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Abstract: 

Attendees, minutes and presentations of the GEM H0 -7 Yf Task 
Force Meeting held at the SSC Laboratory on August 4, 1992. 
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H 0 -> 'Y'Y Task Force Meeting 

August 4, 1992 

Abstract 

Transparencies of the H 0 -> 'Y'Y Task Force meeting held on August 4, 1992 at the 

SSC Laboratory are presented. 
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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 0 -. II 

studies including those done for the LHC. 

Renyuan Zhu presented a two hour talk on his results in H 0 -->II studies (see enclosed 

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

a) Recent experimental data agree well with PYTHIA predictions. Thus the factor of 5 

uncertainty in jet background cannot be justified 

b) 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 0 --> II search. 

He quoted Sally Dawson advise to use the 1.5 K-factor in H 0 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 looks too clean. There 

should be some particles compensating the 32 Ge V mean PT of the H 0 • Renyuan 

acknowledged that the shown event was selected from 10 events sample to demonstrate 

that H 0 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-r-r 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 0 --+ /I studies (see enclosed 

transparencies). Using different isolation algorithm he get a factor of 7 better rejection 

of the background in 'Y - jet events. The significance of the H 0 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 PT 

do not reduce the 'Y - jet background but will cut the jet - 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 0 --+ 'YI as just an example. GEM need to 

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

/ /7r 0 separation. 
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_/ SSC PAC Report - July 1992 

3.2 Calorimetry 

The committee 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 Report): 

1) The overriding concern is the ability of GEM electromagnetic calorimetry to 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 -. yy, has been 
described in GEM-1N-92-126. for both electromagnetic calorimeter options. The results 
are summarized in Tables 13 and 14 of that document Some comments follow: 

a) Jet backgrounds 
From Table 13, we can extract the excess jet background (from y-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 BaF2, and 77pb for excess jet 
backgrounds versus 58pb for irreducible backgrounds with LAr. For a Higgs 
mass of90 GeV, this corresponds to 4c and 2a significances for BaF7 and LAr 
respectively, in one SSC year. The large uncertainties (of order ofa 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 BaF2 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 concerned that the GEM baseline design may not be 
adequate for H ~ y y, 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. 
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H-+ rr Study fo;r GEM 

···•··••· ·• • ··· ··· .·.···· · ·· ·· · •• • ···. > R·eriyuan zllu ····· 
. .. : . .;·-- ·-.:;:.. ··.·· .·. Caltech · 

GEM Meeting 

Dallas, August 4, 1992 

• Signal and Background; 

• Main Issues: 

- Higgs Vertex; 
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Energy Resoluti.on of BaF2 Calorimeter 

where 
:.-· .. :-···-·- :<:::::· _;:: . . - . ·-: .-.;. ·._::_:_. __ ·.:-· - . 

· ·.. • a 0 is the contribution from etectrica I .noise, sum med·.· · · ··. 
over detector readout channels within a few Moliere 
radii around the center of the lateral shower dis­
tribution; 

• al is the contribution from the photoelectron statis­
tics; 

• the systematic term b has three contributions: 

b2 = bn2 + bG2 + bc2 

bG represents the geometry effect, including 
shower leakage at the front, side and back 
of the detector and inactive material between ···· ·.·· 
cells; 

.. -: .. : . . . ··-.- .. :; .-.· • ;-.· ··-.. - · .... : :_::·. :··:-:-.-::.;;;: ·:· ;: ::_ -:: ;-:::·-::>-:-·: :.-:-: ·.·;-·.; . ;. . - ; : :::_;.·'._:_•;;:;_.: .: ~-= :: .;. -::_.;";. . ;-:;·.: . ·-· ·. :: ... · .. . •/;". . -.... : 

bn represents physics noise, including fluctua­
tions and uniformity of response from active 
media etc.; 

be represents intercalibration error. 
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E (GeV) 5 10 20 50 100 200 500 

Thermal Noise 0.4 0.2 0.1 0.04 0.02 0.01 0.004 

P.E. 0.2 0.14 0.1 0.063 0.045 0.03 0.02 

bG 0.60 0.43 0.32 0.30 0.30 0.30 0.36 

be 0.40 0.40 0.40 0.40 0.40 0.40 0.40 

Total 0.85 0.63 0.53 0.51 0.50 0.50 0.54 
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Eve.nt Acce.ptance 

Dead Space: 
.. . ··.··· .. · .. ·- ·. ··-:·· ·:.:.:·,·: .·. ··;· .. :.-: ·: . .. 

• BaF2 !111 ~ O ~ 0.0525 and ['111 ~ 1'.308 :;__ 1:428; ··· ·· ·· 

• LAr 1111 = 1.18 - 1.39. .. 
Process BaF2(0) BaF2(P) LAr(O) LAr(P) .,., 

H __.. "Y"Y 0.95 0.86 0.87 0.83 0.49 .. 
Htt-.. 77µX 0.86 0.77 0.77 0.74 0.16 

Htt-.. 77ex 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 

... . ----: .-:·: .. · .· .. ·> :·-:;: ';;: . ··-· . 

···::·:··-·.;·::;·'.·.·-::-· .: .· ... 

.. 

:.-· : .... - -.. . 16 ··.· .......... · 

.. 



-: 

~i 
""1:. 

:::· 

' 

) 

' :• 
' 

:;:.; 

) 

• High Statistics: 

S= 

·:· 

Ns. 
+­
~ 

Vl'.tJ 
:;:: 

:·: 

• Low S tat:lstrC:s: 

) ) 

Significance 
.. ' 

"·' 

··:. 

J ,Cdt As JlA 0.683a 11 -+f'f' . 
. .· ex 

VJ ,Cdt AB RA 2a 11!/1'1' R~ : 
.... 

::: 

·,· 

< ·. i='n(A) = Ane-A 
n! 

RA I ,Cdt 

a Ml'/' 

where A i~ the expected value, i.e. N s for 1:he signal and NB 
for the background. · · 

The probability of signal events caused by.·batkground fluc-
tuation is: :: · .·. · 

00 00 

i='rob =.: E [F'n(Nn + Ns) x E J=>ni((v n)l 
rt~O 1n=n 

) 

\. 
.. :-

::::-· 
..: 

. .... 

·:. 

· ... 



··-·· .. . .. . ••.· 

200 

..--.. 
,.a 100 ...... -

C/J 
C/J 
0 
~ 
u 5 

0 

. ;·- .. 

