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Physics/Simulation Group
Meeting - SSCL

September 23, 1992

Abstract:

Agenda, attendees and presentations of the GEM Physics/Simulation
Group Meeting held at the SSC Laboratory on September 23, 1992.
Agenda items are: Discussion of Physics Issues Related to Hadron
Calorimeter; Critique of SDC TDR Physics Performance Section;
Discussion of Topics and Responsibilities for GEM; and Plans for
Simulation Tools -- e.g. FAST1+.



Tentative Agenda
Physics Performance Meeting
Sept 23 lpm -—=> ave

I) Discussion of Physics Issues Related to Hadron Calorimeter
Decision
- H ——> gamma+gamma (Mitselmahker et al)}
- Missing Et (F. Paige)
- Others??
The main issues relate to hermiticity, transition region
near eta=1l.5, and speed. These appear to be the main
areas of performance difference between the calcrimeter
options. A final one I neglected above is resolution and
tails.

2) Critique of SDC TDR Physics Performance Section.
HEiro Yamamoto will lead a detailed critical discussion
of the SDC Physics Section. Please read it thoroughly
in advance of our meeting. It represents a good
reference point for us as we develop plans for our
chapter for the GEM TDR.

3) Discussion of Topics and Responsibilities for GEM
TDR Physics Performance Section.

4) Plans for Simulation Tools -- eg FAST1+ (TBA)

Our plan is to have an extended Physics group meeting approximately
half way between collaboration meetings, and a shorter meeting (because
of conflicting meetings) during collaboration meeting weeks. We
encourage all Physics/ Simulators to spend several days at SSCL

around these meetings so we can interact with each other and wozk

more as a group, rather than just interact at the formal meetings.
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Beam Test results
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Fitting by exp( KXx) and gauss*exp( kx)
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A.Vanyashin
September 23 1992

Hxx Yook Yorca

Specifications to Angular Resolution
in EM Calorimeter

Stromd C'.‘KO\;\@— YD de (\,-»o \Jaf*‘r%>

Model used:

1.80 GeV H>yy (PYTHIA 5.6)

2. FASTI EM Calorimeter
(modified to account LKr in barrel)

8 = 55% g © oa%
3. Pileup simulated explicitely (Tomasz S.)

4. Position resolution effects neglected
5. For each 7y angle smeared according to

A® = — @ b

/E

6. ©,y corrected to account for constrained fit

7. Worsening of significance relative to a perfect
angular resolution calculated and requiered to
be better than 0.9 .



GEM TN-92’-'“1"i"9:
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K. Shmakov

Hy — ~y decay:

L (B 4 () + ()

What is requied from the EM calorimeter:
(1) Precise energy resolution o(E)/E

(2) Angular resolution — to measure the angle © be-

tween 2+. (I.ﬁ veu'Eex (S uh\(uowv\)
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Ren-yuan Zhu and Hiro Yamamoto

GEM TN-92-126

Intermediate Mass Higgs Searches
with GEM Detector

3.5 Effect of Position R.esolution

It is also mteresiing to ses ihe effect of shower position resolution. Table 7 shows the
ratio of H— vy peak width as a function of the shower posiiion resolution (éx) and
energy resolution (a and b}, for Higgs mass of 80 GeV. The numbers in the table are
normalized to the case of 2 = 2, b = 0.3 aad éx = §y = 1 mm. It is cdear that the
shower position resolution of an order of few mm will not compromise the discovery
potential of a precision EM calorimete:.

Table 7: Ratio of H— v Peak Width as Function of #x, a and b.

