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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 SOC TOR Physics Performance Section; 
Discussion of Topics and Responsibilities for GEM; and Plans for 
Simulation Tools - e.g. FASTl+. 



Tentative Agenda 
Physics Performance Meeting 

Sept 23 lpm ---> eve 

I) Discussion of Physics Issues Related to Hadron Calorimeter 
Decision 

- H --> gamma+qamma (Mitselmahker et al) 
- Missing Et (F. Paige) 
- Others?? 

The main issues relate to hermiticity, transition region 
near eta•l.S, and speed. These appear to be the main 
areas of performance difference between the calorimeter 
options. A final one I neglected above is resolution and 
tails. 

2) Critique of SDC TOR Physics Performance Section. 
Hiro Yamamoto will lead a detailed critical discussion 
of the SOC 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 TOR. 

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

4) Plans for Simulation Tools ~ eg FASTl+ (TBA) 

Our plan is to have an eztended 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 ve can interact with each other and work 
more as a group, rather than just interact at the formal meetings. 
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Presentation by: 

Yuri Kamyshkov 
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A.V anyashin 
September 23 1992 

"¥~ +CJ?"- k(R., 
Specifications to Angular Resolution 

in EM Calorimeter 

:, to. ... do.~C\\&-. V'-1...0J..~ (\\.0 v-e.~) 

Model used: 
0 

1. 80 GeV H ~ yy (PYTHIA 5.6) 
2. FASTI EM Calorimeter 

(Il!odified to account LKr in barrel) 

~f, ~ 5.5% /\["§- (f) o.~0/o 
3. Pileup simulated explicitely (Tomasz S.) 
4. Position resolution effects neglected 
5. For each y angle smeared according to 

a 
ae = VE © h 

6. 8yy 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 28 



.. ·... _. ....... ·~ 
GEl\1 TN-92-119 . 

.. __ ._, __ ...;;.:;_;,,~,. ,,;; .. ~ 

K. Shmakov 

Ho -+"fr decay: 

1 
=-

2 

2 2 ( )2 (6!1) +(°:;) + t~~~) 
, 

What is requied from the EM calorimeter: 

. (1) Precise energy resolution o-(E)/ E 

(2) Angular resolution - to measure the angle e be­

tween 2,. ( I~ ve1:2.te)(. is u.1.1 ~\i\Ow\I\ ) 

29 



Ren-yuan Zhu and Hiro ·Yamamoto 
GEM TN-92-126 

Intermediate Mass Higgs Searches 

with GEM Detector 

3.5 Effect of Position Resolution 

It is also intc:esiliig to see the e.-.lect oi showc: position resolution. Ta.ble 7 shows the 

ratio of :a:- 77 pea.le width a.s a. func:ion of :he shower position resolution ( 5x) a.nd 

ene:gy resolution (a a.nd b), for Higgs :::ia.ss of 80 GeV. The numbe:s in the table a.re 

normali:ed to the case of a = 2, b = 0.5 &nd Ex = 5y = l =· It is clea.r that the 

shower position resolution oi a.n order oi few = will not compromise ilie discovery 

potential of a precision EM calor.:::ieter. 

Table 7: Ratio oi :a:- 77 Peak 'Width as Function of 5x, a a.nd b. 

&.(mm) I o.s 11.0 1.5 2.0 2.s j 3.o 

•=2 b=0.5 0.97 1.0 1.0 1.1 1.1 1.2 

•=5.S b=0.5 1.5 l.S 1.5 1.6 1.6 1.6 --
•=7.5 b=0.5 1.9 1.9 1.9 1.9 2.0 2.0 

a=l5 b=3.7 3.8 3.S 3.8 3.8 3.8 3.8 

3.6 Effect of \tertex z Resolution 

Ta.ble 8: Ratio of H--:-: Pci '\Vid:h a.s Func:ion of 5:, a a.nd b 

5z(=) 11.0 I 2.0 I 3.o I 5.o J 10. l 5o. 

