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Abstract:

Attendees, minutes and presentations of the GEM H® — vy Task
Force Meeting held at the SSC Laboratory on August 4, 1992.
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H® — vy Task Force Meeting

August 4, 1992

Abstract
Transparencies of the H? — +v Task Force meeting held on August 4, 1992 at the
SSC Laboratory are presented.



Minutes of the meeting

Gena Mitselmakher started meeting with a discussion of the goals of this group. There

are two deadlines for the presentation of the results. The first is early in september - before
the GEM decision on calorimeter choice. The final deadline is the GEM presentation for the
PAC meeting in November. Gena suggested to incorporate all the experience of H® — 4y
studies including those done for the LHC.

Renyuan Zhu presented a two hour talk on his results in H® — v studies (see enclosed

transparencies). He made comments on the both PAC questions:

a)

b)

Recent experimental data agree well with PYTHIA predictions. Thus the factor of 5
uncertainty in jet background cannot be justified
simple calculation shows that random vertex choice will be correct in more than 50%

of cases.

Several comments were made during Renyan’s talk:

Harvey Newman mentioned that RD3 collaboration get the 0.6% constant term in
liquid argon calorimeter resolution for the semi-projective accordion. Yuri Kamyshkov
quoted published RD3 value of 0.3% for the non-projective accordion.

Frank Paige suggested to use different significance calculation for the H® — v+ search.
He quoted Sally Dawson advise to use the 1.5 K-factor in H'cross-section as the

simulated background effectively includes such a factor.
Harvey Newman noted that at the LHC bremstrahlung dominates the background.

Frank Paige noted that Figure 2 from Renyuan’s presentation locks too clean. There
should be some particles compensating the 32 GeV mean pr of the H°. Renyuan
acknowledged that the shown event was selected from 10 events sample to demonstrate

that H? events are clean comparative to the background events.

Tomasz Skwarnicki pointed out that Renyuan’s cuts to reduce the "irreducible” back-
ground are irrelevant as they do not improve the significance. Renyuan acknowledged
that some of these cuts are from acceptance and trigger requirements. Others are not

optimized and that the Task Force should optimize cuts.

Tomasz also noted that isolation cuts may change the M.,., distribution from the back-
ground events. (Renyuan assumed this mass distribution to be the same as parton-

parton mass distribution.})
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Harvey Newman encouraged Task Force to study more carefully the pileup issues.
He warned that the pileup noise cancellation reported by Cleland may not work for real
pulses.

Gena Mitselmakher stated that the factor of 5 in background uncertainty quoted by
PAC was used in Aachen studies of 1990. This factor should be better now.

Tomasz Skwarnicki presented preliminary results of his H% — ~v studies (see enclosed
transparencies). Using different isolation algorithm he get a factor of 7 better rejection
of the background in v — jet events. The significance of the H? signal is similar to the

Renyuan values. This may indicate the discrepancy in their results.

Sasha Vanyashin made a comment that the 40 GeV cut on gamma with higher pr
do not reduce the v — jet background but will cut the jef — jet background (see enclosed

transparencies).

Kostya Shmakov presented his results on GEANT MC studies on vertex selection from
calorimeter pointing (see enclosed transparencies). He got a 20% better significance than
in a case with random vertex choice.

Howard Gordon presented the status of the noise calculations for the liquid calorimeter

option (see enclosed transparencies).

Gena Mitselmakher discussed plans for the Task Force. We need to understand better
the difference from SDC and LHC experiments.

Harvey Newman noted that it is very difficult to compare GEM with LHC due to an

uncertain cost of LHC experiments.

Renyuan Zhu mentioned the need to study more pileup noise and to address trigger

questions.

Michael Danilov advised to consider H® — <4+ as just an example. GEM need to

consider more general questions of overall calorimeter optimization, e.g., with respect to

v/7° separation.
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SSC PAC Reporn - July 1992

32 Calorimetry

The committes is concerned about the GEM approach to calorimetry, as described in the various
documents submitted for the July review (GEM Baseline 1 and responses to the December 1991
PAC Repor):