Sx(mm) |05 |10[15]20]25]30

. 1 a=2 |b=0.5{0.97(1.0/1.0 111112 >
. : 15151516 16|16 V\e%\(g‘&e

3
0.5}19 [18119{1.820]240
a=15 | b=3.7| 3.8 |38 |3.8|3.8[3.8|3.8

3.6 Effect of Vertex z Resolution

Table 8: Ratio of H— ~~ Peak Width as Funciion of éz,22nd b

éz (mm) | 102.0]3.0]350]10. |50

a=2 [b=05]1.0 10111115354 0
a=55 | b=03 (5 [15|16][16[19([55P —°
a=7.5 | b=0.5 |19 [19]1.9 2022586

a=15 | b=1.0[3.3[3.8(38(38]39 63
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Significance of 80 GeV Higgs
(in % of perfect resolution Significance)
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Worsening of 80 GeV Higgs Significance Due to Angular Resolution
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Summary and overview of the detector 2-21

Table 2-8

3 Exam i ibed io thi . The results displayed
8 f the expected physics performance of the SDC detector .descnbed iz this Report ¥
here :slsi:::g dat:x:,amples corresponding to ao imtegrated luminosity of 10 fb=!, or one year at the S5C design

Jeminosity of 103 cm~3s™1. Any exceptions are explicitly noted.

Physics Process fass Regios (GeV) Physics Signature # Pﬁ
jated Higgs Producticn )
Associaied T8 80 - 150 WeE E+E—trr  Jp 4
i Higgs Production —
Pirect Hiege 130 - 180 H—2Z =4t Ky
180 - 800 H—2Z—4 J
500 - 800 B —=2Z —2t2v &
High Mass Boson Pairs - H> lvwlaz-gl \0},’+ 'w
Requires integrated luminosity o v g;yﬂ_z. t"’(t:‘;. ,
least 50 fb=! for comp'ste studies 1-2 Te —_ ~v
at or yo W+W+ b ﬁt“
Discovery of t Quark .
Mass Measurement of t Quark -
Sequential Dilepton Mode < 500 Honet—=Wb Woer, b—pu+X
the other ¢t — 3 Jets
Lepton + Jets + b-tag Mode <500 tHonet—=W4+X; W—

the other £ — Wb — b + 2 Jets
Noon-standard ¢ Decays

Violation of 7 Universality Mg.SM.,-lss t—-E*b; E*-o#y; x4+ X
Peakin 2.Jet Mass Distribstion My S Mup—25 t— H*b H:* oo (@
Gluino and Squark Searches
Missing-E; + Jets 300 - 1000 75— EFm 4 36 Jets .
Like-Sign Dileptoas 200 - 2000 §9 = FLE 4 4 Jets i
New Z Searches
Discovery SATeV b AR Y o &
7idth and Asymmetry : <2Tev Z' L
‘Compositeness L

. AZ225TeV Inclusive Single Jet Spectrum

QLD - . q

less favorable, due to the larpe cocztributions from the W/Z + jets and 11 processes. Nevertheless, these
modes could provide an additional method for studying the very heavy Higgs region, allowing searches to
be extended into the TeV region.

Follocwing these studies in the context of the llinimal Standard Model, it is natural to -explore what
happens in more general models of the symmetry breaking sector. A more complex, but theoretically
attractive, model is the minimal supersymmetric version of the Standard Model (MSS). In this model,
there are five Higgs bosons: three neutral (A%, H®, A%), and two charged (H2). The theory has two
fundamental parameters and the analysis is more complex. It appears that over much of the parameter
Space, at least one of the neutral Higgs bosons should be visible, either in the SDC detecstor, or at LEP-II.
However, some regions of the parameter space remain inaccessible.

The previous discussion focussed on the W+ W="and ZZ final states, where the Higgs appears directly
as a resopance. It is also important to study other boson pair channels to probe the electroweak theory
more thoroughly. In particular, if no Standard Model Higgs is found below 1 TeV in mass, it is almost
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2-20 Summary and overview of the detector

day towards the end of their last run) become commonplace a: the SSC (the SDC detector will be capable
of recording W — ev events at a rate of 10 Hz at design luminosity). A second example is the production
of the t quark. For My = 150 GeV, Fermilab would produce about 100 events during the next several
vears, whereas the SSC would produce 10® ever:s per SSC yvear.