a=2 b=0.5 l.O j l.O 1.1 1 1.1 I i.5 1 5.4 

a=5.5 b=0.5 v; .. , , .. 1.6 1.6 1.9 ;; ;;_ 1.-' -,,_.;, _.;, 
? 
• 

a=7.5 b=0.5 1.9 1.9 1.9 2.0 2.2 5.6 

a=l5 b=l.0 3.B 3.8 3.8 3.8 3.9 6.5 
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92109/23 11.26 

Worsening of 80 GeV Higgs Significance Due to Angular Resolution 

. . . ! Mean . 7~.91 . 
......... ; ......•.........•.. ; .................. ~ ................... ; . .RMS ....... ; ................ .1.432 .............. : .................. . 

i i j j x2 .9!409 
......... L ................. l.. .............. ;T .............. ] .. C!m~timt.L. .............. .zh.0..± ......... l.. ...... 1 .• 1!13. .. 

! i i i Mean i 7~.93 ± i .1156E..Ol 

250 

200 

150 ......... L. ................ l. ................ L ................ ] Sigma l .6™ ± j .1668E..01 

......... 1 .................. 1........ . ..... 1..... . .......... l ....... P.~f -~1 ....... ~1-~.\~---
! 1 ! ! '\-e.~o \u.'\-\'p"' ! 

100 

. . . . . . . 
50 ·········i···-·············-r······· ··········1--------· ········1·············-·····t··················-r···················(················ 

. . . . . . . 
: : : + : : : : 

o-+-~~:j.........c!:;__,..;: .... ::_--..~-+:~-.---= .... ~·:.........,.~-+:~-r~~'f----.~--t'~--r~--1 

mass of GG before sm 

mass 70mr/sqrtE+4mr 
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' 
Significance of 80 Ge V Higgs 
(in % of perfect resolution Significance) 

a' 
\'VlroJ . G-e\lv z. ORTE 23/09/92 
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• 85.512 84.292 83.891 84.132 83.332 82.474 82.014 81.673 80.445 79.364 79.192 • 
• 86.43 86.737 86.552 86.18 85.852 85.597 83.033 84.313 83.118 79.791 81.361 • 
• . . ' , .. !19.012 • 87.964 88.689 87.873 86.326 86.552 85.056 82.616 81.639 82.408 81.927 • 
•···· / , -'/' / 91.1551' /90.0111\. .. 89.818. / 89.053}87.956 87.67 87.011 84.969 81.629 o3.6to 01.r.02 • 
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• . ' I', I l'/11,. / ,91.497'192.07 90. 22 88.998 88.802 86.606 O•l.611 81.210 • 
• «~< . . (. - \. l/ l t95.123 93.511 91.938 89.9 88.569 87.611 86.637 84.53 • • · ( - ·\- • \.( ·:C.. 95.323 01.s21 03.019 90.66 9.111a_ 87.929 87.739 85.479 • 
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• L'<'.1\. \<.J\/\'Y\ .o_;\~'.-J\ :::;;- 97 .557 95.148 92.919 91A27 90.2011, 87 .447 87 .427 84.256 • . ~ . 
·······························································································~ ........................................ . 
1. 0 1 2 3 -c. 5 6 / 1 

7/. 8 9 0 

/ 
~ \!\'\ r-a G\ 

) 

Angular resolution parametrized as 
• 

A0~= a ©b 



~ 

~ 100 
'-' 
"O 
0 .... 
E 
0 

80 

60 

40 

20 

0 

92/09 /23 11. 19 

Worsening of SO GeY Higgs Significance Due to Angular Resolution 

REGION OF 

ACCEPTABLE 

PARAMETERS 

L'k Mo0 0.85 
• (cs\.iw.o.\ov) 

A0=o/../E+ b 
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Table 2-8 
E,x.amples of th• apected pbyiics pdo:-maneo of tb• SDC detecior _described in ~bis R.epon. The re:sulu displayed 

assWD! data samples correspondiag to an i.lltegrated IWDiDos1ty of 10 ro- , or one year at tbe SSC de:sJgD 
here · Ii · I ted 1u::W>osity of io» =-•,- 1 • Ally uceptiom .._..,, ap ot Y no · 