1} The overriding concern is the ability of GEM electromagnetic calorimetry 1o identify
photons. The GEM group aims at excellent electromagnetic energy resolution; however,
the ability to reject jet backgrounds was given insufficient emphasis in the design. An
impressive and very thorough study of GEM performance, focused on H — ¥y, has been
described in GEM-TN-92-126, for both electromagnetic calorimeter options. The results
are summarized in Tables 13 and 14 of that document. Some comments follow:

a) Jetbackgrounds
From Table 13, we can extract the excess jet background (from ¥-jet and jet-jet),
above the "irreducible” background, that remains after shower isolation and shape
cuts; as compared to the "irreducibie” backgrounds (from Yy + irreducible y-jet
and jet-jet). The expected rates correspond to 20pb for excess jet backgrounds
versus 52pb for irreducible backgrounds with BaF3, and 77pb for excess jet
backgrounds versus 58pb for irreducible backgrounds with LAr. For a Higgs
mass of 90 GeV, this corresponds to 4¢ and 2¢ significances for BaFz and LAr
respectively, in one SSC year. The large uncertainties (of order of a factor of 5 or
more) in the jet backgrounds indicate that even these levels of significance may not
be achieved.

b) Measurement of photon direction
The BaF3 calorimeter has no longitudinal segmentation and therefore does not
provide a measurement of the photon direction. The selection of the highest
multiplicity vertex as the primary Higgs vertex has not been demonstrated to be a
solution to this problem. '

From these considerations, we are concemed that the GEM baseline design may not be
adequate for H — v, and for y-identification in general.

2) The engineering of a 1-mm Pb LAr accordion calorimeter is difficult and a large scale
prototype may well be needed to evaluate the construction method as well as a realistic -
performance and cost.

3) A coherent (electromagnetic + hadronic) calorimeter design with its associated performance
characteristics should be presented. For a hybrid option with scintillating fiber hadronic
calorimetry, issues such as calibration, radiation damage monitoring, and overall
calorimeter integration and performance should be addressed, including prototype test
results wherever possible.




Renyuan Zhu
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H— vy Study for GEM

CaltECh B R PN S S A S SR

GEM Meeting
Dallas, August 4, 1992

e Signal and Background;

e Main Issues:

— Higgs Vertex;
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Energy Resolution of BaF, Calorimeter

__2 40y2 , (9112, 2
(=) (E)+(\/'E_)+

where

. .e..agis the contribution from electrical noise, summed -+

over detector readout channels within a few Moliere
radii around the center of the lateral shower dis-
tribution;

e a; is the contribution from the photoelectron statis-
tics;

e the systematic term b has three contributions:
b2 — bn2 + bG2 + bC2

— bg represents the geometry effect, inciuding
shower leakage at the front, side and back

- of the detector and inactive material between =+

ce WS T o

- bn represents phys:cs noise, mcluding fluctua-
tions and uniformity of response from active
media etc.;

~ bc¢ represents intercalibration error.
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Event Acceptance

Dead Space:
e.BaFy-"|p| = 0—0:0525 and |} =1.308 ='1.428;" "

o LAT |n| = 1.18 — 1.39.

Process BaF,(O) | BaFo(P) | LAr(O) | LAr(P) 7]

H ~ yy 0.95 0.86 0.87 0.83 | 0.49

Htt — yyuX 0.86 0.77 0.77 0.74 0.16

Htt — yyeX 0.93 0.81 0.79 0.74 0.16

H—ZZ* —4e 0.91 0.75 0.73 0.67 0.45

H—=ZZ—4e 0.90 0.74 0.74 0.68 0.50

, o (5.— An(dead)\ # €'s and v's to detect ...
R A=( 5) !s to detect . . . ...



Significance

High Stafiétift&s:

fﬁﬂtASIL4068&”Lﬂ77 - [RAT Ldt
o5

\/fﬁdt AB RA 20‘}\477 RB

Low Statistl;(:s:
P Ae—A

Pp()) =
; n! o
where )\ IS the expected value, i.e. Ng for the signal and Ng
for the backglound c

The probablllty of signal events caused by background fluc-
tuation IS Coa

OO '

Prob : Z [Py (NB + Ns) X Z Im(NB)]

T =0 m=n
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... Cross-Section . (fb) .and-Events/SSC
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H2 — 7y Signal

e Signal: 0.05-0.2 pb for My €(80,160)GeV:

- Im i< 25;
..~ Er>20Gev; [, S,
. — | cos |< 0 9 :» reduce gg = L

— | 7yy |< 3 = reduce qq — 7.

~—~———

o Direct Photon Background: W o~
— 276 pb (gg— vv: 198 and q@ — vy 78); ¥ L/, Y
— After selection and isolation (5 GeV, 0.75): .

32 pb for M., € (75, 165) GeV. f ¥

+ ,.

o QCD Background: ? i //X

— 2jets: 2 mb;, —> ¥ ~y

... T aciet: 237nb (gg — vg: 226 gnd 99 = 79: 11)_ 3\4/ Y
= After isolation: ~23 and 20 pb. (s0/73); "

| 4 After shower shape analysis (5 mrad): 21 and E/—'”’J
16 pb (28/29);

— After preradiator (2 mrad): 19 and 16 pb (21/16);, Af
. — Irreduciable (single 4): 14 and 10 pb (14/10).