The largest interesting cross section at the SSC is that for the production of two jets. One event out -
of 104 (i.e., a rate of 10* Hz) has two jets with a cijet mass of greater than 400 GeV. This cross section is
107 times larger than that for photon pair production, serving as a reminder that robust pkston and lepton
identification are essential for SSC physics. Heavy quarks and other colored objects such as gluinos would
be produced wish large cross sections. Even for a mass of 1 TeV, there are at least 10 events produt':ed
per vear. Heavy new Z bosons are also prelifcally produced, with the observable cross section extending
out to a mass of 4 TeV. Finally, the Higgs production cross section is very sma.l!‘. At most one event out of
10* would contain a Biggs boson, and the bra=ching ratios uaeful for :t§ detectmn‘ are a‘.so.gma.ll. For the
decays of the Higgs to two photons or to four leptons, the branching ratios are typically 107°.

In the sections below, we briefly describe the physics capabilities of the propesed SDC detector, and '
summarize its performance in Table 2-8. ;
Electroweak symmetry breaking

The single most important physics issue for the SSC is the study of electroweak symmetry htu.h.ng
1o the context of the Minimal Standard Model, the existence of a fundamental scalar ﬁelc! prw:def the :

——

HEETY DIeAInY ImMechATISIN. An (IS CESC, MIIRIC ZILES LR J VERIC -
with the symumetry breaking sector, and its mass is the only unknown parameter. Itisimpentiv?thatli
general-purpose SSC detector be capable of observing such » Higgs boson at any allowable mass in order ;
10 eitber verify its existence, or to rule it out and force consideration of alternate mechaniems. i

Pt P S Nard Model Highs divides naturally imto three imass regiops, each with its
R ted strategy. For the Jow Inass TeSION 100 & Niap S ISU"GEV), the domunant iggs decay mode
are H — bb and H — r++~, which are both overwhelmed by backgrouads from the decays of t quarks. The
most useful rhode in this kinematic region is the rare decay H — 7y, which occurs at next-to-ludingorda‘
through loop diagrams. The Higgs itself is very narrow in this region (the width is less than 100 MeV for
Higgs masses below 160 GeV) so that this decay mode provides a very distinctive signature. However, the !
direct production of the Higgs through gluon fusion suffers fom a large background of QCD eontmnm’
production of pboton pairs. The production rate for a Higgs in association with a W or tf pair is suppressed ;
by a factor of 10-20 compared to the gluon-fusion rate, but the presence of an additional high-p; leptos |
from the W or t decay provides signiScant backgromnd suppression. A complete analysis of the associated
production processes shows that the SDC detector, studying the {77 fxal state, sbould be capabie oii
discovering a Higgs in the low mass region within a single SSC year (see Fig. 3-11 and Fig. 3-13). ;

For the intermediate mass region (130 < Mmgs < 180 GeV), the branching ratio for H = Z2Z° becomes
significant (the = denotes a virtual particle). This decay mode provides a very distinctive signature of four
isolated high-py leptons, with little background. The SDC detector, studying this final state, should be able
to observe a Higgs anywhere in the indicated mass region after one SSC year (see Fig. 3-18). ;

For the beavy mass region (180 < Muign < 800 GeV), the WW and ZZ decay modes dominate. In the:
lower part of this mass range, discovery via the H — ZZ — 4{ mode appears straightforward (see Fig. 3-22
and Fig. 3-23). As the Higgs mass increases, the cross section for its production decreases, and its width
increases dramatically (an 800 GeV Higgs has a width of 270 GeV), making discovery more difficult. We.
bave studied the H — ZZ — 4{ and H — ZZ = 2{2v decay modes in detail. The latter has six 1*.5.1::9i
the event rate of the former, but requires particular scrutiny because of the requirement of observing thtf
missing transverse energy from the neutrinos. The conclusion is that, through a combination of these tﬂ;
final states, a Higgs with a mass of < 800 GeV should be observable within one SSC year (see Fig. 3.25 :.nﬁ'
Fig. 3-28). Above this mass region, the signal becomes marginal at SSC design luminosity. For this re
the H = ZZ — 2{+2 jets and H — WH — v+ 2 jets decay modes were also studied (their hrmﬁ
ratios are 20 and 150 times larger than that of the H = 4{ mode). The signal to background ratio is mnéi
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i FIG. 2-9. Ennﬂudtﬂdunmuthm:l‘hﬁﬂ -y cross sections are for
wm«vm(lq”|dh,l<u)ﬁmmm&- . For heavy-quark pair

