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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 

5 



.JI 

..J 

r---9 .7 ' ~ 4 3 2 1 

" 

G 

r 

E1 3600 

D 

c 

I 

(I 

20 

1620.5 
I 

1554 

50 

~ ~00 -
I- 44l0 ., 
i-----------· 2890 -=------i 

1-250 

2 

I 
TRACK(r 

I 

I 
I 

1: 150~974---

' 

t 2051 I 
-----2889 .. 

14 

..... 
,___ __ 1878 J 

' 

H 

'G 

r 

£ 

3150 
D 

f 
c 

I 

l-·~------~_:.:_--6225-------~---_J 
~::::_:::::_::::==~~-~.~~~-~~~•~11'~-~,f;~·f:i.~~{A 

I- 3730-------t 

1
-----~· '= t11r<1"•P'r·~·,-,...._,~., 

.. ·- .. _,.. -- --- .,----·--· ...,,.__ ,...,._ •· "'""'a""·",~""' . r--·--·· -··--·--· .. ··--· ~""' -~·'- ~- •. :11!!,J&l-"'!llT·-p . "' ' --··---·-~·----- -·-----,---·-- ·----- :;'!_ ___ --~T-~- =~- fr~::.~~, f . ., __ ,- - . 



= .. .. •• 

,., 

.. 

I .. 

I 

I/') 
M ,_ (\I ::. 

Q. 

!!; .. .. .. .., ... .... x ... = .. ...J I/') 

Cl ... 
u )( 

' .. 
::c I/') .. a: 
"" > 

.. ... " u - ... 



>.. 
u 
c 1 
Ill 
'(j --w 

0.8 

0.6 

0.4 

0.2 

0 
0 

92/09/18 

Higgs ---;)- r'f' detection ef fie i ency 
N t k With Baseline C o roe er 

PYTHIA5.6 

7J < 3. 

Higgs mass : 

80 GeV 

120 GeV 

160 GeV 

11 :0.1 :1:0.2 

0.2 0.4 

:1:0.3 :1:0.4 

0.6 0.8 

>. 
u 
c 1 v 
u --LU 

0.8 

0.2 

0 
0 

tracker construction 

PYTHIA5.6 

r; < 3. 

120 GeV 

160 GeV 

'1 :!:O. 1 :1:0.2 

0.2 0.4 

:1:0.3 :1:0.4 

0.6 0.8 

15.35 Hole size at 77=0. 

9 
. ··-

/A.So' 



-6 
QCD JETS missing Et in cryostat walls 

10 .--..---~--.,.--,.----~----------------------------------------------~ .; 

·7 
10 

.. 
10 

-11 
10 

-!- :• -:- ~ybri1J optipn wi~hout tail c~tche1 
. ~. . . . . . . . 
: ::- I,:: : : 2' 82XO : : 

· ····t·--···········i····: __ .. :: .. :fr---········ J· · · ·· · · ·· ··· · ·l · · · · ·· · · · · ·· · .;, · · · · · · · · ·· ·· ·i· ·· · · ·· · · · · · · ··:· · ·· · · ·· · · ···· j· · · ·· · · · · ·· · · · 
: :- : : : 
: : : : : : : : . . . . . . . . . . . . . . : . 

···-- .;. -····-··'- -·-----L+,:L j __ , .. -~'---....•..... \ ....... T ·'-····-····+ . ··Yr- ·-..... 
; ~ i i • -:-:1: 1 T ~e: : 
j I . : ~ ~. '.:T V J~e l{o t 

~ : K- . ,;_~. ! ~ ~ 
........... .:. ........... ·--~- •••••••••••• :..t •••••••••••• :.. •• • ...... • .~ ...... -•••••• .:. ••••••••••••• .:. ... .- ........•• .:. ............ . 

l ~ ; ~ .:..: . T l· 1. l 
• • ' ' t I ' I •I ' 

~ ~ ~ ~· fr r: 1 
; ; : ! : I : I : 

............... 

. 
: : : : : : I : 

---L-----1---········-l-............. J .............. f ... , ___ ....... ; ... ±.fr-1--·-····---~- --~- ...... . 
: ! : : !- ! I I ! I; I 
: : ! ! : : I I I! I: I 
: : : : : : t....C : I 

~ ~ I l l :~ : :1 l I 

f ~ 1 : : 11... . ~ 

• 
........... ·-r--··-

. . ! : . . · i . 1 
0 oo oo •••• ••:O• •• •• '' •• '' '* 'o '•• •••••••••"?••• u • •oo •• •• 1•"' ••••••••OU~ Uo 0 00 ' ••O oo 0 • ~ ••• •• • • • O • • • O -~•••••OH oo • • •-e-•u u• uo ••~• •• 00 O • •• • • • • • 

: : : : : : : : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
: : : : : : : : . . . . . . . . . . . . . . . . 
: : .. :- : . : : : : 
: : : : : : : : 
: : : : : : : : 

-12l.J.....L.J....1--1..!J....1....L...L..;L..J......1-J....1..l..: ............... _.__~; ............. _.__~i..._. ...... _.__~: ............... _.__~1..._.._.._.__l-l. ..... ·~.;.u...;!L...I,.-'-._..~ 10 
0 40 80 120 160 200 240 280 320 360 400 

Missing E,, (GeV) 
missirig Er(GeV) 

10 
-. ·.•..: 



-6 
QCD JETS missing Et in cryostat walls 

-.;, 10 ,,.......~.....,t~~--,-~~~~--:~~~~~--,-~~~~--:~~~~---, 
> 
D 
.::> 
'-
:::i 7 
E 10 _,. .... 
.J.J 
0 
-.......... 
b -8 
D 10 

-9 
10 

-10 
10 

-11 
10 

v. + ·~ 
+ " ; : 

:j : : • : • . : 

........... ~ .... :,. ..... : ............................. ]. .. tl.Y..P..r..1.9 ... ».t!.th.9.~tJg.!J.! .. ~.Qt~.b.~L .. . 
+ ;-:-. : : : : + '!l l ~ 

t •J .. .; .~ : ~ i • .:.i • • . • 

................. t.~ ... :*~*· ...................... J. .. .. . . .H.Y. 9..c .i. 9.l. Y.Y.i.t b ... t9..!.l.. .JQ .tg .G. ~-c ........ . 
++ : i,-!- ; 

: l 

+l ;.j-:f. i i l 
~ ·-· : : : 

... ······ .............. ··+· ....... S.--.y~·-···· .... j ............................. [S.9 -~~-Li. D.~ . .Jl ..... -' ................... . . . . . 
l + ~.. .. l i l 
i ... i ~-· l l i ; "Tf ' f!; ; ; : i: ~,i~ .;.:;. : : 
! * . :;·+ l l 
: ; • •" ! : .;. .; : : ....................................... ···r···· ....... ····'f'"""'""" ..... tt ·:. H .. ,,. :·: ............ •UH U ew .... ··t ··-··· o • 0 O• • •• 0 0 "' ... Oo 0 0 .. --~- 0 0 0 0 0 0 0 0 0 0 0 0 e o 0 0 0 0 0 o 0 0 o o • 0 

l *+t ~~1.,,.;1 t~ : l l 
: +tt : 'I l.J!. :::t 't :: .! : 
: : .-;. .. ~.:: . 
; t : ·• : ~:: E 
: : .. - : ·: . . : : • • • .i. • tt. .. .. : 

••• •• •• .................. '!° • • • • •" • • •• • •• • .. '" •• ... "·tt,tf • •• ••• •··•·o~t 1• I;•• ''?"f;",;: ·.;;: • • •• •• '' .. ••" ••" .. , ·:···· ••" ••""'''" '' "' "• "" ". " 

! ~ ttttt t 't niJf~ 't''i+ , . ~. , i , 
: : .. .:• . : : ... : ;.;. .:. :: ;: 
: ; I :• ~ .I : •: : a ;':° 
: : :•::==:ti 

.. 