\/‘
¢

| 20 s s T e T



5 .
085 15 -2 1

| Trafhsverse EM Energy

215,73 ~2 !

Trah&verse EM Energy
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+ Figure 2: Transverse energy distributions in EMC for two typical events from signal
process of H— ~v (a) and irreducible background process vy (b).
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H—>yy (Events/SSCY/0.4 GeV)
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AE/E (%) 2/VE® 05| 75/VE® 05| 15/VE ® 1.0

(GeV) | (fb) (GeV) (GeV) (GeV)

80 | 124 {360 034 |46]| 066 | 32 | 13 | 2.3
90 144 430 0.37 6.1 0.70 4.5 1.4 3.2
100 | 169 [ 510 | 0.40 | 86| 0.73 | 6.3 | 1.45 | 45
120 211 690 0.45 14 0.77 11 1.5 7.7
140 180 620 0.53 16 0.89 12 1.7 8.9
150 .| 128-f 450.}..0.58 | 13 { .0.95.| 10 | 1.9. |- 7.3 J.
160 |52.6.]190 ) 0657|509 1.1 1 47 | 20 | 34
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Significance of H = v ¥
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Ratio of H— vy Peak Width
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Ratio of H— vy Peak Width

as Function of 6x, a and b.

éx (mm) 0.5 1.0 |15 ] 20| 2.5 ]| 3.0
a=2 | b=0.5|097|1.0|1.0| 1.1 |1.1}1.>2
a=55|b=05| 15 | 15]15]16 |16 | 1.6
a=7.5 | b=05}| 19 |19 |19|19|20] 20
a=15 | b=3.7 | 3.8 | 3.8 (3.8 |3.8({3.8|3.8

as Function of 6z, a and b.

6z (mm) 1.0 { 20 { 3.0 | 5.0 | 10. | 50.
a=2 | b=05}|10|10|11|11]15]54
a=5.5 | b=0.5|15 (15|16 }16}| 19| 5.5
a=7.5 | b=05]19 |19 |19]20]|22!56
a=15 | b=1.0 | 3.8 | 3.8 {3.8|3.8|3.9|65;
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Transverse Energy Distribution

Trahsverse EM Energy

Figure 5: Transverse energy distributions in EMC for two typical events from back-
ground processes: (a) v-jet and (b) 2jets.
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Isolation Cut

e Generate 2jets or vy-jet with PYTHIAS.5, deposit
all EM energy and part of hadron energy (from
GEANT) in calorimeter cells with parametrized
shower spread. Record cell numbers hitted by -
charged track with 8 kG field.

e Search through all cells (An x A¢=0.04 x 0.04)
to identify all cells hit by photons only, find ESS!.” -

e Charge Veto: if there is a charged track hitting
neighboring 8 cells = Reject; | o

o Define the sum of ES5!'s of these 9 cells (¥ g0, ESEY)
as the EBMOto™;

e Isolation Veto: if the sum of the transverse en-
ergies in a cone of radius R (R=\/An7+A¢>7),

excluding the ng“""". is larger than 10% of the -
ng“’“’" plus an isolation energy cut (E$¥?).

3" Er — ERY > (B + 0.1E0"™)= Reject;
I<H

e Option: use only cells with transverse energy larger
than 3 standard deviations of combined thermal -
and pile-up noise:
150 MeV for BaF, 4+ Spaghetti, and 250 MeV for
L.Ar.




Isolation Rejection Factor (10-%)

T

e 2icts: 2 mb (gg: 1.54; gq: 0.44 and qq: 0.043),
12% quark jets and 88% gluon jets.

E R=0.45 | R=0.60 | R=0.75

SGeV -:—.:.::{r'_f—::;5?_?:;3;,.;;‘:;;;'2;:_:F;.—'..- 2 St 4'1 {'__.;.1:_‘@.—;._.;:.‘::,3_:‘_ 1 wlerz i ,-‘-_-iiz-'_‘-,;:;fAf.:-‘:';_-E--r-' Ve il S

SR l@GeV 8 8--‘:-'-.-' - i .:6118.-'--' S | ;f;':::-;iffj'6,-,-2 o e

15 GeV 13 10 8.6
20 GeV 16 14 13

o ~-jet: 237nb (yq: 226 and ~vg: 11),
95% quark jets and 5% giuon jets.

s R=0.45 | R=0.60 | R=0.75
5 GeV 16 13 9.6

' ""'":-':,""-::.‘._f : 1OGeV ,‘,'_'";"-"_','*:30.':-: : 26 STl RS 22 - E-__.'5;;_-:.;.LL;,T:,:;_.:‘-;:'_:‘-.Efs':_:'-‘:_::,'-'.-'—'-;.-";.:___
. 15‘Gev i :'--'-'r-;-re.:.‘:fq_:'O" =::F};;§:§-:-:;- :.;:g:'-;f:-f:::53i4,_:::_1,.--":'.;.-:: R :;-':5:3..2,:;;_;;:;.—_:?:.15- R T e BTl L

20 GeV 54 a7 43

. o Result:

10-3 for guark jets and 2.2 x10~* for gluon jets.




