102255E-02
-1.3540071E-02
0.2502478
0.2618055
-1.3822101E-02
-0.1807003
3.6853924E-02
1.7963242E-02
-0.1268044
-1.0325605E-02
-0.1073120
—-0.1082987
=0.2078252
9.8414179E-03
-3.5689771E-02
4.1573025E-02
3.7279725E-02
0.1303246
1.0154916E-02
4.9439102E-02
-2.3866283E-02

0.1381019
1.4420604E-02
1.3243607E-02
-5.0300863E-03
-0.1738105
-5.9031211E-02
=1.0305267E-02
8.6605875E-03
-3.3624120E-02
1.9035423E-02
6.5479964E-02
=0.1905561
4.5567315E-02
-0.1953333
=5.9022773E-02
5.0248064E-02
—2.8553186E-02
0.2034071
0.1217430
0.1265610
7.3243335E-02
=7.1168482E-02
-1.1946285E-02
=7.7991113E-02
-9.0968879E-03
0.3170011
=0.2531112
-4.7461898E-03
0.2466045
-3.5047187E-03
- 1.1337606E-02
1.5617706E-02
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723.5850
101.0563
125.4639
550.8884
860.3596
710.6857
264.1205
36.92649
210.1806
179.7696
950.0274
558.3316
516.4551
949.2625
931.3611
277.3197
678.5159
491.4392
1370.730
1755.143
200.4377
816.2670
255.2998
1146.387
85.41016
879.9230
2327.679
175.3970
759.7153
181.9695
124.7855
69.47807
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