: -:.-.·-·:-.·;·· - . ;. .. : 

._._.· 
.·: .· • :<·-··. 

·--···· 

b) (tt/W)H 
~')'')'lvX 

100 
-·.. . . · .. -: • ·. -: .<; . 

·-·;.::.·. .··.-·.··.-: .· .-.· .-.·.·._._.-.·-.. -... ·. 

c) H~zz• /ZZ~4e 

20 
:-.. ·.· - .·. -· ·: ";" : .. ·-·- <: .· ... · ._ .• : . ::;·· ... · . 

. -. . _: :-; -.:..:· 

10 

0 
150 250 500 750 

": .. :: ··.- .. -.. .· _.;. ··- :·:·:';:.··. 

:; .. ;·.········ ....... 
·-·-~·: :_;:· .·.·. ;. ... ·-:--:: -.- .;.;_: ::·.; -:····. -;.: ;. ..; .-:.;;·- ::-·-··;' .. ···.·· .. -.•/· .· -.. ;·· 

.. -·.· .. -.·:- ;.;·.· . : ... ~- ;;.• -· : ~- . . _.: . :: •.·.-. 

-

-

-

-
-

""' 

""' 

.. 

-



-
... ·.·.-:·.··:·:-: - - . .- .-.-.• -> 

..... . Cross~Section (fb) and Events/SS CY ··· ···· 
- -.-· .;-:. 

MH (}' H( 'Y'Y) N·rr (}' l.H ( 'Y'Y) Nz11 (}' H( 4e) N4e 

80 124 510 8.4 18 

90 144 610 8.0 20 

100 169 730 7.8 21 

120 211 990 6.9 18 

140 180 880 4.2 14 6.5 27 

150 128 630 2.6 8 7.9 39 

160 52.6 270 0.87 3 3.7 16 

170 2.3 14 
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- I T/'"'f'"'f I< 3 ~ reduce qq - 'Y'Y· .-\" 

-t'~ 
• Qjrect Photon Background· _ ~ \-\ -

- 276 pb (gg- 11: 198 and qq - 'Y'Y 78); t ~ '{ 

- After selection and isolation (5 GeV, 0.75): ~ .. 
32 pb for Mn E (75, 165) GeV. f ¥ 

• OCD Backgroynd: 
+ . 

« /'l -- ?jets: 2 mb; -::> 

.. : . ; .. · . 
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- After shower shape analysis (5 mrad): 21 and l~O 
16 pb (28/29); + 
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. . .. .... ··· ... ······ 

~ Figure 2: Transverse energy distributions in EMC {or two typical events from signal 
proceH of H-+ 'Yi (a) and irreducible background process rr (b). 
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as Function of a and b 
. ·:·. :: ....... ·-···;.·:: 

·•·.· ... · .. 
.. ; ... :·:.:: •.; ·.·· 

. . . . .. · .. ·.······· ··:.·· . ; :· ·: . ··-:-· ·- .·· :· ·.; .. ·;-.. · .··. 

a 2.0 3.0 5.5 7.5 10 15 

MH - 80 GeV 

b=0.5 1.0 1.1 1.5 1.9 2.4 3.4 

b=.75 1.4 1.5 1.7 2.1 2.6 3.6 

b=l.O 1.8 1.8 2.1 2.4 2.8 3.8 

b=l.5 2.6 2.6 2.8 3.1 3.4 4.2 

b=2.0 3.4 3.5 3.6 3.8 4.1 4.8 

MH - 150 GeV 

b=0.5 1.0 1.1 1.3 1.6 2.0 2.8 

b=.75 1.4 1.5 1.7 1.9 2.3 3.0 
b-·1·0 is-· 1.9 2;0 2.2 2.5 .I 3.2. - . .;; :< .·· 

. b=.1.5 . ... •. . .. ·-:· .• ,2 • .6 . ..2.t~ .2.8 .. . 3.0 . . 3.2., ... 3.7." .. .· ; ...... ·- .. ··---:·:::·:.··-:;· .. 

b=2.0 3.6 3.6 3.7 3.8 4.0 4.4 

.. ·: .. · ··27··.·-·.·· . 
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Ratio of H-+ 11 Peak Width -
as Function of ox, a and b. 

ox (mm) 0.5 1.0 1.5 2.0 2.5 3.0 

a=2 b=0.5 0.97 1.0 1.0 1.1 1.1 1.2 

a=5.5 b=0.5 1.5 1.5 1.5 1.6 1.6 1.6 -
a=7.5 b=0.5 1.9 1.9 1.9 1.9 2.0 2.0 

a=15 b=3.7 3.8 3.8 3.8 3.8 3.8 3.8 

... 

as Function of 8z, a and b. 

-oz (mm) 1.0 2.0 3.0 5.0 10. 50. 

a=2 b=0.5 1.0 1.0 1.1 1.1 1.5 5.4 

a=5.5 b=0.5 1.5 1.5 1.6 1.6 1.9 5.5 -- .. 
a=7.5 b=0.5 1.9 1.9 1.9 2.0 2.2 5.6 

a=lS b=l.O 3.8 3.8 3.8 3.8 3.9 6.5: 

.. 

.. 
28 
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Transverse Energy Distribution 

········ ·········· 
-····· ··········· 

······· ········ 

0 _,..,,. 

2.51 5 
. 0.5 0 5 1 0 

- ·-1.52-,j -2 -
Transverse EM Energy 

·-···· . 

2.51 5 
. 0.5 0 5 1 0 
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Transverse EM Energy 

... ... 
... 

... 

Figure 5: Tta:nsverae energy distributions in EMC for two typical everits from back­
grou:nd J)tocesses: (a) 7-jet and (b) 2jets. 
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Isolatjon Cut 

• Generate 2jets or --y-jet with PYTHIA5.5, 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. 

• Search through all cells (~71 x ~t/J=0.04 x 0.04) 
to identify all cells hit by photons only, find ~rll · -

• Charge Veto: if there is a charged track hitting 
neighboring 8 cells ~ Reject; 

• Define the sum of E¥ll's of these 9 cells CE9cellsE¥") 
as the E~hoton; 

• Isolation Veto: if the sum of the transverse en­
ergies in a cone of radius R (R=J ~712 + ~</>2), 
excluding the E~hoton, is larger than 10% of the 

E~hoton plus an isolation energy cut (E¥t). 