2 Gammoa Invariant Mass Backgrounds

i Entries 24812
1400 [ Mean 103.2
[ RMS 24.96

1200 |} .
: Solid — 2 Gammas -

1000 F 4] Dots — Gamma Jet
3 Dashes — 2Jets

800

T

LU S |

600

400

200
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1 1 ’ ] 1 L i ! 1 i ] 1 L L 1 £ [l l L 1 L L] L [ 1 1
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Mass of parton pair all cuts

0

Figure 6: Comparison of parton invariant mass spectra from three QCD processes: v+,
v-jet xnd 2jets.
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“can’ be effectwely reJected by usmg shower shape
-__analysrs _‘-_.:_.,._-.__._zz_-__._. e : Fre

Calculate Background x-section by analyzing iso-

____lated photon candldates passmg isolation cuts.........

Calculate ‘¥ for each isolated’ photon candadate
COTLE
where
1 7 Ei _E"

cosf; =

E; |3; Eil
and E, is the energy vector of the ith photon in
the isolated photon candidate.

A detailed GEANT study by H. Yamamoto shows

Assuming isolated photon candidates with Oy > 2

mrad may be rejected by using an effective prera-
diator. |
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Figure 9: Distributions of photon numbers in isolated photon candidates, passing an
isolation cut of R = 0.75 and EF* = 10 GeV from 100k events each of (a) 9-jet and

(b) 2jets.
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E Weighted Angle in IPC

Entries 28
Mean 0.6571E-02

0 0.0050.010.0150.02 0.025 0.03 0.035 0.04
E weighted angle in iso photon (dr=0.75)

Entries 25
Mean 0.6500E-02
RMS 0.6615E-02

b)2Jets |

I 1 1 1 H I 1 1 ' L 1 L l 1 L L] ] | 1 L b

s SR SRS SR
0 0.0050.010.0150.020.0250.030.0350.04
E weighted angle in iso photon (dr=0.75)

"

Figure 10: Distributions of & of isolated photon candidates, passing an isolation cut of
R = 0.75 and EF* = 10 GeV from 100k events each of (2) 7-jet and (b) 2jets.
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Table 2: QCD Background- Cross-Sections (pb)

After Isolation

Process 2jets v-jet

Eg# R=0.45 | R=0.60 [ R=0.75 | R=0.45 | R=0.60 { R=0.75

5 GeV 140 81 46 55 45 33

10 GeV | 370 220 180 100 90 76

15 GeV | 1780 510 360 140 120 110

20 GeV ] 1200 940 800 190 160 150
After Showe Shape Analysis

Process 2jets + v-jet

Ef R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60. ]| R=0.75

5 GeV 73 34 20 31 26 21

10 GeV | 160 120 89 54 50 42

15 GeV | 250 210 140 68 59 57

20 GeV | 310 260 230 83 73 66

After Preradiator

Process 2jets v-jet

Ef¢ R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60 | R=0.75

5 GeV 20 16 13 19 17 17

10 GeV 25 20 13 24 24 19

15 GeV 34 29 20 24 24 24

20 GeV 34 34 29 26 26 26
Irreducible QCD Background

Process 2jets 7-jet

E® | R=0.45| R=0.60 | R=0.75 { R=0.45 { R=0.60 { R=0.75

5 GeV 10 10 7.3 17 14 14

10 GeV 13 10 7.3 19 - 14 14

15 GeV 16 16 13 21 17 17

20 GeV 16 16 16 21 19 17

36
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enerWhich 1S (16, .32, 40.and..100

o LIBMC |

e pileup noise is proportional to

for two GEM Calorimeters

Thermal and Pileup Noise (GeV)

\/finteg'r ation, Where

tintegration 1S the integration time of the detector,

C

.ns..respectively- for ... . -

e pileup noise is proportional to Area®®, taking into

account jet correlation;

e thermal noise is proportional to Area®3, assuming
no jet correlation.