-12 : ; : I : :• 

10 .__~..._...._......_......__..__,__.___..__.~.__..___,__._~1-· .............. -"-....... --'•'-'--'-....... _._._~ 
0 w ~ 60 ~ 100 

Missing E,, (GeV) 
missing Er(GeV) 

11 
. ,•,. 



Be om Test results 
92/09/21 20.36 

Pions beam pitch= 1.5 ° 
10 11 ID 12 
E"tries .. 1800 Entr~s .. - 4.119 

_, 
9.0JJ 

1000 2.077 1500 RMS J.824 
19.60 ZJ.9:5 
939.6:!: 16.38 1400 Constant 1815.:1: 22.158 
J.905::!: 0.211.3£-01 ..... S.'473 :!: o.2884E-01 

800 • 1--'0!I:!: 0.191~E-01 S"oomo 2.429:: o.2298E-Ot 

1200 

600 1000 
800 

400 600 

200 400 
200 

0 0 
0 4 8 12 16 20 0 10 20 .30 40 

SGEV 10GEV 
2250 1J •• 

"' "' 2000 13Jl1 1000 IL71 
4.779 ..... 

- 211.41 1•.ll 
1750 '"'""' %1.90 lll2JI" 13".12 

13.17 :!:: Q.2l!lllE-(7'I 800 ""ti :I: 0.4129E-01 

1500 J.ttl::t 0.2J74E-Q1 l.121 :: O.J'SJJE-01 

1250 600 
1000 

750 400 

500 200 
250 

0 
0 20 40 60 

0 
0 20 40 60 BO 

15GEV 20GEV 

12 



GEANT3. 1 5 simulation 
92/09/21 20.37 

160 2 225 2 ,,., 1995 

140 211.7 200 
42J.5 

111.5 183.1 
4.784 7.044 

120 125.9 ::!: A.eJ8 175 209.S: 8.779 
19o4.9= :z.aos 407 • .f.S •.127 

• ..... ,,. 2..lf2 150 
t~t.4 = 2~59 

100 

80 
125 
100 

60 75 
40 50 
20 25 

0 
0 200 400 600 800 

0 
0 400 800 120G 1600 

5 GeV 10 GeV 

, 2 160 2 
180 .... 1012 

Ul.2 140 ..., .. 
160 ..... a:u 

UIS J;S4 
t71Jl: 

.. _ 
120 lll.IJ,f: 5.lllD 

140 07.4± ··- ll:S.H ~7 
159.4:!: :s.om 2113A;, 5.H7 

120 100 

100 80 
80 60 
60 
40 

40 

20 20 

0 
0 1000 2000 

0 
0 1000 2009 3000 

15 GeV 20 GeV /A.Savin, 

13 



~ 
30 

-:.;:: 
c 
0 ·-(/) 25 

I en 
:) 

0 
'-' 

20 

15 

• 

10 

5 

1TeV 

0 0 

/A.Savin/ 

.- •• :;v.;) 

92/09/23 12.27 

Hybrid option Jet resolution 
afrter 5 yeors L= 10••34 at 1)=.3.0 

100GeV 

200GeV 

0.1 

x 
Fl 
P2 

50 

14 

20GeV 

0.2 

2.675 
5.176 :!: 
53.15± 

1.040 
4.077 

10GeV 

0.3 
1./sqrt(E) (GeV) 



~ 
....., 
+-

c 
0 
II) 
II) 
::3 
0 
:!> 

30 

25 

20 

15 

• 
10 

5 

1TeV 

92/09/23 12.27 

Hybrid option Jet resolution 
(J~TSET7.3 + GEANT3.15) 

1.490 I 

P1 .2.482 ± 0.6951 i 
?2 ss.eo ± 2.777 

10GeV 

100GeV 

200GeV 

00::.--...._ ......... __._......i.--:-~..__._.....i........i.~.L..-_,_ ........ _.___.~.i___.__.___J 
0.1 0.2 0 . .3 

/A.Savin/ 1./sqrt(E) (GeV) 

15 



Fitting by exp(-kx) and gauss*exp(-kx) 

• • ' E:,, •• ,,,,,: ,:;,,;;:,,,~"""" "",ill""'fil~, ,~ ,,,,:1,~~;;j, '!'!'!,,,;;,,;'!!~,'!!;;,,,,,,,,,;;,,,:;;,,,;;,,;;I ~t. ············ ········-;·.l~(y1 ... p;2·····lt········J··~MS········;··············.:t·.-2<!.0···-;···························· 
·• · ~1~"""l~"~:::,i""""'mmm~,~~~im~~~~, 1'!~"1m1' 1ill3[;~~:~~1~"~;~!' . . . 

.. ··-· .. ·--- -· .......... ;-........... ?3""" .. oo••··r·o·:4746'E ::i-: cr5·z;···o·:so30'E't= crs·. 
10 ~~m\\\HEEm\m\\m~~HL:: ~==::~'."''.:11g'.'.'.1H1 111\m11\\~!f:\m\m11lmmmH~~~~[¥.1~\~\~\\~\\~~\\\1\~1~~1~H ............................ ,. . . .. . . . .. . . . . . . . . . . . . . . . . i:i f3: .........••....•...•. ·-9·. :ii:o: ~ . !ii'· .. G=.-3 n2:r-o: + .. 