Physics Process 

Associated Higgs Production 

Direct Higgs Production 

High Mass Boson Pairs · 
Requires intei;rated l:=inosity or 
at le&st 50 fb-1 {or comp!ete studies 

Discove:y of t Quark 

Mus Measurement of t Quark 
Sequemial Dilepton Mode 

Noa-staDdard t Decays 
Viol1tioA of T u~ 

Peak .m 2-Jet Mus I>ist:Mation 
GluiDo &Ad Squark Searc:bes 

':Mmini-E1 +Jets 
Like-Sign Dileptons 

Nn- Z Searches 
Discoveey 
Width &Ad Asymmetry 

Compositeness 

Q~J) .·;_; 

Mass Region (GeV) Physics Signature 

80 - 150 

130 - 180 
180 - 800 
soo - 800 

1-2 TeV 

!S 17'V 

.A~25 TeV. 

n· + H, a+ s - tn JO 
s -H- ZZ"-4l 

H-ZZ-4l .J 
H-ZZ-2l2v ' 
II~ 1U11tJ/a.z,41't1}"/+ l)Ao't 
z-,- t+t-7 
w+z - c+c+1-., 
w+w+-c+c+ 

ti - w+w- + x - i'1µ."f + x <:s 

ti, Olle t - Wb; w - CV, ,, - "' + x 
the other t - 3 Jets 

ti,ODet-W+X; W-bl 
the other t - Wb - II + 2 Jets 

t - !Ph; IP - ,.=v, ,..= - rt + x
1 

-'! 
t - !Pb; IP - a ~ 

ii - Er'- + 3-6 Jets 
;; - FF + 4 Jets 

Z'-t+r­
Z'-t+r-

leis favorable, due to the larre co:t:ibutio111 from the W/Z +jet• &Ad ii processes. Nevertheless, these 
modes could provide an additioDal method far s&udyini; the 'ft?Y heavy Riss regicm, &llowi:Jc ~es to 
be extended into the TeV repon. 

Foll=w'-DC these studies in the comm 0£ the l!i0 jm1! Standard Model, it is natural to -aplore what 
happens in more general models of the .,._ii,. breakiag 1ector. A more complex, but t:beoretically 
attractive, model is the minim•! aupenymmetric wrsioll o£ the Standard Model (.MSS!,f). In this model, 
there are Jive Biggs bosons: three :neuual (h', II', .t0), ad two charged (IP). The theory has two 
fundamental parameters and the analysis is more complex. It appears that over much or the parameter 
space, at least one or the :neutral Higgs bOIOns should be 'risible, either in the SDC dete:tor, or at LEP-n. 
However, some regions or the· para.meter space ran.am Uw:casible. 

The prei.-ious discussion focussed on the Jr+w- ·&Dd ZZ fb:ial 1t&tei, where the Higi;s appears directly 
as a resonance. It is also important to study otiler boson pair channels to probe the elec-..ro"'-eak theory 
more thoroughly. In particular, if no St&llda.rd Model Biggs is found below 1 TeV in mass, it is almost 
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2-20 Summa.,, and ovm:iew of the detei:t01" 

day towards the end of their last run) become commonplace a: the SSC (the SDC detector ... -m be capable 
of recording W - e11 events at a rate of 10 Hz at desip:i lu:=inosity). A second exa:::iple is the production 
of the t quark. For M..,p = 150 GeV, Fermilab -..-ould produce about 100 events dur'..:ig the next several 
.'·ean, whereas the SSC would produ:e 101 even:s per SSC yea:. 