L Er - E~hoton :>_(E¥t + O.lE~hoton)~ Reject; 
r 

• Optjqn: use only cells with transverse energy larger 
than 3 standard deviations of combined thermal 
and pF~e-up noise: 
150 MeV for BaF2 + Spaghetti, and 250 MeV for 
L.Ar. 

30 

-

-
-
.. 

-
.. 

.. 

.. 

.. 

.. 



-

-

.. -:.;.•;.:: .. · . .;.:-;·:-·-· .. -.--.:-.-:-----· 

Isolation Rejection Factor (10-4 ) 

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

Eyut R=0.45 R=0.60 R=0.75 

·•·• ........ 6 .. 8 ...... :< 6.2.···•·· 

8.6 

· .. · .;·' .. -.. ".;:_.·;·.·.· ;; .. 

15 GeV 

20 GeV 

13 

16 

10 

14 

• :y-jet: 237nb ("Yq: 226 and 1'9: 11), 
95% quark jets and 5% gluon jets. 

13 

R=0.45 R=0.60 R=0.75 

5 GeV 16 13 9.6 

· ·1o·GeV···•· 30• .26·. . 22 .... ·•· 

.................................... ···1·5·· 'G~V··· ········ .. ·40················1···'······...:34.· ·· .. · ····-'32"···•·>·••·.·· ... 

20 GeV 54 47 43 

r • Result: 

··:· ..... -

·.:·_: :-.··-:-;-:: .·:·.·.· ... 

10-3 for quark jets and 2.2 x io-4 for gluon jets. 

.••.. · : .·. :.<:·_-:_.;·.·: .· .··· ·.·: 



2 Gamma Invariant Mass Backgrounds 
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Figure G: Comparison of parton invariant mass spectra from three QCD processes: 77, 
7-jet ud 2jets. 
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QC Q Ba-ckg,ro11n.d R.e.iect·iQQ 
.. . --

Shower Shape Ana.•~s-is aad Preradiator 

• Calculate Background x-section by analyzing iso-
. latecl .Photon. cao.clidat~~ ,pa~t11gJ,sql9liPri .. cu~ .. ·/ ..................... ,-:•.:.;.-.-·•'.• ......................... .;.::.-.............................................. .__ .- .· ........... -. - . - -- .·. 

-·.·. · ...... -. • ca12t:JTate o for each isblat~d phOtbn candidate: - ·-·. 

· . ."; ··.·: .: 

- l:i Ei x Oi 
O=----

LiEi 
where 

-and E1 is the energy vector of the ith photon in 
the isolated photon candidate. 

• A detailed GEANT study by H. Yamamoto shows 
that isolated pJ\oton candidates with 0. > _5 .m.r~d .. ·.-. 

-call be effectiveiy_r'._ejected by using shower shape·.-· 
-..... analy.srs. '--"'_,., ....... _ ........ _,_ ...... ,,,, ...... -. ..:--...... __ .,,..................... ·· ·· ... -...... ··· ...... --.--.... ·:"····- .... - · --··--· 

• Assuming isolated photon candidates with ()M > 2 
mrad may be rejected by using an effective prera­
diator. 

. . . ·.:·:.·· .. ;_.;•.:. : .·· -:-: .·>. :.::: ... 
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Number of Photons in IPC 

Entries 
Mean 

70 
2.500 

. ··.O .•. ··"········· ... · .·.·'RMS .............. . .. J .59.7 ..... / . 

..· .. · .:··· , ... ·.··')·G·.· · ····· ........... '"·t··· a amma-:-Je 
. . .· .. -· ... · . 

' ' I ' I • I . ' ' ' ' ' . I ' ' • ' I ' I .• ' ' 

0 0. 1 2 3 4 5 6 7 8 9 10 

10 
9 
8 
7 
6 
5 

. ··. ,4 .•·.·· 
3 

···2·· 
1 
00 

.· .... : :_ 

1 

N Particle in iso photon (dr=0.75) 

·--- -<:· 

---~I~ 31 
3.306 
1.401 

- -~ . . ·.·. •.;.· .· '.• :-·: ,•.·.··.· -: .. ·.; -.-:-:. - :· : ·-:.-- ··: ;:; . .; •·· :- •·. . ; .· . . - .- . . :.: -: ·.· ·. -·-· . .- :: . . .. . 

' ' ' 

2 3 4 5 6 7 8 9 10 

N Particle in iso photon (dr=0.75) 

Figure 9: Distributions of photon numbers in isolated photon candidates, passing an 
isolation cut of R = 0.75 and ET'' = 10 GeY from lOOk events each of (a) i-jet and 
(b) 2jets • 
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E Weighted Angle in IPC 

Entries 28 
Mean 0.6571 E-02 

··.··· .. ·.· ... ·.·····.· ..... · ········ ············ RMS < ··· ··.·. 0,5351E-02 ·· ·· 
- .- .. - ·- _-:---- ...... :) .. G. . ... . . .. .. . . ... ·._t ...... 

. -..... 

3 
2 
1 

a amma-Je 

0 
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 

5 

4 

3 

2 
1 .. 

E weighted angle in iso photon (dr=0.75) 
Entries 25 
Mean 0.6500E-02 
RMS 0.6615E-02 

.. _... ··- .-· 
b) 2Jets 

·-··:-·- ··< .. --:. .... ·-·-·:. 

0 
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 

E weighted angle in iso photon (dr=0.75) 

Figure 10: Distributions of 8 of isolated photon candidates, passing an isolation cut of 
R = 0.75 and ET''= 10 GeV from lOOi: events each of (a) "T-jet and (b) 2jets . 
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Table 2: QCD Background Cross-Sections (pb) -
After Isolation 

Process 2jets 7-jet ... 
ET'' 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 780 510 360 140 120 110 

20 GeV 1200 940 800 190 160 150 

After Showe Shape Analysis 

Process 2jets 7-jet .. .. 
ET'' 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 1-jet 

ET'' 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 31_ 29 26 26 26 

Irreducible QCD Background 
.... 

Process 2jets 7-jet 

ET'' 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 G-eV 16 16 13 21 17 17 

20 GeV 16 16 16 21 19 17 .. 
36 
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Thermal and Pileup Noise ( GeV) 

for two G.E:M Ca 0lori•meters 

• pileup noise is proportional to Jtintegration• where 
tintegration is the integration time of the detector, 

. •· ·······.· ... vvllicois.16, .32,40.a.no .100,ns .respectively-for ... ·· 
BaF2 ,. SHCAL, LAr accordion and LAr HCAL. 