’ (giuino pair) production, the crom section is ewluated at A = Mg (A = M), Thempc‘hu‘&ﬁl s
i* assumes A, = 150 GeV. The Jft scale is total cross section divided by 100 mb, the appratimate total . -
PP cross section, and 80 the aumbers are apprastmate productios probabilities per collision. The scale ¢o B
fi the right is the number of produced events per year uader “standard conditions,” defined as opersticn
§ at £ =107 cn~35~? for 10" 5. These rates must be further dowarated by braaching fractions and
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Table 3-1
A summary of the parameters of the baseline SDC calorimeter which have

been assumed in the subsequent analyses. The calarimeter depth is quoted in
interaction lengths (A).

. Parameter Barrel Endcap Forward
Coverage inl<l4 14<|ni <30 3.0<|n <860
Radius of front face (m) 2.10 :

z position of front face (m) 4.47 12.00
Compartment depth
EM (+ Cail} 1.1 0.9
HAD1 4.1 5.1 13.0
HAD2 4.9 6.0
EM resolution
a _ 0.14 0.17 0.50
b 0.01 0.01 0.05
HAD resolution
. a . 0.67 0.73 1.00
b 0.06 0.08 0.10
HAD nonlinearity . .
a ' 113 : 1.16 1.16
8 | 0.31 0.38 0.38
o.so;r‘r—rv—]‘—r—rl—rlc R IS SLALALEL
0.25} -3
’ - 0.20 —
S :
’ £ 015 A
= | 3
S 0.10 -
0.05 | _ -
b 1
6.00 bt d o L0 o b .3

06 05 10 1S 20 25
y e _ .+ Eta of Muen
FI1G. 3-2. The resolution of the combined baseline tracking and muen system as 2 function of 5 for several
Pe values. The solid curve is for p, = 1000 GeV, and the dashed (dotted) curves are for p, = 250 (100)
GeV, .

septon and photon identification

We take the global electron and muon efficiencies within the detector acceptance to be 85%4or analyses
equiring isolated leptons. 1his can be compared with CDF experience, where a value of 85 £3% is obtained
sr W and Z electrons, including the effects of triggering and mild isolation cuts{2]. In the case where the
nalysis requires two such leptons reconstructing to an on-shell Z boson, the lepton identification cuts are
daxed for the second lepton, and the efficiency for the second lepton is taken to be(95%.) For electrons,
uds efficiency includes the effects of track finding and ftting as well as electron identification (e.g., an E/p
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FIG. 3-1. The resolution of the baseiine tracking system as a function of n for several p; values. The solid
curve is for p; = 1000 GeV, and the dashed (dotted) is for p; = 250 (100) GeV.

Calorimeter system

The calorimeter is assume e angular region |n| < 6 with 2 basic transverse segmentation
that is a multiple of|0.05 in An and Ad.| The unit in phi is actually Ag = 27/128 = 0.049. In the

simulations described in the remainder of this section, the segmentation will be varied within the range
of 0.05 to 0.8, but keeping a constant segmentation as a function of eta. The current electromagnetic
(EM) calorimeter design has an n-dependent segmentation that increases by a factor of two from a base
value of 0.05 at 1 values of 1.8, 2.6, 4.4, and 5.2. The current Mﬂcm with
a_segmentation of 0.1 and increases by a factor of two at 5 values of 2.2, 4.4, and 5.2. The calorimeter
= ongitudinally, sepmented 0 53 EU gt [EMD) end oo Eadonit sepments (HADL sad HAD?)
with depths given in Table 3-1. Parametrizations of the Jongitudinal and transverse ibutions of enexgy
leposited in indiyidual calorimeter cells have been derived from EGS Monte Carlo simulations for electrons
and ZFTIS test beam data[1] for hadrons- These parametrizations are subsequently used, in conjunction
with the sifigle particle resolutions and nonlinearities, to simulate the response of the calorimeter in the
ollowing sections. A uniform magnetic field of 2.0 T is assurned to exist inside the barrel region.