BaF2

LAr Accordion

0.042

0.45

0.60

0.75

0.0322

0.45

0.60

0.75

ot

9p

0.003
0.026

0.12
0.95

0.16
1.3

0.20
1.8

0.020
0.032

0.50
1.5

0.66
2.1

0.83
2.8

0.026

1'3 KPR

1.8

1..0.038 .

2.2,

2291

SHCAL-

LAr HCAL

1 0.082

0.45

'0.60

0.75

"0.082

0.45

0.60

0.75

ot

9p

0.003
0.068

0.03
1.1

0.04
15

0.05
2.0

0.13
0.12

1.3
1.9

1.7
2.7

2.2
3.5

SHC

0.068

1.1

1.5

2.0

0.18

2.3

3.2

4.1

9TOT

N/A

1.5

2.0

2.7

N/A

2.8

3.9

5.0




H® — vy Background (pb)

for Two GEM Calorimeters

Process

Yy

~v-Jjet

2jets

Total

B.F.

Isol.
S.S.
P.R.

Irr.

31
31
31
31

33
21
17
14

46
20
13
7.3

110
72
61
52

3.5
2.3
2.0
1.7

Process

Yy

v-jet

2jets

LAr System

Total

B.F.

31
31

.55

19
17

140 .|
T B f

20
10

70
58

4. 4 S E TR N P RN

2.3
1.9
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where

or

R(e/jet) Rejection and

Fake Electron Cross Section (pb)

2jets
Sl e T e L R LTl .-0.30 0,45
| R(e/_uet) by isolation. (10—5) 1. 21 |.12 .

R(e/jet) by E-p match (10~°)

5.6 3.0

R(~v/jet) by isolation (10—%) 74 | 53 | 4.1

0ot (PB) Mu_ sy > 75 GeV | 22 11 | 6.4

Gug_ott (PD) Mu,__ > 75GeV | 0.8 | 0.4 | 0.2
~v-jet

R 0.30 | 0.45 | 0.60

R(e/jet) by isolation (10'_5) 22 12 8.8

R(e/jet) by E-p match (10=°) | 3.7 | 3.7 | 3.7

R(~/jet) by isolation (10—%) 21 16 13

S 275Gev | 1.3 | 1.3 | 1.3

o-il
")l—

ot (PD) M oy

Cirack

(o2
Col _ (19 2)%, and
E '\/E ' P
P .
track <05
ECal

= 0.25%
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Background
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_HY— vy significanc

‘with-QCD' Jets Background in One SSCY =

Mg (GeV) BaF, System LAr System

i ss.|PR. | ur. | s5s. | PR | Inr.
80 3.0 33 | 35] 15 2.1 2.3
S0 4.0 43 | 4.7 ] 2.1 3.0 3.3
100 5.7 6.1 6.6 | 3.0 4.2 4.6
120 9.2 9.9 11 5.2 7.3 8.0
140 11 11 12 57 7.9 8.7
150 86 | 9.2 |10 | 48 | 6.6 | 7.3

1607 3.0 42 | 4822 | 3] 34| e
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On Vertex Determination in H— v Searches

Response to Dr. D. Froidevaux

Ren-yuan Zhu and Hiro Yamamoto

Laurntsen Laboratory
Ca.].ifornia Institute of Technology

- Pasadena, CASLLI25.:. o lou il dn T e

J‘Lﬂy }.‘4, 1992 - - - el ,_,;:':. T el . ‘:- .-J-‘E"'f_-_—f.;.'—..-f T -

1 Introduction

In GEM’s recent physics report to the PAC (GEM-92-126), we pointed out that
based upon our analysis using PYTHIA program the primary Higgs event vertex for
H— <7 searches at the SSC can be determined by using underlying event topology
with a probability of 85%.

A question was raised by Dr. D. Froidevaux concerning the reliability of this
analysis, and specially the Monte Carlo program used in this analysis. Dr. D. Froide-
vaux’s question was based on experimental data that the W production is not much
different from the minimum bias event.

After a brief study on this issue, we concludc:

"PYTHIA prcdxct:ons- T

e The higher pr of Higgs production, compared with W production, predicted
by PYTHIA, has solid theoretical backup: while W is produced through qg'
annihilation, the Higgs is produced through gluon-gluon fusion or W/Z2-W/Z
fusion. Here, gluon-gluon coupling is larger than quark-gluon coupling, so Higgs
gets more recoil than W, and W/Z mass in the propagator produces high pr.

¢ Theoretical calculations including high order corrections predict that the pr of
Higgs at the SSC energy is over 50 GeV, and the PYTHIAs prediction is consis-
tent with this resuit.



In this note, we discuss the facts and analysis, which leads to above conclusions.