. ._: - . . . . . . . . . : ... ·. .. . - .. ' - ' · . . · .. .: ·- :"·.: . . . . . . .. -. 

• pileup noise is proportional to Area 0 ·6 , taking into 
account jet correlation; 

• thermal noise is proportional to Area0·5 , assuming 
no jet correlation. 

BaF2 LAr Accordion 

R 0.042 0.45 0.60 0.75 0.0322 0.45 0.60 0.75 

(jt 0.003 0.12 0.16 0.20 0.020 0.50 0.66 0.83 

(jp 0.026 0.95 1.3 1.8 0.032 1.5 2.1 2.8 

. (jEMG . . 0.026 ... 0,96 . 1.3 . . . 1.8 0.038 . 1.6 .· . 2.2 ·.·· .2.9. .. . 

SHCAL.:- LArHCAL 
: .: ;- : ... ; . . · ...... ... . · .. 2 . . . · .. ·.· 2 

. 0.08 0.45 0.60 0.75 0.08 0.45 0.60 0.75 

(jt 0.003 0.03 0.04 0.05 0.13 1.3 1.7 2.2 

(jp 0.068 1.1 
' 

1.5 2.0 0.12 1.9 2.7 3.5 

(THC 0.068 1.1 1.5 2.0 0.18 2.3 3.2 4.1. 

~(jTOT N/A 1.5 2.0 2.7 N/A 2.8 3.9 5.0 

. . . : .:.-.· -·-· . : .·.··-:-· . 37·· ;·.:_ .. -:.- .. -. :- . . ·-: 
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.; ... -.;::·::.:.·. : . .:.·-.·>.·.-·· .. ····.· . ---·.-· :· .. _ .. :·· 

Ho --+ 'Y'Y Background {pb) 

for Two GEM Ca Jori meters -
. :-;. .:-:-: :-:. -:- .. · -: :.-: .. : .. : .. <; ·-·- ·:: .::-:·.: ..• : ••. ·.: .-.·. • .. -··.·: .· • ;-: ; ; ·-; ·. - :-; ·. . :.: . -:· ·: •. . : . - · .. -. - .. ~- .. .• . .. ...... ·.·. •.; ... : .- .· BaF::2 .. System 

·.-.·· ; .. ·.-.· .·. 

Process II 1-jet 2jets Total B.F. 

-Isol. 31 33 46 110 3.5 

S.S. 31 21 20 72 2.3 

P.R. 31 17 13 61 2.0 -
Irr. 31 14 7.3 52 1.7 

LAr System 

Process II 1-jet 2jets Total B.F. 

. . ·.··.·.: .·· Iso1.- .31·· . · 55 140 226 . 7.3 .. • .. ·-:.·.:::·;: 

-
·· · ··:S,S: · ' ··31···· ···:··3·1·:·-··· ······73··· .. =·· 135 ····· 4.4 

.. 
P.R. 31 19 20 70 2.3 

Irr. 31 17 10 58 1.9 -

.. 
.. ,;·:.·. ··; ·. · .. .;·.: .. · . .. · .. · .. 38 ·.· .···=.· :.• .. -.--·-·-.·-· 

.. 



<·.-:: :_.;.;·:·:·:; ::::;;: ;:. ·.-.;·: .·.•.·.;:" . ·.· ·._.;..; ·._. ·.· .;· . . .· . ··>.· ' •. . ·. · ... · .. ·· 

R( e/jet) Rejection and 

Fake El.ectron Cross Section (pb) 

2jets 

. ·· .. : ......... · .... ... .· '.; ·.· ... : .. R., .. · .. ·. ·.··· . ·. . . ···.·· .. • . . •. Q.30 . 0.45 .. 

R(e/Jet).by isolation (10~5}. 21 .· -12 . . · ... 

R(e/jet) by E-p match (10-5) 5.6 4.0 

R( 1 /jet) by isolation (10-4 ) 7.4 5.3 

a "1-e11 (pb) M "-r-e" > 75 GeV 22 11 

a "e-e11 (pb) M.. II> e-e - 75 GeV 0.8 0.4 

1-jet 

R 0.30 0.45 

R(e/jet) by isolation (10-5) 22 12 

R(e/jet) by E-p match (10-5) 3.7 3.7 

R( 1/jet) by isolation (10-4 ) 21 16 

a "-r-e" (pb) M "-r-e" > 75 GeV 1.3 1.3 

.. · ... ·· .. ;-.-: .. · .·. 

............. ·.· ...... · . . :·. 

where 
a cal = (~ ffi 2)% and <7track = 0.25% 

E ..JE ' P2 
or 

·::.-

Ptrack 
--<0.5 
Ecaz -

. -~··r . 39 

.-.-0.60-- . . ·:· .•. -:-· . 

8 .. 1 
• '·-:-.-·.·.·.· .. 

3.0 

4.1 

6.4 

0.2 

0.60 

9.8 

3.7 

13 

1.3 

-·; .. 

·. -.. ;· 
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Irreducible -y7 

Background 

. . . . 
·:-.... ·. - ... . . . . . . . .. . . . .. . •/ . . . · .. ·. . . . . . . ..... . . 

Drell-Yan e + e ..._' - . · . ··::: - · · ·.· 

After CT (10-3
) Rejection" 
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.·.···:-:. .;.;.:'·:···--:;:;.:-:-·:·.;:''. :";'. :-.;.---:·-. :-:-:·:·<'.:->··· : .. :: .·.-:·.·.;·.: ... . ; . :-.:. .·. _.-. •.·.< ;. : -:·· .· . ···.· ... · .. ;-:.-;.·.-..... · ....... ·.·-·· 

dN/ dM(yy) R(y / e) 1 % 
12000 ~-------- 12000 

10000 10000 

8000 BOOO 

6000 
.•. -.- ·.< -:.: •· .. :. : . <;".; ·::.:.·:::· ,:;_ '. ;-·-- . ·.-:._.; 

. 5qq9 .;. -... : < ... : .:· :·.: .. : • .·.- .. ·.·· 

BO B4. ·. BB 92 96 100 . . .BO B4 .BB 92 96. · 100 
;'.;.·-.·.··· .··;.·- .. -·- .. · .. · ...... · ..... ·.-· .... . ··.··.--;;;·:·:··. ·.· .·.·. ·.·. ·.·.: .;:_.·.·.·.· ;·. 