The largest interesting cross section at the SSC is that for the production of two jets. One event out 
of 10' (i.e., a rate of 104 Hz) bas two jets -..".i:h a c!ijet mass of &-eater than 400 GeV. This cross section is 
107 times larger than that for photon pair production, sen·:nb a.s a re:ninder that robust ph:ton and lepton 
identification are essential for SSC ;:ihysics. Heavy quarks and other colored objects su=h as gluinos would 
be produced -..".i:h large cross sectiom. Even for a mlLSll of 1 TeV, there are at least 104 events produced 
;:ier year. Hea'-y new z bosons are also pro!.i!::a!ly produced, -.."i:h the obsen-..ble cross section extending 
out to a mass of 4 TeV. Finally, the Higgs production c-oss section is very small. At most one event out of 
109 would contain a Higgs boson, and the brc::hiag ratios meful for its detection are &!so small For the 
decays of the Higgs to two pbotom or to four leptom, the branching ratios are typically io-3

. 

In the eectiom below, we brieBy describe the physics cap&bilitiolS of tlle J4sp d SDC ciet.cMir, aud 
summarize its pcfammce in 'Iable 2-8. 

Electroweak nmmetrv breaking 

The aillile mm: important physjcl mue for &h• SS~ is &he study of elecUoW'eak symmet.-y ~- I 
In the contci:t or the Minim•! Standard Model, \he Clda\cce or a fund•m•ntal acalar field prcmdes the . . 
. . ' 

with the tymmetry breaking eector, aud its mus ii tlle only unlmo'"1 parameter. It is imperative that a j 
general-pmpoe SSC detector be capable of obiel 1iaag lucb a Higp boBon at any allowable mw in order ; 
to eitber wrify its existence, or to rule it out ud farce comideratioll of altemate meeh• nisms. · 

ili'rides uturally ilato three ZZIMll re · eacb witli ita 
strategy. or mass , '1 

are H - lib and H - T+ T-, which are both cmr:rwhelmed by backgrou:ies from &he decays oft quarks. Tbe . 
most useful mode in this ldnem•uc region is the rare decay B - n, which occurs at ncxi-to-leading order 
through- loop diagrams. Tbe Biggs itself is very JW?'OW in &his region (the width is less than 100 Me V far ~ 
Higgs masses below 160 GeV) .a that &his decay mode provides a very clistinctm sipature. Roweru, the II 
direct production of the Biggs through gluon fusion .den from a laqe backgrowid of QCD continuum 
production of photon pairs. The production rate for a Higp in usoci&tion wi&h a W or ti pair is mppr esaed i 
by a factor of 1~20 compared to the gluon-fusioa rate, but &he presence of an additional h.ig>J'l lept1111 ! 
iro:n the H' or t decay provides signl.Scant 1*:kcr-d 1UJ>Pl"*ion. A complete analysis of &he associated 
production procesaes 1bows that the SDC de\eCSor, .iudJing &he ln final S\&te, lhould be capable of. 
discovering a Higgs in the low mass region witlaiD a magle SSC year (1ee Fig. 3-11 aud Fig. 3-13). ; 

For the intermediate mass region (130 < MllllP < 180 GeV), the bnncbing ratio for B - ZZ- becomes 
signific:ai::t (the • dellOtes a virtual particle). Thill decay mode provides a very distinc:UYe sipature of four 
LSOl&ted high-Pt leptollS, with little backgrotand. nae SDC detector, studying this final S\&te, lhould be able. 
to observe a Higgs a.oywhere in the indicated - nsioD after one SSC year (1ee Fig. 3-18). ' 

' 
For the heavy mass region (180 < MBicP < 800 GeV), the H'll' and ZZ decay modes domizl&te. In tht: 

lower pan of &his mass razage, diacon:ry Tia the B - zz - 4l mode appears ltnightforward (see Fig. 3-22 · 
and Fig. 3-23). ~ &he Jiicgs mass increues, tbe c:rcm MCtion for it.s production dec:reues, ud ita width 
increases dramatically (a11 800 GeV Biggs bu a wid&h of 270 GeV), making discOYel')' more cW&cult. We 
have 1tudied the H - ZZ - 4! and H - ZZ - 2l2v decay modes in detail The latter hu six timlll