••••••••••e.•••••••••••••••~••uo••••••••••_. •• • •• ·• • : : 

.......................... T.................... : ·······-····r· .. ········-················t············-··············· 
1 ·:!!!E!!!!Hg!H!gg!!H~!!g!!!!!!gE!!!!!!::::Hgt!!!g!;: :::::::!!!!H!!!!H!!!!!!E!~!!g!!~!!:!:!!!!!H!!gEE!!!~!!g!!~i 

0 

10 

1 

0 

--· ..... .... .... . ..... --~---- .... .... .. . .. ,... . .......... ····· ····-···· .................. ~····· .... . 
20 40 60 80 1QI 

10 GeV pions 
Energy ( GeV) 

::::::::::::::::::::::::::+::::::::::::::::::::::::::::r::::::::: ::m::::::::::::;:::::::::::::::::::::::4:::+:::::::::::::::::::::::::::: 

~''f :::i~~~r~~~?J"' ~~l~~'.;;~~1~~~~:~~11~:;m:~; 
: : x : 3.290 : .. 

lm1111mmm::, -,1*111rn!111111!11m11m1111111111!!!!! !!~~1111111111!/!i!!!iiiiirn1~Ei1~1£:111gm1111~!iE51.1~ 
::::::::::::::: :::::::::. -:: :::: :::: :: :: :: :::: :::::::: l'. :: :: :: : : : : :=Ei :: :: :: :: ::;: :: :: : : ::~ n: 3:6i:i:S :~::ii: !ire i.E;. ai::: 

. . ............. ---·-·····1······················· ... ····r····························-r···························· 

~ ~~~~ ~~~~~~~~~~ ~~~~~~ ~~ ~~ ~~ ~ ~~ ~: ~.: ~ :: ~~ ~::: :: :! ~! ! ~ ~ ~ ! ~ ~~ !! ~ ~ ~~ ~ ~ ~~ ~~~~ ~~ ~~ ~~ ~ ~ ~~~~i~ ~~~~~~~~~~ ~~ ~~ ~ ~ ~~ ~~ ~~ ~~ ~~ ~fil~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~~ 
: :: :::: ::::::: :: ::: :::: :: :: =~ :::: :: .. . .. .. . . . .. . . ... . .... ·: :: :: : ::: :: :: :: ::; :::.:: :: :: :::: :: :: :: :: :: : ::: : !: : : :: : : : : : : :: :: :: :: :: :: :: :: : 
····························t·········· .......... . ... ~ ···········-t·--··························~·--··················-······· 

:::::::::::::::::::::::::::~::::::::::::.·::::::::::::::!:::::::: :::::::::i:::::::::::::::::::::::::::::l::::::::::::::::::::::::::::: 
::::· :::::·:::::·:::::·:: :: ::::··::::··:. ··::::: ;::: :: ::: :: ·:: :::;:::::r::: :: ·:::::;: ::::,:: :: ::;:::: : :::;:::::~:::::;:::::~::::: 

20 40 60 80 100. 

1'0 GeV pions 
Energy ( GeV) 

·: .. 

16 
..... 



10 

1 

0 

10 

1 

0 

Fitting by exp(-kx) and gauss*exp(-kx) 

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

::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::t ... ····::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

·::::::::::::::::::::::::::r:::::::::::::::::::::::::::1::::::· ········:::~::::::::::::::::::::::::::::r ::::::::::::::::::::::::::: . . 

20 40 60 

20 GeV pions 

20 40 60 

·20 GeV pions 
·:. 

17 
-. 

................. 0-·········-··········-0000000H00000000~00-

: ::;: :: ::;: :: ::,:::: :; 
: : :::: :: :::: :::: :: :: : : :: : 
UOHOOOOOooOUOOoHOOOoO 

"'!'"""""_ ..... , .......... . 

80 100 
Energy (GeV) 

80 100 
Energy ( GeV) 

·.·• 



·7 
10 

.. 
10 

.. 
10 

·• 10 

·11 
10 

QCD jets, missing Et in Hadron calorimeter 
o I ; +I 
-: : . . : : : : : : ~ ... t : : : : : : : ' W: : : : : : : : 

····· t tr ~tfll····.·····r·············:··············r··········· :···········!··········:····.······ ··· 
• ' I ' ' • ' • ' 
I : I ' ' : • : : 

: Ll 7:' +' l : l l : ........... L.. . ...... L ..... i. ... Lt± ..... L.t ... T .. L ........... .I. ............ L ............ L ............ L ........... . 
i : ; "":.! : r:~ : : : : : : ~· •-:-• : : : : : : 
: : ' I : : : : : : : : . : f : i : : i : : : ... : + : : : : : 

--j- 1- ~d:~ --r- --++··t+f ··t···t·····tJ·············-~~ ........ :-··t············· 
: : -r. • : : . : : . : 

. : . .•. : : : : : : 
~ i !ti ·: l l u. ± l l l 

• • .. I • • ~ I . . . 
---····-f ············· ;·-·-·--·1-·t···-~----1---·.-·········1 ······ ······-f-····tt· :·+··········~·-·t········· 

; i· i +-h =; ; i : : r 
.ro 1 ~ ; [ t !N. 1 'o/re .. s [ 1 

-•... , •. ~·-········f .... : .... ~-~--~-~L--l-·+······~-··+····1·'J······-~·-···········-~·-··········-1·············· 
. = • = • rr: . . : ' : = = ! ; • ! I . I : • : : : 

: • i . ·• : : : : : 
•. f ·-~ .·: : : : ! : 
: I I I : : : ; : 

~;~-: i ~ j ~ ! 
1~2L..t.. ......... ..L-l...L-.1....1.-J...%:~14i:Wl~~~·u...· ....... ~j~·...1-1...i...J·-.... ...... .i....1-· ................. ~· ........ -.... ....... • ......... ~ 

0 "'° 200 240 280 32Q 360 400 
Missin Er ( GeV) 

Missirrg Et from v. all 71 
.... . :· . 

18 



12123/89 04: ZS 

- a) 

[ 
- I ·200 

-
Z2Q 

bl 
-> 200 e -• "a . :i -·-'E. 180 • < 

160 

: , • 
.. 
. :- : I 

t40 160 

~. 
~ I'll" · ~ .• 11 I 1-· 11-~ ;;;. ¥ ""llSl"4 . I .. I I A 
~ 

• •• 
I Elecl'ron~ j 

... 
• 

• 
• 

. . 
I I 

160 110 2f0 
Time Ins> 

I ?ions 1 

tao 200 220 
Time lnsl 

·Figure l.1 

19 

I 

220 

21.0 

I 

26"0 

I 

-~-0 6'..v 



1.0 

0.8 

0.6 

0.4 
't:l cu • L.I 
cu0.2 --. Cl 
L.I 

CHARGE COLLECTION (80 GeVl 
I I 

---------------- .... ---- - - - --i 
e • J 

--· 
• 
0 

• electrons J 
o pions 

a) with cables 

Cl 0 E1 L--l.....1...-'-J.....1~...L--'-....... _.__._.._ ................ _.__,_...._."--'-....... ..._"--''-"'...J 
Ill 
~ 
L.I 

.... to c - - - - - - - - - - ,- - - ... - - - - - - -· 
g g 

i +: 0.8 
L.I • c.. 

u.. 0.6 

0.4 

0.2 

0 --... 

0 

~ • eo • ele.ctrons 
0 

• 0 o pions 

0 

50 

b) cables unfolded 

1'00 150 200 

Charg·e collection time (ns} 

F"igure 'T 

20 

250 

... 