BaF2,K=1 BaF2,K=2 

10000 10000 

BOOO BOOO 

6000 6000 

80 84 88 92 96 100 80 84 88 92 96 100 

LAr ,K= 1 LAr ,K=2 
12000 --------- 12000 ---------

10000 10000 
--:--·-·· .. · -· .• · .. > 

BOOO BOOO 
...... · ... -.. ·:· -·--· ... · .. ;-.-·····:.-· .. ·:. .···.· ... ·.· 

6000 6000 

BO B4 BB 92 96 100 BO B4 BB 92 96 100 

Sampling,K= 1 Sampling,K=2 

-
.. : : •.. :; .·.·• - • _.<· ·. ,_., ... ··· 41 :-: ... ·:_· 
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-

-
- - . : : ·-· ·-:·-- .- •. ·:. ~ :-: .. : - ::.· .. 

H0 -+cl Significance 
··: ...... --.-- . - .· . · .. ·.;:·:>'.·_:,.• .. •.· ··.· .. -.···· 

·with QCD Jets Background· in One SSCY ··· 
... 

... 
MH (GeV) BaF2 System LAr System 

S.S. P.R. Irr. S.S. P.R. Irr. 

80 3.0 3.3 3.5 1.5 2.1 2.3 -90 4.0 4.3 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 5.7 7.9 8.7 
... 

150 8.6 9.2 10 4.8 6.6 7.3 
- .. .. 160 . . ·•. 3.9 4.2 4;5 2~2 . 3.1 . 3.4· . ·. . - .. _.-. ::·· .-:- .. . :·.;·.::;· .·.··· . 

. -
. · ~---

.-.•. · · -. ,. • ·'". -·-.. ·.::-. ·-·--. -: .-.. •.·.-·:_._ .. .; .. -.;··.<·:-;: .:-·-- . 
... 

-
.. 
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On Vertex Determination in H-t II Searches 

Response to Dr. D. Froidevaux 

· ..... -

Ren-yuan Zhu and Hiro Yamamoto 

Lauritsen La.bora.tory 

Ca.lifornia. Institute of Technology 

.;._ · :: .- ::::P;l:Sadena,::CA-;9:1125·.;=:· , :··. , __ .· · ·_·.: .. 

· July 14, 1992 < .... • 

1 Introduction 

..• .. : 

In GEM's recent physics report to the PAC (GEM-92-126), we pointed out that 

based upon our analysis using PYTIDA program the primary Higgs event vertex for 

H- ii searches at the SSC can be determined by using underlying event topology 

with a proba.bility of 85%. 

A question was raised by Dr. D. Froideva.ux concerning the reliability of this 

analysis, and specia.lly the Monte Carlo program used in this analysis. Dr. D. Froide­

va.ux'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 conclude: 
. -··· . .:--<·· · .. < .. ..· ... 

• The W production da.ta. publisned by UAl, U:A:~. IL!1d_yDF a.gr.cc well with . , • __ 
.. firimA. prdictio~~~i. • ' ' •· • .· . . . . . . . - . ' . 

• The higher PT of Higgs production, compared with W production, predicted 

by PYTfilA, has solid theoretical backup: while W is produced through qq' 

annihilation, the Higgs is produced through gluon-gluon fusion or W /Z-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 PT· 

• Theoretical calculations including high order corrections predict that the PT of 

Higgs at the SSC energy is over 50 GeV, and the PY'THIA's prediction is consis­

tent with this result. 
:: :.- .· :.·.·; : -·~. :-.· . 47 .·.· .. ·.·. · .. . ....... · 
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In this note, we discuss the fa.cts and analysis, which lea.ds to above conclusions. 

2 PYTHIA vs Experiment Data 

PYTHIA's predictions 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 with the CDF data (for the \¥-boson mass measurement) .... 
. · ... p~blished ill PR n43. 2010. (Hl91 ). Fi~e i ~ho~~ thls·~~pa.ri~ii. While Fi~r~ •.• ·.·· 

(a) and(b) arethe·transverse energy of the W boson· and the sca.J.ar ~· sum·of the·•·•• 
underlying event measured by CDF, Figure l(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 l(c) plots the PT of W's without any event selection cut, and Figure l(d) plots 
the scalar sum of ET (:E ET) 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 Higgs 
.. · ... 

. . Figure 2 .shows the PT distributions of W and 80 Ge V Higgs produced at three center .... 
6£ ~s eii~Si~ or i.ii 1'~ v, i6 '.reV ~~f 4o·t;v: This u; ;. ~~~~ ~t th~ tr~~· ···•• • 
motion of the underlying event. Figure 3 shows the :E ET 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 < PT > and < :E 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-gluon fusion or W /Z-W /Z fusion processes. In corresponding figures of 

····; ·-·. . ::.-:: .. - ··.: .. ·:.· .. ·.·· . . :. 
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-

-

-

-
.::-':;:;· .·· 
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-
Fig.2 a.nd Fig.3, the contributions from gluon-gluon fusion process a.re shown in gray 

area., a.nd their corresponding a.vera.ge values ( < PT > gg a.nd < :E ~ > 99 ) are also 
listed. 

The <PT >99 a.nd < :E ~ >99 for the Higgs production a.re a.round a. factor of 
two larger than those in the W product.ion. This ca.n be understood by the difference of 
gluon-gluon a.nd quark-gluon coupling, where the a.vera.ge number of pa.rtons radiated 

from the incident pa.rtons is different by a. factor of 9 / 4. 

The cross section of W /'Z-W /Z fusion in Higgs production is a.round 25% of the 

tota.1 pr()ci11ctioo. •. cross. s~tions a.t the SSC energy .. The. W /Z fusion process tends tc;> 

give a. higher< PT > a.nd < :E ~ > because PT in this process is determined by the 
w a.nd. z ~s w!iicli appears in a. form of propagator. . 

.. · - ~- .- . 

4 Energy Dependence 

The < PT > a.nd < :E ~ > show a. mild energy dependence. This is determined by 
perturba.tive QCD, which everyone relies on to predict phenomena. a.t SSC energy. 