In designing the SDC calorimeter, complex tradeoffs have been made between EM and hadronmic
ingle-particle response. High performance EM calorimetry demands fine sampling and large samphng
raction. Maintaining this sampling througbout the hadron calorimeter would be prohibitively expensive.
Che resulting discrepancy between the sampling in the EM and HAD calorimeters induces a 7 /e response
atio different from unity. There are other factors which further enhance this nonuniform response (choice

f absorber material, ratio of absorber to scintillator thickness, etc.). A careful analysis of the physics

equirernents bas been an essential ingredient in optimizing the SDC calorimeter, and the resulting design
slaces greater emphasis on EM than on badronic calorimetry.

The single particle resolution has been parametrized in terms of a stochastic term (a) and a constant

erm (&)

oE)_ & _,

E " VET

-be symbol & means that the two terms are added in quadrature. This model can be generalized to
he case where the sampling plates in the calorimeter are pot projective, assuming that the stochastic
erm is due to the sampling, and hence varies as the square root of the effective plate thickness. The
‘arametrization for the barrel ( In] < 1.4 ) is:

o(E)

_d
E VE
1

»-"'/



Detector simulation

SDC table

Use parametrization

CAL barre]l :AE/E =a/NEt+b
 Endcap :AE/E=anNEl+b

Jet barrel :a=0.61,b=0.016

Assume
Y/jet=5x 10-4
e/ jet =5x104/50

based on CDF data 77?2 R =0.7, Et=2 GeV

FAsT (&

PYTHIA *PépAGeuo +
- ISAITET + LERWIS
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Intermediate mass Higgs ( 80 - 130 GeV )

SDC almost gave up !!!

It 1s for GEM

- We have to do it !!!

It is difficult for them,
and 1t is difficult for us, too.

=> Two small signals ( < 100 GeV ) or
=> Too large background ( 2 100 GeV )

For both case,
=> Uncertainty of the background
Should be prepared for it

H>v+y
=> QED radiation from quarks -
| non-zero irreducible background
in jet-jet + jet-y events
=> Uncertainty of the fragmentation
function

103



Table 15: Numbers of Signal and Background Events in One SSCY for H(tt/W)—
&yrX Searches

No pa« P = 40 GeV
R 0.30 | 0.45 ; 0.60 [ 0.30 | 0.45 | 0.60
Higgs (80 GeV) | 28 | 23 | 18 | 21 | 18 | 14
Higgs (0 GeV) | 30 | 25 | 20 | 24 | 20 | 17
Higes (100GeV) | 30 | 25 | 21 | 25 | 21 | 17
Higps (120 GeV) ] 24 | 20 | 16 | 22 | 18 | 15
Higgs (140 GeV) § 17 | 15 13 | 15 14 11
Higgs (150 GeV) | 10 | 8 7 5 8 | 65
Figes (160 GeV) | ¢ |34 |27 36| 3 | 25

tEpy 58 | 48 | 3¢ | 52 | 44 | 32
Weyy 26 | 25 [ 25 |15 | 15 | 15
£t 308 {246 [ 185 | 123 | 61 | 61

Zy—ey"y | 93 | 88 | 83 | 49 | 47 | 45
Ty — Ly | 206 | 177 [ 151122 | 96 | 79
Wy—2yy |235 208 | 76 | 54 | 43 | 43

7.2 Significance

* Since the statistics of both signal and background is low, Equation 5 can not. be used
to estimate the significance. We thus estimate the significance by using a convolution
of two Poisson probability distributions.

We assume 2 signal peak with defined width is observed over some background.

The expected number of signal events in mass interval of Mg =% oo is N,, and the

corresponding number of background eveants is Ny. The probability of observing certain
number of events (n) follows a2 Poisson statistics:

Ane-3

P.(A) = =
where A is the expected value, i.e. N5 for the signal and Ng for the background.