2 PYTHIA vs Experiment Data

PYTHIA's predjctions for the W production has been compared with the UAl and
UA2 data. The comparison is published in Z. Phys. C32 67 (1986), which shows
PYTHIA’s predictions agree with data.

We compared PYTHIA mth the CDF da.ta. (for the W-boson mass measurement) N

" (a) and-(b) are the transverse energy of the W boson: and the scalar. Eg- sumyof the 77 i

underlying event measured by CDF, Figure 1(c) and (d) are corresponding predictions
calculated with PYTHIA 5.6.

Since we do not know the exact experimental cuts used in CDF data analysis,
Figure 1{c) plots the pr of W’s without any event selection cut, and Figure 1(d) plots
the scalar sum of Er (£ Er) of all partons produced in the rapidity range of £3.5. It
is clear from Figure 1 that the data agree reasonablly well with PYTHIA's predictions.
Also, PYTHIA tends to give softer distributions, which may be explained by data
selection cuts and/or detector effects,

The detailed comparison between PYTHIA and minimum bias events are given
in CERN 90-10 (LHC Workshop) 155.

3 W Vs 80 GeV H1ggs

.'?:"'of mass energxes of 1.8 TeV 16 TeV and 40 TeV, TIns i 2 measure of the tra.nsverse o T

motion of the underlying event. Figure 3 shows the ¥ Er of partons in the rapidity
range 3.5 for the same sets of events. This is a measure of the multiplicity of hadrons
of the underlying event. In each plot the average value is also listed.

As one can see from the average values in these plots, the < pr > and < T Er >
in the Higgs events are larger than that in the W production at the same center of mass
energy. This difference can be easily understood by diffrent production mechanism of
W and Higgs. While W is produced by q-q’ annihilation, the Higgs is produced by
either gluon-giuon fusion or W/Z-W/Z fusion processes. In corresponding figures of

. 48 Tt it
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Fig.2 and Fig.3, the contributions from giuon-gluon fusion process are shown in gray
area, and their corresponding average values (< pr >, and < £ Er >,,) are also
listed.

The < pr >4 and < T Er >, for the Higgs production are around a factor of
two larger than those in the W production. This can be understood by the difference of
gluon-gluon and quark-giuon coupling, where the average number of partons radiated
from the incident partons is different by a factor of 9/4.

The cross section of W/Z-W/Z fusion in Higgs production is around 25% of the

- -total production: cross sections af. the SSC.energy. The W/Z fusion process tends.to. ... .. .-

~ give a higher < pr > and < L Er > because pr in this process i 1s deten:mned by the

"W and Z mass which appears in a form of propagator.

4 Energy Dependence

The < pr > and < ¥ Er > show a mild energy dependence. This is determined by
perturbative QCD, which everyone relies on to predict pheromena at SSC energy.

5 Conclusion

In this note, we have shown that a big difference exists between the W production at
Tevatron energy and the Higgs production at SSC energy. The reasons are:

L The number of partons in the H1ggs productmn by gluon—gluon fusnon is twwe

" larger than that in the W production; -

"2 The py of Higgs from W/Z-WZ fusion s larger than the typical py produced "

by QCD radiation;
3. The mild energy dependence is predicted by the perturbative QCD.
The theoretical calculations (calculations done analytically, not by thousands of

lines of Monte Carlo codes) predicts that the pr of Higgs at SSC energy is over 50
GeV, which is consistent with or larger than the prediction of PYTHIA.

In summary, we believe that the difference between Fig.2(a) and (f) and/or

Fxg 3(a) a.nd (f ) are understa.nda.ble, a.nd the predlctlon is as reha.ble as other physxcs

..... 49



quantities at the SSC energies predicted by perturbative QCD based Monte Carlo
programs.

Note, we used the default mode for the Higgs production (MSTP(82) = 1) of
PYTHIA in our analysis. According to Sjostrand, this prediction is conservative. We
also used MINBIAS event of ISEJET to generate minimum bias events, so our esti-
mation by using ISAJET might be a under estimation. The result obtained by using
PYTHIA (85%) thus is more appropriate to use.
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Pt dist —— W vs 80 GeV Higgs
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~YEt(quark and gluon) —— W vs 80 GeV Higgs
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Determination of Higgs Vertex @1033

"'tlngmsh vertices from MBE: 85% according to

PYTHIA.

e If Higgs is produced with gq annihiiation: 74%

e Bottom Line: Random Selection of Higgs Vertex.