5 Conclusion 

In this note, we have shown that a. big dilference exists between the W production a.t 
Tevatron energy a.nd the Higgs production a.t SSC energy. The reasons a.re: 

1. The number of pa.rtons in the Higgs production by gluon~gluon fusion is iwice 
.. - .· ... · ... -. ' - . . :;. . _.. -. . ... -.·; ·.· .. - .. . 

larger than that in the W produc;qon; 

2. The ~~f Higgs fr~m wji-wiz f~i·o~ isl~~~ th~.tli~ tY};i;;J;;:: ?~~~··· 
by QCD radiation; 

3. The mild energy dependence is predicted by the peztuxba.tive QCD. 

The theoretical calculations ( ca.lcula.tions done a.na.lytica.lly, not by thousands of 
lines of Monte Carlo codes) predicts that the PT 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) a.nd ( f) a.nd/ or 
Fig.3(a)· a.nd (f) a.re understandable, a.nd the prediction is a.s reliable a.s other physic$ 

. ···...... 49 · ... .·.···· 
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quantities at the SSC energies predicted by perturba.tive QCD based Monte Carlo 
programs. I 

Note, we used the default mode for the Higgs production (MSTP(82) = 1) of 
PYTHIA in our a.na.lysis. 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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- l:Et(quark and gluon) -- W vs 80 GeV Higgs 
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Determination of Higgs Vertex @1033 

~ High p~ C>f Hig'gs production can be used to dis~ · 
tinguish vertices from M BE: 85% according to 
PYTHIA. 

• If Higgs is produced with qq annihilation: 74% 

• 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 

··· Concrusr6n: > so~_protia bilify, you ha\/e a correct 
.... ··.·.•···: .. pri.m.ary .. vertex... . ..... · .. , . .. . . .............. · ..... ·.·, .................. ,, ...... , .. 

• Do not understand PAC's comment. 
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Jet Backghround 

•. CDF Data: 

···. - Single 1: Data agree qualitatively with NLO 
QCD calculation of Owens et a/.PL B234 (1990) 
127, except it PT < 20 GeV. 

Double 1: Data are factor of 2-4 higher than 
NLO QCD calculation of Owens et a/.FSU­
HEP-920320 (1992}, however, jet background 
of 2Jets and 1-jet are not included in the com­
parison, which should be factor of 1.7 of NLO 
QCD. 

• L3 Data: 
Data is 14% higher than JETS ET 7 .3 with E-y > 
5 GeV, and agrees with 1 > 20 GeV. Note the 

·· ·· ·· · ·background from jet has been scheled by 1.88 --+ 
.· .... · .......... Pcita is 1;>~:29% hJg11(;!r}hCln ~l=T?~J·. ..·.·.·.······· w • _ .. 

• Do not understand PAC's comment on facto·r 
Of 5. 
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ABSTRACT 

We pz-c -=mb oi jet production &11.d ilola&ed pzumpl pliotoa 
piodactian iD. PJ1 collisiam at ./i,.. 1.8 TeV from the 11188-89 ~ aC the 
CoDldc Detector at Fcmilab (CDF). To test QCD with.jets, the i.D.dmbe 

jeC c:rma ~ ~ - J + X) and two jet angula: ciiabilmlOlll (Ip:,.... JJ + . 
X) 8111 compared to QCD predictions and are wed to search !or composite 

.; ... ·. 

.· ......•. • ••.. .. •. • ... qciatlcs;•-'?hir·:rat.io or the scaled jet c:oss sed:iom· &t. ·--~ ~ •...••.•. : •. • .•..•.••.•. ·.• . 

amgia ("'4 = 546 a.nd 1800 GeV) is compared to QCD predicdcml far Xr 
seallAg Tiola.tiom. Also, we present the first evidence far QCD jab+• 6 au:e 
eft'ec:ts (color cohc:ence) in third jet production (JJp ..... 1JJ + X). 'Xo mt 
QCD 1ritb phoccms, we present meaauttments or the b:amvcae wo tmn 
spectnim fll aiDgle isolated prompt photon production CIP-"'I +X), d.Ouble 
.ilcNated ptompC photon production (fi;> - "f"f + X), ad the ~ dis-
trihttioc o£ photon-jet events (flp - 7J + X). We have also~ the 
uolaa production ratio of rt and ~0 mesons (Pl' -+ 11 + X)/(ltp-+ :r0 + X) 
• 1.02 :!: .lS(•tllt) :!: .23(3y3). 

•The CDF coUaboiauon: .A.NL· llrnndeio - Unive:si'Y 0£ Chkago - Fc:milab- INFN, Fzascau- llarnrd. 
.... • .. Uni-nni~7 o!D.lm,ois- :KEK • LllL • Uni-reaiiy oi Pennsyl~a - INFN, Univcrsit,- of Scuola Normaie 

Supaioi:t ¢!1'!M,; PudtiP. • lln~lr•folle? · Ku~i;u• • Tt.:;&a A.I<!>!. Tsnb~ - 'I'l11ts .·uni.,.nl~y ofW"1.1collJUI · · 
I Ssl'f""r..d lir dH1 U.S. Deput;::mit "t' F:ne.g;·, cc~""<I ~ucber DE-ACO:Z.T8Cl!03000. 
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Pointing and Light Higgs 
Mass Reconstruction 

With LKr/LAr EM calorimeter 

• Light Higgs mass reconstruction at different luminosities. 

• Energy resolution of LK r / LAr EM calorimeter 

Paramerization of resolution VS e 

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

• Stable method for position a.nd angular reconstruction 

- • Pointing to the vertex a.nd angular resolution with LK r / LAr EM 
calorimeter 

• Impact on H0 - 2/ width 

-

K.Shmakov 
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Ho ~ 'Y'Y decay: 

1 
-
2 

EM calorimeter should pick up: 

(1) Energy resolution u(E)/ E 

(2) Position resolution 

(3) Angular resolution 
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b) 

Fig. 2. (a) Artist's view of the accordion calorimeter geometry. 
(b) Developmenr of a 40 GcV electron shower (Monte Carlo 

simulation). Only charged tracks above 10 MeV are shown. 
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Angular Resolution Study, 90 GeV electrons 
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EM-shower Position 
_ Reconstruction in 2 long. Sections 

(stable method for Angular 
-

-

-

measurements) 

Xcalc = SUM(Wi x Xi)/SUM(Wi) 

Wi = Ei · 

S curve: 

l 
Wi = max{O, WO + 
In (Ei/Etot)} 

(T.C.Awes et al, NIM 
A311 (1992)) 