Presentation by: 

F. Paige 

21 



trl tY') ,,,. ) c s-.,. ,,, .. , "'' 
,,. (f.,J • .,. ) c. ,. .,, ... ' 

~ f.. . 
. 'P(t.,.~> .. -pc.,••> .?<1--J~> 

lC ?<,., tJ .,J;., 
~· "' ... tf 

23 



Presentation by: 

A. Vanyashin 

25 



------·--·----- A . "..............,......,. "" "" - ------------1· ----------

G.t«-eV\-\- o..c.1-cv<-h'es : 

' . \ 1;1.cor-p~Q.. L '?..c- ~ '\-o t::AST1 i 
CJ ~~1~ i,u~; 

l 
2. ~~c< {l'ca:f.&o~s {o.- EM coi.{Q""l&M.e~ 

~~ u lGlX" "r'ej. 0 l u. ;.~~ ~ . Cl. 

•. $~ ~\Qu.a 11\Aok. ( H 4 ~ ) . 

. ----------- -- -. ------. - (vc..-fO..~'"\c.)' 
~- i \so la{{~ s\."ld.y u.s~~ ~AD I 

Co lo~··t''tl."Q..~eoit.. or'\-~~) 0· Goht4fvi·A) 

L~c;. f>l le.Mp ~ ~ SC\ kJT CaJ. I 
N\OJ/ f>(\O v\J.e \~~b.M + ! 

f~~t es,. OU-CO-u.~+ ~~ {Mo.-(" 
Pf \.l'-1&~1 ~ O~-\-l~ 

~ CM.,.-\- C>"'- -e.t.i.~ y tJ.:e ... "°\~~ l 1A. 

€~~e. S.U\M.,..,h...,,. 

\.{ c I 

~ 
20% cit -G~ce, ct L Al\ H.C 

27 



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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• ...,,.. 97 .035 95.45 93.239 91.571 0. 8~ 88.455 86.484 85.229 • 
• 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 
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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 

34 

1 
b, mrod 

. "'·· 



0-r+"""'-i~ ~µ C4\ot-~1AA.e~ \llJ\ll ~ 

~\IQ. -\<> ~ ~~ tt ~ at\' '"" 

• 

35 



Presentation by: 

Yu. Fisyak 

37 



... ,., ; 1 '2- r 
~· fo Lt 1~c..1~ -) l\!) ~f CIM'/ .S 

19.?i~ o.t °I• ~t/ "'- /2..~CAJI. 
~.i;~ .IJO~ /2.~ ~~/f:AM'-/1 = 

-:;:;... 2.. ~ K ~ I tiN ~ ~ , 
3. - 1-_f) • ' ~ • • ~ 6.~ ,. 

~ V '-/ 't f-t g.() UJA - Cf'T' "'-' ,.,_,... 

ii'Y-i~~ /~ a r .u;- ,.= 

, 
-:. n> /o 

39 



Presentation by: 

P. Dingus 

41 



Issues IN P1r7Te-w.,,i 
Roe. e.o ~ AJ 1 Tt oAJ 

II 

11 

~ i 11 

j ~Q i I 

I i 
Q~ r ~ 

. . ~ 
I 

11 
I 

Mo be L.. 

t 



I 
I 

I 
I 
I 

I 
I 
I 

\ 
\ 
I 

\ 

r,; f't..,,f oF 
~ ~ysre,.,. 8'1t 41 

C.011 FttJ.,,. A Tio tJ 



• 

• • 
------------

6 ~c,lc' t'OllUO IN Oue. e, l) 

'fJ 1r r re. r-A> lte. eo9" 1r10 AJ 

f' Ito eLe.M t 
~ 

• • • • • 
~ • • • • • 

• • • • • • 

1) C.#IAr ""b fA1&i1C,Lt:,S 0 rlleri THlrAJ 
>f 'S F o ,,,,,, O IN TNc .s '1 Me. t:,,a,,J. I, It~ 

THe. -"! THA7 e.... t!-J.01•.- ro 
TH• ,+~ooe. w1~e THAAJ TNe 1' 

J..) t!. }I A1t5 e, b l'A AT 1e l.e,t o THe. r TH1tN 
TH e /ti u • A1 w 1114 H s T It. 1 lc e ::-c; c Li·t 
~lAC:el!JT ( % Ice LL J : 1 a. e.1.1. i J To 
TH. o te t.1H1e,, H THe. -"! H, r. 

45 



1) w ".., T Tc I) .. Te. tt IM IA) c rH t: AJCIMBe~ 
Of -Af (A""'PL11JG LAyers /,_o$T /)11e 

To 1 IAJOva..eo SAc.kaovAJDSJ 1 
YJ.~ys J (J,,01JtltJrs1c~S J GH1c1t-6&D 

f' ft A.TIC. L Ls C.o ~ 11.J c. F Ito M Tl-I e Top 
c F TI# e. e A!..~ , , , 46 



2..) WA a.>T Tc De. Ta.at M 1aJ e. THc AJ&1Mee~ 

cF .SAM fJI. ,-.,~ J...A.ye.~ $ /.05 T 11.J 

>1 s y ~ re "' F o " "'1 / s , AJ ' s \.. 'r ' 
j e. T .s D i.J e Tc A!A c,k~ a-"01.1 w bs IAJ 

(1 l 'PL 1tJt 8Ae..I( ~ ~ou AJO 1 Ouc Tc 
C.-HAA.~e.O PAM..Tltt-L.e A,Jo1se. FllcM _ 
TH e ~ e. r, --

.3) ~AtJT Tc ,.., T A F'1A.r T "''ol< (§' 
rHe. e PF1e1eAJcy Fo1t F11Jb 1u3 
-Alf Tit AC,/<.J ,., rHe. B1trre L taJ 

Tll& P1teseue e OF C..HA-1&' e D 
fJ1cAT1e-Le. A.JOI$&, 

i) WA JJ T Tf/J D& Te..-. 1M11Je,, TH e.. 
E F Fe. a,, r o AJ TH e. fl. c.rol. u r10 ~ 

cF> 1 Tf4.At:,,l<.r btJ& Tc r1101e
/..ot r }4e.A~utteAt1e,1JTl. 

47 



• Foic.. TH1i. STuDy r Vtc.l> A
H1T- L.e.vc,L Me OF rHc. AfuoAJ 

r H , " ~1' 8M /Al Tc. \:l•M ~,,.5El.1NC. -

i '' a. O IJ ,, 'ti,. A T10AJ. 