# of MBE 0 1 2 3 4
Probability | 0.20 | 0.32 | 0.26 0.14 0.06
PCorrect 0.20 | 0.16 | 0.087 | 0.035 | 0.012

* Conclusion: > 50% probabtllty you have a correct ™
-primary. .vertex. . e e A e o bt e

¢ Do not understand PAC’s comment.
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Higgs(80GeV) Event
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Jet Backghround

....». CDF Data:

== -Single:v: Data agree qualltatlvely with NLO
QCD calculation of Owens et al.PL B234 (1990) ~
127, except 3t pr < 20 GeV.

— Double v: Data are factor of 2—4 higher than
NLO QCD calculation of Owens et al.FSU-
HEP-920320 (1992), however, jet background
of 2jets and ~-jet are not included in the com-
parison, which should be factor of 1.7 of NLO
QCD.

e L3 Data:
Data is 14% higher than JETSET 7.3 with Ey >
5 GeV, and agrees with 4 > 20 GeV. Note the
background‘ from. jet has been scheled by 1.88 — =

e Do not understand PAC’'s comment on factor
of 5.
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Les Azcs, France, 19%2.

FERMILAB-CONF=-92/]46-E

QCD Physics a1 CDF
The CDF Collzboration”

Presentes by Robers M. Harmst
Fermi National Accelerwior Laboratory
Baigwia, Illinois 60510

ABSTRACT

We present measurstents of jet production and isolated proxxpt photon

produetion in fp collisions at /5 = 1.8 TeV Som the 1988-89 ron of the

o Collider Detector at Fermilab (CDF). To test QCD with jets, the inclusive
J T e et cross section (fp — 3 + X) and two jet angular distributions. (Pp—-IT 4+ .

- X) are compared to QCD predictions and are used to search for composite

SRR BT gty The vatio of the scaled jet cross sections at two Tevadron collision.... oot

energies (/3 = 546 and 1800 GeV) is compared to QCD predictions for Xr

scaling violations. Also, we present the first evidence for QCD imterference

effects (color coberence) in third jet production (fip — JIT + X). To test

QCD with photons, we present measurements of the transverse marmentom

spectrum of single isolated prompt photon production (fip — v+X ), dovble

isolated prompt photon production (fp — vv + X), and the anghlar dis-

v tribution of photon-jet events (fp — 7J + X ). We have also feasured the

isolated production ratio of 7 and =% mesons (Pp — 7+ X)/(gp — =% + X)

= 1.02 £ .15{atat) = .23(sys).

* The CDF collaboration: ANL - Brandeis - University of Chicage - Fermilab - INFN, Frascati - Hazvard

____________ niversity of lllinois - KEK - LBL - University of Pennsylvania - INFN, University of Scuola Normaie
Supcao:t of Disa - Pusdne - Roerefeller - Hubyers - Toxas AkM - Tsiuba - Tufts - University of Wisconsin
! Supporied by the U.5. Department of Fnerzy, contzacs number DE-AC02.78CE03000.
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Figure 8: a) The ilolgted prompt plioton cross section is compared to QCD. b) The CMS
angular distribution !‘or photon+-jet and jet4-jet evmtg is compared to QCD,

show the cos §* dist:iButio’n for jet+jet events ¥ compared to leading order calculations;

QCD predicts a Ratherford-like scattering distribution rnultmg from subpmceues with
t-chaniel glhon exchlngc (spin 1).

2.8. Isolated Dcmblc;,Photon Croas Section

In addition to probing the gluon distribution and testing QCD, production of two
shotons is g1 importan* backgrougd to Higgs -+ v+ at tly> §SC. The three typee of sub-
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Figure 9: a) The uoLated double prompt photon cross section compared to QCD predictions. 29

b) The invagiant mass of two non-prompt photons (NOT the di-photon n:um) shows peaks from
isolated x? and g muom.

2.4. Iaolated Meson ?mdﬁction Ratio n/x°

Isolated 7 and #® mesona are the primary background to prompt photons, so their
relative production rates is of some interest, Also, the igolation requirement, deseribed in
section 2, may enhance the fraction of promptly produced mesons ¥ relative to mesons
from jet fragmentation. We use small CES clusters (25 mrad), to separate the closely
spaced photons from #°s as well as 58, and require the two highest energy CES clusters
to be in the adjoining CEM towers of a single isolated EM cluster. Multi-x? backgrounds

are reduced by requiring the encrgy sum of extra CES clusters in the EM cluster be less
than 30% of the sum of the highent twa, Migidentifiention ~f ainole nhatean dchowara na
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MINUIT ¥* Fit to Plot 101&0

EC Cell

File: H101.DAT

Plot Area Total /Fit 33558. / 33558.
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File: Generated internglly

iD I1DB Symb Date/Time Areg Mean R.M.S.
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MINUIT Likelihood Fit to Plot 201&0
Proj. onto MGG axis
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Pointing and Light Higgs
Mass Reconstruction
With LKr/LAr EM calorimeter

o Light Higgs mass reconstruction at different luminosities.