- Corrections depends on energy 
and long. segmentation 
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!' ANGULAR res o I u ti on ( 6 8) as a function of E, G .. 
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1 Z-VERTEX resolution (c5Z) as a function of E,8 
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I p II 
Sbxhastic term in ANGULAR and Z-VERTEX resolution 
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LKr (Barrel)/LAr (Endcap), 10**33 Luminosity 
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: : : : : . : : 
: : . . : : : 

........... :. ............. ..:. ............. .!,.............. ······---~.--········· ~--············r. ·············t. ··-··········~.:············· : : : 

72 74 76 78 80 82 84 86 88 90 

Random if ambiguous 
Inv.mass (GeV) 

i - x' i Q.9222 
.......... °i ............. t ............. t·--··--······1·····------· .............. [···--· "Cqri.sfo·r;r·t·····--·--·--1·3g;r:5--
... : ....... t-----········+····-········+············-~---········· ~ ···········-~·-···· --~n---······+·······-·····~·OO:Q.+ .. 
M :k 80 iGeV i i i i Si'ma i 6.5248 

H····~···· · ··f · ·· ····~---···········!··········· ··:·· ··········-~·-···· · . . . . . . . . ' . 
: : : : : : : ' ' . . . . . . . . . . ' . . ' .......... ·-· ........... ·-............ ·-· .. .. .... .. .. .. .. .. . . .. . . .... . ....................... -.......... ···-···· ... --···· •.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . ' . . . . . . . . . . . . . .......... ·:· ............ ·:- .......... ·--:·· ............ :· -· .. .. .. ·--:··· ..... ····: ............. ·: ............ ·;· ............ :· ............ . 
: : : : : : : : . . . . . . . . . . . ' . . . . . ........... ; .............. ;. ............................. .;. .. .. ... . . ·•·· .. . ..... --~- ............. ;. .............. ;. ....... -· .... ~- ........... .. 
: : : .: : : : : : 
l ~ ~ l ___ l l ~ ; l ......................... -........ ·····-··-·· ............ .. . . . .. ...... .. .. . .....•............. -- ............ ·-· .......................... . 
l l ; ; ~ i ; l l 
: : : : : : : : : 

·······--··~···--··-··· ··-:- ····-········~············· ~--·· ······--·1·· ....... ····~··· ····--·····:-······--······:····--······--~··· .......... . : : : : : . : : : 

72 74 76 78 80 82 84 86 88 90 

Realistic pointing 
Inv.mass (GeV) 
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LKr (Barrel)/LAr (Endcap), 10**34 Luminosity 
(fl 225 _._, 
c 200 
Q) 

> 175 
Q) 

150 

125 

100 

::::::::::r:::::::::::+:::::::::::::r::::::::::::r::::::::·::::,::·:::::::::::::::::: ::2:~~~~~::r::::::::::::i:~:~T5~~:: 
! : : : . : M~an : : 80.02 .M .......... ['"'8'6'TG ........ ;/T'"•"""'T''"'" "T" ......... , ...... "'si\;:;~ ....... r ............ r·;·:;·5·5 .. 

H .... ,.... . ·+ .e ...... ;. ............. ; ............. ;... .. .... ! ............... , .............. , ............. ;--........... . 
l ~ ~ j : ' ' ' ········· ··r .. ········ ··r·············-~·-············r···· · ······ !······ ·· ··r ····· ·· ···· ···i· ·--·-- -- ---- --1---···· --- ·· -- ;----· -- -- --·--

......... --~ ....... ·- ... --~- ............. -~-- ............ {··.. . ...... -~ ............. ~- ............ -;- ............ --~-- ............ ~- ............ . 

... 

... 
75 

; l l l i . [ i ' 
··········-~---·········--:-········ ··----:·-······ ...... ;-- .. ·········l···· ........ ; ......... ····-:··· ...... ···---:·-········ ----~- ············· 

i i ; : i : 1 ~ ~ 
50 . -- ...... --~- ...... ·-.... + .......... ···+·.. .. .. .. . i• ............ ·~.. .. .. . . . . . . .. . ............ ·~· ........ ·- ... +- ·- .. -. ·- -· .. ~- ............ . 
25 

j l ~ ~ ~ ~ ; 
··---····--r--······---·-·r····-······-·-=····· ·····}······-··-----1··-----·······1····-··-······ ... 

0 
70 72 74 76 78 80 82 84 86 88 90 

(GeV) Inv.mass 
Unknown vertex 

(fl 320 _._, 
c 280 
Q) 

> 240 Q) 

200 

:::::::::J::::::::::::r::::::::::::r:::::::::::::r::::::::::::r·::::::::::J:.::: ::~2L~~~~:r:::::::::::::;:~;;~:: 
: : : : ; : : : 
: ; ; ; . : Mean ; : 80.00 

11:~:::~:::80:!c;~:v.:::t:::::::::::::t:::::::: ... J: ... :::::::::t::::::.::~'.::~~:::::::L::::::::::t~~~:: 

... 

; ; l l 1 i i i ~ 
160 

. . . . . ' . . . 
·---··· ····r········--···t··--······---t·······---···~---····· ·····1---·- ········r··········· ···r ·············t····· ···· ···-1· ·· ·· ·· ·· ··---

: : : : : : i : : 
120 ......... --~ ............. +·····. --·· ··-+··· ·-·-...... ~- .. .. . . ·- ... !·· ... . .... -·~· -- .......... -~ ............ ·+· ··-· ........ ~- .......... --. 

: : : : : : : : : . . . . ' ' ' . . 
80 

40 

: : : : - : : : : : 

:::::::::::t:::::::::::::r:::::::::::::r:::::::::::-1::::: .. ::::::r::::::.::::r:::::::::::r:::::::::::r:::::::::::r::::::::::: 
~ l ~ l \ : l l 

... 

0 
70 72 74 76 78 80 82 84 86 88 90 

Inv.mass 
Realistic pointing 

(GeV) ... 

... 
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... 