1 

the event rate of tbe former, but requires particular 1Cr11tiny because of the requirement of ob9erving t.blt 
missing transverse energy from the neutrinos. The conclusion is that, through a combi::i&tion of these t'lll1 

final states, a Higgs ~th a~ of!: 800. GeV should be obs~ble within one SSC year (see Fie. 3-25 ~ 
Fig. 3-28). Above this m&3I region, the s1;;ual becom~ margizla.l at SSC design lumi.ziosity. For this reasoJf 
the H - ZZ - 2! + 2 jet. a11d H - n·n· - lll + 2 jeb decay modes were also studied (their bra.ncl:Ullll 
ratios are 20 a11d 150 times larger than that of tM H - 4! mode). The signal to background ratio is 11111 
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Table 3-1 
A summaxy of the para.meters of the baseline SDC c:a.lorimeter which have 
bee:i assumed in the subseque:it &llAl)'Jes. The calorimeter depth is quoted in 
interaction lengths {A). 

Parameter Barrel End cap Forward 

Coverage 1111 < 1.4 t.4 < I'll < 3.o 3.o < I'll < 6.o 
Radius of front face (m) 2.10 
z position of front face ( m) 4.47 12.00 
Compartment depth 

EM(+ Coil) l.l 0.9 
HADl 4.1 5.l 13.0 
RAD2 4.9 6.0 

EM resolution 
& 0.14 0.17 o.so 
b 0.01 0.01 0.05 

HAD resolution 
& 0.67 0.73 1.00 
b 0.06 0.08 0.10 

RAD nonlli:iearity 
Q 

fJ 

, 

1.13 l.16 
0.31 0.38 

0.30 ,...,....,....,....,...,,...,...,..,.....,....,....,....,...,..,....,...,....,....,..,....,...,....,...,~ 

0.25 

- 0.20 c.. 
:::::: -~ 0.15 
c 
:::: • Q 0.10 

0.05 

... ...... 
/ 

/ 
_,-" 

/ .. - , -·· ------- _______ , ......... ·· 
.. · .................................................... 

0.00 ................................................................................ ....... 
o.o o.s 1.0 1.5 2.0 2.5 

Eta or .wuon 

Ll6 
0.38 

F1G. 3-2:. The resolution of the combizied buelizle cncldDg and muon system as a fimction oi '1 for several 
Pt w.Jues. The solid curve is for p, = 1000 GeV, and the dashed (doued) ~ are for Pt= 250 (JOO) 
GeV. 

::.epton and photon identification 

We take the global electron and muon ef!icieucies within the detector &cceptauce to ~or analyses 
equiring isolated leptom. This can be compared with CDF eX]>erience, where & ft!ue ofB5:!:33 is obtained 
lr W and Z electrons, includiug the dl'ecu or triggering and mild isolaQon cuts{2j. ~where the 
aa.lysis requires two such leptons reconstructing to an on-shell Z boson, the lepton id~cation cuts are 
'1a.xed ior the second lepton, and the ef!iciency !or the second lepton is taken to be~ For electrons, 
Us e£5cieney includes the dl'ects o! tr&ek linding and fitting ~ well as electron identilicatiou { e.9., &ii E /p 
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FIG. 3-1. The resolution of the baseline t:acldng system as & function of 'I for several Pc values. The solid 
curve is for p, = 1000 GeV, and the dashed (dotted) is for Pc = 250 (100) GeV. 

Calorimeter system 

The calorimeter is assumed ta rmrer the angular region 1111 < 6 with a basic transverse segmentation 
that is a multiple or\o.os in An and A¢. I The unit in phi is actually A¢ = 211:/128 == 0.049. In the 
simulations described in the remainder of this section, the segmentation will be varied within the range 
or 0.05 to 0.8, but keeping a constant segmentation as a function of eta. The c:unent electromagnetic 
(EM) calorimeter design has an !)-dependent segmentation that increases by a !actor or two from a base 
•ilue of 0.05 at 'I values or 1.8, 2.6, 4.4, and 5.2. The current hadronic !HAD\ calorimeter starts with 
l e.ntation of 0.1 and increases by a factor of two at 17 values of 2.2, 4.4, and The calorimeter 
is !gn~ segmente m o e ) an twa onic se ents (H401 and RAD2), 
with depths given in Table 3-l. Parametrizations of the longitudinal and transverse ibu ons of eDetgy 