 Energy resolution of LKr/LAr EM calorimeter

Paramerization of resolution vs ©

.o Angular resolution and pointing - experimental data (RD3) vs Monte
Carlo

e Stable method for position and angular reconstruction

o Pointing to the vertex and angular resolution with LX r/LAr EM
calorimeter

e Impact oﬁ Hy — 2+ width

K.Shmakov
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Hy — v+ decay:

6MH0__1 (5_%)2+(.6_122_)2+ CIRY
My, 2 En Ey \tan(2) )

EM calorimeter should pick up:
(1) Energy resolution o(E)/E
(2) Position resolution

(3) Angular resolution
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HO — 2v, 140 GeV HO
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HO — 2v, 80 GeV HO
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EM-shower Position
Reconstruction in 2 long. Sections
(stable method for Angular
measurements)
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x

Wi = max{0, WO -+
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S curve:

Corrections depends on energy
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Position resolution of the test module (FID3 prototype)
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¥ ANGULAR resolution at 90 deg
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RECONSTRUCTION CF HO MASS IN EM CALORIMETER 55 \“(

111 ASSUMING THE SAME BACKGROUNDS !!! krf—- /' .
G\
HO mass = 80 GeV \‘-
ir**************************************************************;***
Sigma peak Nevents Time discoverL
. (GeV) factor
© % Y v v ve Y v Yo Je Je T Y Jr sk Je Je v v e v S v Jr 3 e vk e v 3k g Pk v o A v Yo e Je S T v Jir e e o db P v ke e i O e e P e e v W o v v o e
1 HO vertex=x only
-deal Calorimeter 0.42 100 -1 -
/e = 5.'3%/@
nown vertex .
\parametrised resolution 0.47 86 ' 1.22
ind dead regions included) . -

Inknown Vertex 1.17 78 . 2.3

Luminosity L=10**%33 , 1 HO vertex is accomp=
by an average 1.6 ME

o e s Gy GE e YD SR D D G NS O AR SN NS GNP D W A S T D D G D MM AED GEE SN VD SR D GED D S A D SRS SNy G GNP D I D SN D SED G SR AN e G S N e S SN SO D SN e S

landom vertex 0.56 : 65 /. FE
\if ambiguous)

lealistic pointing 0.53 69 : /. L7

S S ey W G D R AN R D b mie GEE S A D IR M Gy e S T S G GED G AN D D AR S WP Gl S G I D N S S S AN o G SN SR A Al D I S R L AN S GNP e R W D e =

"Luminosity L = 10**34 , 1 HO vertex is accompai
, _ ' by an average 16 MBE,

.andom vertex 0.86 53 . 268
_if ambiguous)
ealistic pointing 0.75 - 68 /.85

's.\'******************'***********************************************3

-

¥ “.Se,u.m;m goz, ‘Tdeal' calorimeter I(?O €V/ Feqk -
('cu’c.s aund VL € L—s;a_] weze aPlae.e,d)
i. ]eoz Tdeal' calovmeter
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NoISE CALCUCAT/ONS MmEALURE MENTS

’ggr- LA /kr Ca(of';ne'f'fy

(chll ewlng)

(in Consoltahon with W-E. Clelaud) V. Radeke,S. Rescicd &Sy,

g,

B Mea.swcmd' cp ﬁu‘m&l neise, ‘n ”‘Z'Mn" A“”JM.’; Te-f’&'

+
. v, Ar ad compltely pure
'6 P - qa ns 135KV, 3‘1;“‘:

- 3x3 Sx§
Ar 35 MV/Tower 23 jo5 - 175
= j,s'l'-V kr- A0 M'.V/TDUG" 60 /o0
het pure 1) 45/&4{ hightr taan Ar
Y Preanp noise lowe @ 120K
2) Clelend 0l Shrn Find 63 = LSGeu (R) 27
A a’A'y x asp
- Y - fr - "
7 R0l Fr sans s 6 s 33c,,

3 st = 6rr 6% &7, ~(/ Y '
™™ Pu TH (/t‘f,) ) 5"“=°E-_ m

- | 6r (GQ\O (tf)(ns)
- Ar Kr |

0.08x0810.15y (190) |osrg (s00) |
R=0% 3.4 (89 3.1 (fo) | 141

R=p.60|5.% (80) [4¢ (s00}




0.45)

Thermal Noise {GeV) (R

10

,LKr N?ise -LHadroIn

C g 1 f ! JT
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