-
LKr (Barrel)/LAr (Endcap), 10**34 Luminosity 

(/) 
-+--' 200 c - QJ 
> 175 
QJ 

150 

x2: 0.8383 

:::::::::::;:::::::::::::r::::::::::::r::::::::::::i:::::::::::·· i··::::::::::::r:::::: ::~:~t~:~~::r:::::::::::::::~~:;!:: 
M·H····; .... .8.o .. :G.e.V .... : .............. ; .......... ..;. ......... ) ...... Si: mo : 0.8573 

' . ' . . . . . . . . . ' ' ' . . . . . . 
125 

' . . . . . ' ......... --~-- ........... t ...... ·-·· .. ·t· ............ ~--· .. . . .. . .... -~- ............ -~ ............. .:. .......... -.. ~- ............ . 
: : : : : 

100 : : : : ................................................ -........................... . ···········r····----------T·············r·············r··· · : : : 

75 
! : : : . : : : 

•••••••••••~•••••••••u••+••••••••••••••~••••••••••••••i• ••••••••••••!••••••••• ~-•••••••••••••:•••••••••••••••:--••••••••••••~•••••••••••••• 
: : : : . : : : 
: : : : : : : 

50 ........... ~ ............. .:. ............. ~........ .. ; .............. ; .............. ~.. ······ ... :. ............. ..;.. ............. ~ ............. . 
: : : : ; : : : : 
: : : : : : : : : 

25 
. . . . . . . . . ......... ··:-··· ........... ~ ............ . ........ ~- .. ····-·· .. ·~·-·· ......... ··~· .... .. . . ............. ···~··· .......... ~- ............ . 
: : : : : 

0 
70 72 74 76 78 80 82 84 86 88 90 

Random if ambiguous 
Inv.mass (GeV) 

- (/) 320 
-+--' 
c 280 
QJ 
> 240 QJ 

200 

:::::::::::r:::::::::::::r::::::::::::r::::::::::::r::::::::::::r·::::::::::::;:::::: ::~=~~~~:r::::::::::::i:~:~~:: 
: : : : . : Mean : : 80.00 

···········[·· ........... t·············t·············j··········· j·· ........... [ ........ Si.,,ma···· .. -+ ............. q,7405·· 

M, ... ; ... s.o.fG.e.v.:+ ............ i········· ··i··· ·······+·············r············+·· .......... 1·············· 
160 

120 

: : : : : : : : : ........... ;. ............. ..;.. ........ ··-·· .; .. ·--··· ...... ~-........... -~ ............. ;. .............. ;. ............. ..;.. ............. .; ............. . 
j l ; ; ; ; j l j 
' . . ' . . ' . ' ··· ·· ·· ·· · ·r· ·· ···· ·· · ·· ·t· ... ·· ·· ·· ·· ·1 .. ····· ... ·· ·· 1--··· · · ·· ···~-- ··· · ·· ·· ··r · · · ·· ·· · ··· · ·· ·r ·· ·· · · ·· ·· · ··t· .. ·· ·· ···· ·· 1· .... · · ·· · · .. · 

80 
: : : ·: : : : : : 
: : : : : : : : : 

·········--r···-·--······t····:·····--·r-----··--····1·~ ·----···t----···· ·····r············--r--·········-·t·--··--------1·············· 

40 
i i ; : ! : j j 

........... ;. .............. ;............................. ·······----···i··············· ·············~----····-----·:------······--.; ............. . 
j ~ l l ~ : ~ 1 

0 
70 72 74 76 78 80 82 84 86 88 90 

Realistic pointing 
Inv.mass (GeV) 
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RECONSTRUCTION OF HO MASS IN EM CALORIMETER I s \. - ( 
! ! ! ASSUMING THE SAME BACKGROUNDS ! ! ! l r- j' v () ... 

HO mass • 80 GeV /
1 

'**************************************************************l*** 

Sigma peak 
(GeV) 

Nevents 
* .. 

Time discover~ 
factor 

'****************************************************************** 
l HO vertex o n 1 y 

·------------------------------------------------------------------
:deal Calorimeter 0.42 l.00 l ... 

5'/E -:. 5. S3 /fE 
0.47 86 1.22 

::nown vertex . 
(parametrised resolution 
md dead regions included) -
Jnknown Vertex 1.17 78 2.13 

·------------------------------------------------------------------Lum in o ~·it y L • 10**33 , 1 HO vertex ia accompa 
- by an averaqe 1.6 MI!~ 

-------------------------------------------------------------------
landom vertex 0.56 65 
;if ambiguous) 

lealistic pointing 0.53 69 I. L,7-

·-------------------------------------------------------------------
L u m i n o s i t y L • 10**34 , 1 HO vertex is accompa1 

· by an average 16 MI!F-

·-----------------------------------------------------------------~-
~andom vertex 0.86 
if ambiguous) 

53 2.68' 

.ealistic pointing 0. 75 . 68 lf15 
.. 

******************************************************************' 

Assl.Al'>\;"'a ~o"t,. '.LcteGlL
11 

c.qlo"';""e-ber<. 100 -ev/ pe.c:ik .. 
(Cl.\ t.s o.i.~ t E. [ - 3 j :.J we"tJZ app e;-eA ) 

i. f 01 "Iol ea l 1 

CA eo"t.; ~e 1e..'1. 
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Howard Gordon 
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N 
0 1 

si; c ALCvLAT /DIVS "" m €AfvP.te ,.yiE"AJTS 

.fer LA r J Kr- Cc. (or/,., efr; 
( <;.-h-// e.volv1~/) 

neisc. 

/0 5' 

.,_O Mt.V f Towv 'o /00 

1) 'f/4, ~.t~" It.-. A,. 
'1-) P"e..-.p 1141;.s« I~ v ~ I Z.O II:. 

2) Cfe.U ~ ,+er,. +.·"~ 6f :: /. ~ GeV (A) 0
· =1-E:, 

/:t;.'~7_><1J<f 

-3) CS'r = v'°b'r!°.,. t;ptJ,_ 6;.H ~(ftl°)3/~ 

6"°r (~V) (t )(11s) 

6.P'c = <!£ f. u, II.$ 

-A.; t p '11. 

At kr 
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... 

LKr Noise - Hadron ... 
1 0 

Iii . • Thermal Noise (GeV) (R = 0.45) ..,. 
8 0 · ··········· ········ __. - Pileup Noise (GeV) (R = 0.45) 

II 

ES 
- • - Total Noise (GeV) (R = 0.45) ... 

> 6 ..... ~-·····L.···········+······ .. , ............................. . 

" Q. ., 
.!!l 4 0 z 
Cii 

',t~~:;;~f=t~ ~~ ... 
E 
ID 2 
~ 
f-

·····7· ................. _ ......................................................... . 

0 
0 40 80 120 160 200 -

Shaping Time (ns) 
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-
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.. 
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