• TNe .STu D 1 MIAS t!.oAJ/)i;e,,,reo 
For -"f 1S IAJ THe IJ,,t-~'l!,l ty1TeM 
CIJLf 

• Tiie. S 1 M vL A T10,,J UI e.t THe. N-.,-

t.J e, TI' F l~L D MAJ' 1411 TH TNc. FJ.1;~ 
C,oAJO-CAJ T1e.Arott lrN/J MA' 1.1e-T N•M· 

~leAAIC. IN&LtJIJeD • 

• TH• MtJ•N .SY. s re. M W~.f CoAJSTltu&T-
cc " " ,, e o • F ·I' I 1 c A 1 r "I I. A ya rs 

DF AL WALLS HAt11AJG 11. 1').{7,3•i.J 

J ll1f ~•.1 7,f "• oF ftN X0 • 

IN110e. THc C.HlrM~e,,.r IAIA& 

THe. .r CNS• T1 "" ~ltr Aro t.11a,. 

• A so. 1u- Y't- c A Lo ,.,M & , .. ,,. .., I rH 
~11.) c;· ,o• IUA.S &ISC..0 /Al Flf.oAJT 

48 
oF THe. Muoa1 sy1re~. .. .. -



• 8!H1t.JO THc. C,,,Lo, MIA.s' 
G'e.M Fe. ( f!l'yosTAT J S1A.Jt;C LAJI' 
WAS <z..Hoo.re.AJ rH11 MAY de. 

• 

• 

• 

A J,J IM"·~ TltN T I!'' ~·NII O&t-· 

AT1ou) 
/C ¢M fJo,1,,1e.D l°o/.y, AIJIJ ,. 'ct M AIJ- GAJO @ 4t I' ,0. 

!-.,... c. ~ fJ H yr, c s e " r .r 111 • ,_. c. 
IM fO s c. O &vc.ry w Ha~& 1tde.epTJ' 

q,~ .to eM IA.> To C,frLc - S"D kr,v 
P'I\ •M Top 

") ALL. M uo a.I Sy t re~ Vo tuM et- S'Ckev 

Wtft.e.S AIJO V&r'T1e-Lc (J.c,LL 

WALLS IAJ&~e. l'lt•JJIO&li /AJ 
SoFTWAre "4Af'I ( 1Nerc1ttc,1 

J ft. eO o F !°Ito ,~l+M ) 

Ful.. I. Ttt lrt!,,,k.1A1' o F Sedot.JD• 
AM.IC.$ AtJO PHy. f'lfot!,,e,,rle..r 

I Alf f' L a ~ e, AJ Te D , 
49 



0.24 

0.2 

0. 16 

0.12 

0.08 

0.04 

0 
0 

I I 
T -, 

2 

/. x io"a .. 

t -I 

4 

-i t 
-I I I T T t 

I I 

6 8 10 

EXTRA HITS VS PLANE 

's 

ID 6 
Entries 3781 
Mecn 7.801 
RMS 4.498 

I 
I t T T l I I 

I T -, 

i2 14 16 

Pl.AN&-
0.14 r---_..,...------------.------~ 

ID 6 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 

0 0 2 4 

I r3, o.r r 
I I -

6 

I -, 

8 10 

EXTRA HITS VS PLANE 

Entries 3770 
Mean 8.882 

!RMS , 4.558 

-: t t I T 

12 14 16 

PL~NC. 

EFFec,ToF Tt1~N1~6 
F1~LD o~ AND cFF 

50 



0 
2 

--.< 

" 

• 
~-

·~ -c.;..: 

...:) 

CJ 
• C.) 

~') 

~ .!"-,..o 
I\~ 

~ \ 
• 

l • • • I 

! I 

51 

::: 

,;.-·· 

.. .. ·· 

.. · ···: 

.. ,•' 

.. .. ··.·.: . ,.·' 
~ ... ··· .· 

.··y / •.. ···· 

. . .. ··· :. :-: : ..... :· .•••••••• ,i_.,.··. . . - .. .... : . 

.. ·· .... · 

... ······· .·· 

: 

: 

.. 

: 

.. 

. :: .: : _; _.·: ;,.··················· _,. ..;/·/r·····~ 
.· /+ 

:· 

.• · I .· : 

i I 

.· 

.iL·J,~; .. ~-!-'--------~ 

0 .... 
c 

" 



0 ... 
• 

-: 
. . 
: \ 

~ ·:. 
' .. ":. ·~ 

-- \ ·••• ... \._ 
" · .. \ \ .... - ·. '-- -\ 

.. 
. . 

. .. 

\ 
\ 
\ 

• 

-~ ... ... 

• 
• 
• • 

\ \ 
4"9.r. .. y ~···~ ... 

·;-········ ... 

\\ .. 

: : 
: : . . 
·.: 

52 

... ···· . . ... ···· ... ··· .... .... 

:' 
.. 

... . 
·' 

./ 
: 

. .. 

.. 

-

·-
·········:l:. 

.. ···::..:.. 
.. 

.. 

.. .. 

-

.. 

s. 
• >.. c 
~ 

Ii. 

• ... 
~ 
~ 

c • :. 
~ 



.\ .. ·\\ .... i 

. ._,.I~·'.;. 

.·· .. • 
;·· 

~ 

• • 

. . . 
:: .. f.······ !: . 
£):•' J ;" ... ·· ... · . . .· ..... .. . . .· 

: .· ~.··.r·· : . 
.. ··i .• . . · 

/···· .. . ·: .. ···· 

. .·\· : ... · i .. . 

.. ·· 
. " .!'' 

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

: : 
... , 

;': 

: 

.. · 

so!" 0 .... 
c 

"\i,; 

: :.-· 
: :: 
: t 

!:{ 

... : 

j ..... i 
.. 

;.: 

la. 
0 0 

c;:J 

~~ .... ~i./J 
: ; : ... 
ff: 
:: . 

.:r~ Y, _. 
•. :~ ,! 

=~ ::: 

53 

;' ,: 

//;~ 
_ _./ j i\ 
:~;; 

"' < 
-' 
~ 

~ 



14 

12 

10 

8 

6 

4 

2 

0 

14 

12 

10 

8 

6 

4 

2 

0 

I ' I I 

500 1000 

Entries 
Mean 
RMS 

19 
200 

796.2 
747.3 

In I I I '"I I I I 
1500 2000 2500 3000 3500 4000 4500 5000 

NUMSER SEC SELOW MUON SYS 

B • o.r r 
ID 
Entries 
Mean 
RMS 

Nu• sec. 