(14)

If one observe n events, the probability of these evenis caused by background

104
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H>WW/ZZ > [+v/ | +1+2jets

no serious study, but possiblely interesting points
High pt W/Z -> 2 jet reconstruction

study of W/Z polarization

calorimeter segmentation to reconstruct jet =>
- 0.1x0.1
.. Forward jet tagging ( 1 TeV Higgs )

study of gg -> Higgs vs WW/ZZ -> Higgs

Timax = 5 to have enough jet tagging rate

S /B (W+jets, tt) = 300 / 1500, need
improvements

(H
W




C ttH, WH->1T+v+7
GEM note table

=> Have to look for all possible backgrouds
=> Detailed MC simulation
generate 10 x 106 ttevents ( tt + "y'+ "y")
o tt+y+y
- QED radiation
anybody else ?
=> jsolation cut

have to simulate
strong momentum / environ

dependence
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~ Intermediate mass Higgs (130-130)

-,

- Careful kinematic study (pt cut, M// region etc)

Isolation cut to kill bb backgroud

- Heavy Higgs (180-600)

H -> ZZ -> 4 charged leptons

piece of cake after pt cut

Heavy Higgs (600-800)
H ->ZZ -> 4 charged leptons

after pt cut on leptons and Zs, very low background
BUT VERY POOR EVENT RATE

H->![l+vv

. cross section=6 x H -> 4/ s, but
effective significance are the same

Missing Et
TMmax = 4 1s OK at 1034
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Gauge boson pairs

W+Z->1l+v+ [+
For quark distribution function calibration
With mass constraint, almost no background

L+ y->e+e+y

Techni-rho 1450 GeV
Narrow resonance

Event rate is low => 1034 physics ?
if"y" /jet=0.01,S/N=1
=>need "y " / jet = 0.001 or better. Doable ?

W+w+
M Higgs is very heavy, scalar sector is strongly
interacting

Can we see this ?

raw rate of tt-> Wb Wb -> same sign =
raw rate of tt-> Wb Wb -> opposite sign = 1000 x

W+wW+
raw rate of W+W- = 10-100 x W+W+

At 1033, event rate is too small
At 1034, DOES ISOLATION WORKS 277
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Top Quark

. ‘,'

1. For the background calibration
2. To estimate the tt H production rate

3. Charged Higgs search

Top quark mass
e | invariant mass - from different top

106 / SSCY for 150 GeV top
no background

AM = 10-15 GeV

Sequential e L
isolated electron

non isolated @ (in b jet )
statistical error = 0.5 GeV (150 GeV top) and
0.8 GeV (250 GeV top)
systematic error is dominated by physics input
b fragmentation function
_ pt spectrum of top quark
2.4 GeV (150) and 3.9 GeV (250)

3 jet mass reconstruction
use b tagging by secondary vertex (30 %)

160K (150) and 40K (250)
W -> two jet mass constrain =>
statistical error = 0.04 GeV
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SUSY

Charged Higgs search by top->H + b

H->1t+v vs W->leptons +Vv
isolated e/mu vs isolated hadron from <t

observable if tab} > 0.5 and
. M(h) not too close to m(t)

H->cs
three jet invariant mass
By requiring 3 jet mass = 120 - 150,
clear peak of two jet mass

observable if tabf < 1.0 and
M(h) not too close to m(t)

missing Et

non gaussian tails of jet energy reconstruction
angle between missing Pt and nearest jet > 200

Mmax = 5.0
for jet reconstruction
to require angle between jet and mlssmo pt
0.2 x 0. 2 is required

same sign lepton by gluion pair

2 x 106 (180 GeV gluion) and 25 (2 TeV) dileptons /
SSCY

+4jetsinm <3

mass of lepton + 2 nearest jets
110



=> mass resolution 10%
What to do when

1. Tune up time ( 10¥*30-32)

- 2.10**33 x.1 year .
3. 10*%*33 x 2 - 3 years

4. 10%*33 x 3 - 6 years
5. 10%+34

~ extra - staging
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Impact Parameter (X-Y) (microns)

Impact Parameter (X-Y) (microns)

CT FAST1 Impact Parameters
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Transverse Energy in HC
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