ieposited in indi)idual calorimeter cells ha~-e been derived from EGS Monte Carlo simulations for e!ectr.ons 
md ZETTS rest b•ai:c da•a JiJ for b2 rl-oas.. These pa.rametriza.tioas are subsequently used, in conjunction 
;;ith the single particle resolutions and nonlinearities, to sim•.tlate the response or the calorimeter in the 
'allowing sections. A uniform magnetic field or 2..0 T is assumed to exist inside the barrel region. 

In designing the SDC calorimeter, complex tradeoffs have been made between EM and h.adromc 
dngle-particle response. High performance EM calorimetry demands fine sampling and large sampling 
raction. Maintaining this sampling throughout the hadron calorimeter would be prohibitively expensive. 
rhe resulting discrepancy between the sampling in the EM and HAD calorimeters induces a 11: / e response 
·atio dilierent from unity. There are other factors which further enhance this nonuniform response (choice 
1f absorber material. ratio or absorber to scintillator thickness, etc.). A careful analysis or the physics 
equirements has been an essential ingredient in optimizing the SDC calorimeter, and the resulting design 
>laces greater emphasis on EM than on hadronic calorimetry. 

The single particle resolution has be<!n parametrized in terms or a stochastic term (a) and a constant 
erm (b): 

.,.(£) _ ~ ::. b 
E -../E-. 

~he symbol e means that the two terms are added in quadrature. This model can be generalized to 
he case ... ·here the sampling plates in the calorimeter are not projective, assuming that the stochastic 
erm is due to the sampling. and hence .-aries as the square root of the effective plate thickness. The 
'a.rametrization for the barrel ( I'll < 1.4 ) is: 

rT(E) =_a_ e b 
E .,/E; 
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Detector simulation 
... 'i, 

SOC table 

Use parametrization 

CAL barrel : .6.E/E = a/>/Et + b 
. :Endcap : .6.E/E = a/>/E1 + b 

Jet barrel :a=0.61,b=0.016 

Assume 

• 

y I jet = 5 x 1 o-4 
e/ jet = 5 x 1 Q-4 I 50 

based on CDF data ???? R = 0. 7, Et = 2 Ge V 

P'(TH•A -4 PApAtrll=-AJ" -f 

:t.Slr~E'T -t ~S'lfc.J1~ 
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Intermediate mass Higgs ( 80 - 130 Ge V ) 

SDC almost gave up ! ! ! 

It is for GEM 

We have to do it ! ! ! 

It is difficult for them, 
and it is difficult for us, too. 

• 

=> Two small signals ( < 100 Ge V ) or 
=> Too large background ( > 100 Ge V ) 

For both case, 
-> Uncertainty of the background 

Should be prepared for it 

H -> 'Y + 'Y 
=> QED radiation from quarks 

non-zero irreducible background · 
in jet-jet + jet-y events 

=> Uncertainty of the fragmentation 
.function 
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Table 15: Numbers of Signal and Background Events in One SSCY for H(tt/W)­
l·rrX Searches 

No pf" pf" = 40 Ge V 

R 0.30 0.45 0.60 0.30 0.45 0.60 

IDggs (80 GeV) 28 23 I 18 21 18 14 

IDggs (90 GeV) 30 25 20 24 20 17 

Higgs (100 GeV) 30 25 21 25 21 17 

Higgs (120 GeV) 24 20 16 22 18 15 

IDggs (140 GeV) 17 15 13 15 14 11 

IDggs (150 GeV) 10 8 1 9 8 6.5 

IDggs (160 GeV) 4 3.4 2.7 3.6 3 2..5 

tin 58 48 34 52 44 32 

W77 26 25 25 15 15 15 

ti 308 246 185 123 61 61 

• Z.,.-e";"; 93 88 83 49 47 45 

: . z.,. .... tr l-;; 206 177 151 122 96 79 

W;-+l;; 135 108 76 54 43 43 

7.2 Significance 

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

We assume a signal peak with defined width is observed over some backgromtd. 