19 
200 

769.8 
729.6 

I ' ' 
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

NUMBER SEC BELOW MUON SYS 
llv-. Se~ 

54 



3600 

3200 

2800 

2400 

2000 

1600 

1200 

800 

400 

0 
320 

-2400 -----2000 -----1600 -----.... 
I-1200 
... 
I-.... ... 800 
... 
I-
I---400 
--

B:O 

CA lo 

' ' ' ' I 

330 340 

e~ o.tr 

CALO 
• I • I . . . I I - -

330 340 

350 Air 360 

VERTICES OF SEC 

• I M~ .« 
350 Ar,. 360 

VERTICES OF SEC 

--, 
I 

I 
I 

ID 22 
Entries 52469 
Mean 366.8 
RMS 10.97 

I --
I 
I 
I 

370 380 390 
I re"-' 

ID 22 
Entries 

~ 
63158 

Mean 370.7 
RMS 8.447 

I~~ I ft' n n n . 
370 3so .3so I 

~ 4M I 
L-~~~~~~~~~~~~~~~~~~~~~~~~-__j 

Ve.~T1oc.s OF Ol1G1w OF 
Se C oND lrl 1 /41 rr Ill Nu•IJ 

· s y s Te ... s e 11 s 1 T1 " e 6 *' 
55 



56 



320 

280 

240 

200 

160 

120 

80 

40 

0 

320 

280 

240 

200 

160 

120 

80 

40 

0 

0 0 

1 2 

1 2 

s~o 

-' · 
3 4 5 6 

ID 
Entries 
Mean 
RMS 

L 

7 

DISTANCE FROM MU ON SL 1,PL 1 

8: o. YT 

3 4 5 6 

ID 
Entries 
Mean 
RMS 

' I 

7 

DISTANCE FROM MU ON SL 1,PL 1 

9 
5360 

3.242 
1.204 

I I ' • \,.,I I ' I 

8 9 10 

I ' • I I 

GM 

9 
4177 

3.144 
1.436 

8 9 10 

4&t 

·01sr1t" c e ", Jeeo1r1D••y 
FR•M .At c c.L' OM SL• I, "'"=I 

57 



0.35 

0.3 

0.25 

0.2 

G.15 

0.1 

0.05 

t1 I 

1sr SL i+ t r, ++ 

L 
+ , + T + + t, 

0 
340 350 ,.,,. 

x 102 ~&'f//t. 
C.45 

0.4 

C.35 

0.3 

G.25 

0.2 

T T 
+ +.:. ++ ++ + . + + --- - - - . --· . 

r I I r I 1 I I • 1 I 

360 370 380 

PMAG VS RR 

t 
t 

ID 
/Entries 

ecn 

54 
52469 
372.2 
8.948 

I ' I I I t ' I I 

.390 400 410 

r' dM 

ID 54 
Entries 63158 
Me on 372.6 
RMS 8.504 

,,, .SI. t I t l 
0.15 

T 't i t 
+ +·+++ 0.1 + 

0.05 - -- + - -- - +t + ---- -- -- - - -
0 ' ' ' ' ' I I 

340 350A 360 370 380 390 400 410 .... r 4ac PMAG VS RR 

58 

l 
I 
I 
I 
I 



5 

4 

3 

2 

1 

0 

4 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

------------..... -

-

-

l 
-
~ 
-
:_ 

-
' 

ID 15 
Entries 68 
Mecn .4036E-02 
RMS .4051 E-02 

6• 0 

< >~ f,o, "'•" 
.... 

, , . , I, .n. I,, L 
I . I , , . .. ' I , ' I I I ' •. ' ' I I I I ' ' 

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 

PT oF sEcoND.A.R1Es ouT oF CALO G e "/4 
ID 15 
Entries 67 
Mecn .3632E-02 
RMS .3161 E-02 

6• o. rr 
""' < >= S, C. ••v/t. 

I~-
-

' ' I ' 
I 

' ' I • I . I . •• I 1 • I I I I I I I •• I • 

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 

PT OF SECONDARIES OUT OF CALO G Cll /~ 

"- I S' "'e v /c It e 5 u 1 t"C O Tc 
~er Tc C.ALe, ,,,... AWA"f(; 
c e "r c y c F st. &Ii I TH IJ = o. 'T 59 

- 1 •1. OIJ .tve~A5e 



.... 
400 

360 

320 

280 

240 

200 

'"' 400 

360 

320 

280 

240 

200 

160 

120 

80 
40 

' ..... ·. 

0
300 

. ~ 

400 500 

:· · .. 

400 500 

.. 

ID 
ENTRIES 
27.0 
351. 
196. 

600 700 

YYVS XX 

ID 
ENTRIES 
29.0 
29.0 
57.0 

. .. 

600 700 

YYVS XX 

60 

55:-7.... .OOOE+OO 
.263E~05 .OOOE+OO 
.163Et'".4 .OOOE+OO 

800 900 

189·. 
1 ~4."'~:05 .::>.~, ... 

38f~}. 

' ' 
800 

5 
16056 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

900 



16 

14 

12 

10 

8 

6 

4 

2 

0 ' ' ' 
-5 

Se C. C.. Lo! e. V' +--------. 
lo "'11Re. 

I ' , I .I,, 
-4 -3 -2 -1 0 1 

ID 
Entries 
Mean 
RMS 

2 

DISTRIBUTION OF HITS IN MUON CELLS SL 1 -
s~~- c. t.os e V' 

To W1~e. 

~ 

~ 
~ 
~ 
/ 

I ' ' 

ID 
Entries 
Mean 
RMS 

3 

23 
202 

.4515 

.8518 

24 
150 

.5653 

.8129 

-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 

DISTRIBUTION OF HITS IN MUON CELLS SL2 
fD1sT {C.M} -

f' 01sT I f'sca • f .. ( ,., , .. ) 
IF ~~ ... .., D••y IS C:L•S•,. To Tiie 
TM•AI 1 Po11r ... <-> • 

<Alfl'4 Sc.c c.LoJ&ft) .. 1 t le 

._,, .... 
61 



0 

/ 0 X/0-1. /tCC.~'FTeD 

1.1 

1 

1 Tev f'1 

ID 
Entries 

26 
9 

Mecn 4.734 
RMS 2.021 

.- --- - ---- ---------- ----- - ..-----! 
' 

, _____ .., __ 

' 
,. _______ _ 

' 

' 
, _______ _ 

0.9 

r--

0.7 

,3). 
0.6 

I • 

i 
0.5 

0 
I ' 

2 3 4 

- - - - - :i e:: CL as~:; T 
Jee H1rs 

' . ' I 

5 6 7 

SL 1 CORRELATED COMFROMISED HliS 

8 

fLA11.Je.. 

62 



1 T-c v 'f T 

ID 51 
Entries 9 

.... 
Mecn 4.491 

1.04 ~ RMS 2.073 
.... 

-
1 ~ I ,LAflC. C.Mp.:··············································································· .. ········ .. ······· 

: 9 7 ~. :-------------------------------------------------
1-------·············J, ---------------1 ... .. : :..... 

o.ss ... ' r. s ~: ________ , 
.... 9s-•1. 

0.92 L-

... 

... 

... r------
0.88 I-

... 