The expected number of signal events in mass interval of Me ± tT..,., is N., and the . 
corresponding number of background events is Ns. The probability of observing cerlain 

number of events (n) follows a Poisson statistics: 

Pn(A) = A"e-1 
n! 

where A is the expected Wlue, i.e. Ns for the signal and Ns for the background. 

(14) 

If one observe n events, the probability o! these events caused by background 
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H -> WW /ZZ -> l + v I l + l + 2 jets 
. ·:i; 

no serious study, but possiblely interesting points 

High pt W /Z -> 2 jet reconstruction 

study of W !Z polarization 
calorimeter segmentation to reconstruct jet => 

O.lx0.1 

Forward jet tagging ( 1 Te V Higgs ) 

study of gg -> Higgs vs WW /ZZ -> Higgs 
T\max = 5 to have enough jet tagging rate 
S I B (W +jets, tt) = 300 I l 500, need 

improvements 

• 
I 11 
, 

r ' - =t= .z_. r- • • 
,_, 
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. ··t, 
tt H, W H -> 1 + y + y 

GEM note table 

=> Have to look for all possible backgrouds 
=>Detailed MC simulation 

generate 10 x 106 tt events ( tt + "y"+ "y" ) 

.. tt+y+y 
QED radiation 
anybody else? 

=> isolation cut 
have to simulate 

strong momentum I environ 
dependence 

• 

106 



Intermediate mass Higgs ( 130-180) 

Careful kinematic study (pt cut, MU 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 

'. 
afier pt cut on leptons and Zs, very low background 
BUT VERY POOR EVENT RATE 

H -> l l + vv 

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

Missing Et 
llmax = 4 is OK at 1 Q34 
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. :.. Gauge boson pairs 

w + z -> l + v + l +l 
For quark distribution function calibration 
With mass constraint, almost no background 

Z + y-> e.+.e + y 
Techni-rho 1450 GeV 

Narrow resonance 
Event rate is low => 1034 physics ? 
if "y" I jet= 0.01, SIN= 1 
=>need "y" I jet= 0.001 or better. Doable ? 

w+w+ 
If Higgs is very heavy, scalar sector is strongly 

int~acting 

' . 
Can we see this ? 

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

w+w+ 
raw rate of w+w- = 10-100 x w+w+ 

At 1033, event rate is too small 
At 1034, DOES ISOLATION WORKS ??? 
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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 µinvariant mass - from different top 
106 I SSCY for 150 GeV top 
no background 
~M = 10-15 GeV 

Sequential e µ 
isolated electron 
non isolated µ ( 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 o/o) 

. 160K (150) and 40K (250) 
W -> two jet mass constrain => 

statistical error = 0.04 Ge V 
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.. ; ·--

SUSY 
•' '.it, 

Charged Higgs search by top -> H + b 

H -> 't + v vs W -> leptons + v 
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 tab~ < 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 

T}max = 5.0 
for jet reconstruction 

to require angle between jet and missing 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 I 
SSCY 

+ 4 jets in 11 < 3 

mass of lepton + 2 nearest jets 
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. :.-. 

=>mass resolution lOo/o 
What to do when 

1. Tune up time ( 10**30-32) 

2. 10**33x 1 year 

3. 10**33 x 2 - 3 years 

X 4 .. 10**33 x 3 - 6 years 
' . 

5. 10**34 

extra - staging 
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Presentation by: 

T. Skwarnicki 
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'··<'":t, 

FAST1 detector geometry 
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EC ·-·-.-
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0 400 800 1200 1600 
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- CT FAST1 Impact Parameters 
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Transverse Energy in EC 
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Transverse Energy in HC 
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