-
-

0.84 -
-
-
-
-

0.8 f I ' • I I • f I f f • I . . . I ' .. I . • I I • I . . I 

0 1 2 3 4 5 6 7 8 

563 COMP. CLOSEST HITS SL 1 75 SL2 75 
fLltAJe. 

f'L lt-1& S to,.,, f' r OMIS&O OAI 

SL l G._1.,e.A1~7,·;. fl.A~&J OA! 
S&.1 ANO S&.2.. CJNA•'4/0re-.11e,O 63 
(- soa.10 I.if.le) 



% x 10-1 

' A c.ecyireo 
-
-
--

0.9 -
'" --
~ 

0.875 ,._ 
----

0.85 - -----0.825 ,._ 

--
--

0.8 -
'" 
'" --0.775 ,._ 

----
0.75 ,._ 

--
--

0.725 ----
0.7 

-, I • ' 

0 

1 l<:.v P; 's 

{ t,01i4 I' i Sed. U 1T.s '"' e ''" r t 1, a. .,1, 
ID 40 
Entries 9 
Mecn 4.521 
RMS 2.069 

....................................................................... 
~--··············· 

i-------------------------------. i _______ .. 
ooouoo.••uo••"I 

• I 
I 
I 
I I 

;-------.,.....-~---, ................... , 
• I 

I 

I 

~-------~· ~----' I 
I 
I 
I 
I 
I 

... -.. -.. So% 5L1 
C.2. % SL. 1 

i------- 7 ~-0/ ~I 1 
"" to - L. -1 

I 
I 
I 
I 

~ I • • • 1 • . • • 1 • 1 • I . . . . I I ' • ' I • . . ' t • I • • I 

1 2 3 4 5 6 

SL3 COMP. AJACENT HITS SL1 75 SL2 75 

f'l.lcN&.S eo~,.,..__.,, .. D •N S'3 
'\\le.Al ~ 7S"~ o F Pl. A IJ& I o AJ 

s1-i A"10 .S&.2. UN&•,,.,.r.,,.1re.o C-.sol•O) 
64 



/
4 

x / o -:z. A f!e. e ;a re. D 

1 . 1 - ID 27 

- Entries 9 

- Mean 4.719 

- RMS 2.000 

- I 
1 >- -------------------------' 

J ----·---" I- ' ' - ' c ' ' - ' ' - ' - - ··--
. - - <-

' >- ' 0.9 
' I- ' ' 

I- ' 
' ' I- ' --------· 

I- ' ' ' >- ' I 0.8 

- I 
I 

• I- ' I - ' ' ' - ' ' - - -- .S C(!. c.LoSe:; T - ' I 0.7 
- I 

~ec.. J.I trs I 
I - ' ' - ' I 
' - I 

' 0.6 -
-
-
-
I-

I ' ' I ' •· ' ' I ' ' ' ' I . . ' I ' . ' ' I .. ' ' I ' . I . ' ' I 0.5 
2 3 0 1 5 6 7 8 4 

f LANe. 
SL2 CORRELATED COMPROMISED HITS 

65 



1 -.. ID 35 

.. Entries 9 

.. Mecn 4.616 

.. RMS 2.074 

1 ...... .---------------- --------
' ' ... 

________ .. 

' - ,--------· 
' I ... - ---- ---- - .. - ' ________ .. 

0.9 ' ...... ' ' 
' I 

- -·-

--------~ .. ' ' I 
' - ' ' .. ' ' ' ... 

0.8 '-.. --------' ' .. ' .. 
.. 

0.7 .... 

.. .- - - - s L 2. .. SLL .. 
0.6 ...... 

.. 
... 
.. .. 
I ' 

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

' 
. . ' ' I . I I ' ' ' • . . . 0.5 

2 3 5 0 1 6 7 8 4 

SL 1 CORRELATED AJACENT HITS PLAN~ 

66 



Pcttern Recognition. 

0 
soo 0 

€00 

ACQ - ----- ---- -- - - -

200 

0 

-200 

-4CO 

-600 

-ECO 

<D 

® 
0 

e 
0 

0 

I I I ' t I • I I • I I •• f • 0 
' •• ' I I • I I ' • I I I l • ' 

-800 -600 -400 -200 0 200 400 600 800 

ATTe,.pT To 
Ct...-.sTc -t TRAck.s 1AJ 67 

..., .Sysra""' C~cwu) 

I 
I 

I 
i 
' 

I 

I i -- --
' 



3600 

3200 

2800 

2400 

2000 

1600 

1200 

800 

400 
0 ... I . 

-20 -16 

0.28 

0.24 

0.2 

0.16 

0.12 

0.08 

0.04 

-12 -8 -4 

ID 
Entries 
Mecn 
RMS 

r 
_Jr~-
.-,,,,,,,.-:'--: 

0 4 8 

RESIDUALS (THREE SLS) 

ID 
Entries 
Mecn 
RMS 

12 

20103 
1.792 
6.660 

16 20 
e.-"! 

60 
43055 
2.490 
1.435 

0 1:..L.......1-J_!--J.-1--1.......L_....1-..1-~-l.......:....•-·'-.l.-l--1--'-..l........i.._t.......J.l__.___.__._...J.......I 

1 2 3 4 5 6 

PERCENT MUON LOST VS TUBES CUT 

tt c., , • "A L s o , H, r.1 
f lt.o "'< F t T 

Tv Ces 
e! uT 

68 



0.2 8 

0.24 

0.2 

0.16 

0.12 

0.08 

0.04 

0 

.... ID 60 
.... 

- Entries 43055 
.... Mecn 2.490 

I 

L... I RMS 1.435 

... 
,_ 
L... 

L...... 

.... 
L... I 

-- - SOOG~v 
L... • I 
i..----~-----

- --- ·-- - -
- -

.... I 
1 Te.v 

..... 

.... 

.... 
I 

.... I 
.... 
..... 
.... 

_____ J, _____ 

- I 
I 
I ... 

.... 

..... 
I ... -----J. .............. 

I 
I 

.... 

- • ..... -----7-----
.... 
.... 
.... -----;.-----... 
..... 
.... 
.... 
,_ 

... . . I • • . I . . . . I • • . . I . . . I . . • -

1 2 3 4 5 

PERCENT MUON LOST VS TUBES CUT 

6 

Tut3e.s eur 

69 



i.04 

0.92 ,,.,. 

' 

• 
''·'~ 0.88 

0.84 

-
-

-
-
'" 
'" 
'" ,.... 

'" -
-
-
-
-
'" 
'" 
'" 
I-

'" -. 
-
-
-
-
-
-
-
'" 
-

0.8 I 

0 
' 

ID 51 
Entries g 
Mecn 4.491 
RMS 2.073 

,.LAU' 
.. -

I ~------------------------------------------------· ' ..... 
' --------

' ' ' ' I ' ' ' 
---- s'co&et/ 

1 Te II 

• Pl.Alie ' -------• 
I 

' ' ' 

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

1 2 3 4 5 6 

SL3 COMP. CLOSEST HITS SL 1 75 SL2 75 

70 



1.08 ,__ 
,_ 
,_ 
,_ 
>-

1.04 ,__ 
,_ 
,_ 
,_ 
,_ 

. ---~------ ---· 
1 ,__ 

,_ 
,_ 
>-

,_ 
0.96 ,__ 

,_ 
,_ 
,_ 
,_ 

0.92 ,__ 
!'"'-------,_ 
I 

>- I 
I ,_ I 

,_ 

0.88 ,__ 
... 
-
>-

... 
0.84 ,__ 

~ 

,_ 

--I . . • I . . 0.8 
1 0 

ID 52 
Entries 9 
Mean 4.498 
RMS 2.071 

-------------------------------------------------I 
I 

,,, ________ 
I 
I 
I 
I 
I 
I 
I 

-- -

I I . 

• . . . I . . . I . • . I . . ' . . 
2 3 5 6 

SL.3 COMP. CLOSEST HITS SL 1 62 SL2 75 

71 

-

' ' 

soa C.c.:1 

J.. 

' 

Tev 

I . 

7 
. . I 

8 

PL ANt:. 



... ID "'~ ~-- Entries 9 

1.08 
~ 

Mecn 4.507 -
~ RMS 2.068 --
-

1.04 -
--
-.... 

1 ,__ 
-------------------------------------------------... 

... ....-------

... ' ' -
0.96 -

- Soo6-:.v ----
i -~ Jev 

... 
0.92 ,__ 

... 
,.. __ .. ____ 
' ' - ' ... ' 

-
0.88 ----

-
0.84 -

---
-, 

' 
.. I ' ' ' I ' . . I . . . ' I ' ' ' ' I • I .. . ' I . . • I 0.8 

0 2 3 5 6 7 8 1 4 

SL3 COMP. CLOSEST HITS SL 1 50 SL2 75 
PLAN-:. 

72 



~ 

-
0.9 -

-
,,,$'}-

W•\-

C.85 '-
L 

L 

'· 
L 

~ 

v .• L... 

"·" L 
• -----l.. 

L 

C.75 '--

7f\ -- -
L 

0.7 '-
L 

L 

L 

L 

0.65 L.. 

L 

L 

L 

L 

0.6 L.. 

L 

L 

L 

L 

C.55 L.. 

L 

L 

L 

0.5 
-, 
0 

. . 

.. --- --------- --. .LQ ___________________ 40 . 
' Entries 9 .. --------

I 

' Mean 4.521 ' --------' RMS 2.069 I 

' ' ' ' ' ' 
I .... !., .. [ ... ,. ---,.. ................ 
' I ' - '" - - --
' ' 

0 I'&. A .. ~, 
' ' 

--- -

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

1 2 3 4 5 6 

SL3 COMP. AJACENT HITS SL1 75 SL2 75 

73 

, - - --

5·00 6c:v 

1 

. 

Te. v 

I I .. ' . I 

7 8 

f Lj,AJ~S 



0.925 

0.9 

0.875 

0.85 

0.825 

0.8 

0.775 

0.75 

0.725 

0.7 
0 

.----------------+8-------------------4-r 
' 
' ' ,--------· 

' 
' 

----·---~ 
' ' ' 

,- -

' ' ' ' ' ' ' 

Entries 9 
Mean 4.520 
RMS 2.069 

----------

.- - - - :Joo Ge:J 

1 Tev 

' I I ' ' ' ' ' 
1 2 3 4 5 6 7 8 

SL3 COMP. AJACENT HITS SL1 62 SL2 75 
f LANe. 

74 



• -2. 
/ 0 f.. to A e. Ce f'Te. D 

0.95 

0.925 

0.9 -

0.875 

0.85 

0.825 

0.8 

0.775 

0.75 
0 

--------" 

,.-------" 
I 
I 

1 2 3 

ID 
Entries 

42 
9 

:----------------1ieon-------------4:51-g-
RMs 2.070 

----

.. 
4 5 6 

SL3 COMP. AJACENT HITS SL1 50 SL2 75 

75 



360 

320 

280 

0
300 400 

400 

360 i ~f 
320 

280 

240 

200 
.. 

160 -:;._: ... 
~':~~-

120 

\ . 80 

40 
.-{r~ . ' . I ' 0

300 400 

:co 

' I 

500 

I I I I ' 

600 700 

YYVS XX 

600 

10 
ENTRIES 
86.0 
254. 
175. 

700 

YYVS XX 

29111 
.OOOE+OO 

.263E~05 .OOOE+OO 

.163E~4 .OOOE+OO 

' ' ' 

800 900 

··. 
219. 

5 
4450.3 

.OOOE+OO 
Ai 3E;:os .OOOE +00 

800 900 

Y, p 'fl 0 T 0 F H I Ts 

76 

1 
i 



- ------------------------" ! 

10000 

8000 

6000 

4000 

2000 

5000 

4000 

3000 

2000 

1000 

015TAN'-C. 
J3 ~ T 1111 ~c.N 

1. Te-" 

C1&Lo + SL1 l'c-Jr n 
r'-

n...n .. :-: , I • 

330 .340 350 360 

VERTICES OF SEC 

~Ll ftJo" F•~TNer 
FAc~ CArLo (11.~·c."'' 

, I . .-..I ...n.. I I I I 

330 340 350 360 

VERTICES OF SEC 

c p,) 
ID 22 

Entries~~ 
Mecn 
F,1MS 

I I ' I I I I • 

370 380 390 

ID 
Entries 
Mean 
RMS 

370 

Y' ( C.\f) 

22 
330300 

371.2 
~ 8.106 

380 390 
r ( C!.M) 

I 
' ' i 
I 

I 
l 
I 

! 
! 
I 

I 

I ! --
1 

' 

i 
L-~~~~~~~~~~~~~~~~~~~~~~~~-~ 

CoM1'A1t.1row oF 

SL.1 ~ '' /f T 't 
77 



16 

14 

12 

10 

8 

6 

4 

2 

0 
-5 

8 

7 

6 

5 

4 

3 

2 

' I 
-4 

r, 
sec.. CLo~c.Y <-~ 

~ 
, , , I,,, .n,. l , , , , 

-3 -2 -1 0 1 

ID 
Entries 
Mecn 
RMS 

L 
, J n, I,, 
2 3 

DISTRIBUTION OF HITS IN MUON CELLS SL 1 

5 i:e. f!Los er 

ID 
Entries 
Mecn 
RMS 

23 
202 

.45i5 

.8518 

I I t I ' 

4 5 c. ;\.( 

23 
157 

.2989 

.7801 

l 
I 

I 
I 

i 
1 

0 
-2.5 

c:..L-l...J....L--L-2L...U.J-'_-',..U.5-'-'-'_.J..l...J., ·-'·..._,__ .... o.u..5 .......... ..I.' ..J..o..:..· ............... o ..... 5"'-'-' .,__,_. ~~ ~.1.l..l..1 ..... 5.i...u.l.-U..2L-L-._,_'-'2.s e.., I 
Pb1sT j DISTRIBUTION OF HITS IN MUON CELLS SL 1 

' L-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~ 

P D 1 s T = f 5 el - P 1 ( 1 N C. 1-1 F Ro'-' ""11 P. e ) 
0 < "u~ of S-ec.'.s C.Lo5el"> ...... l $'lo 

78 



1.08 

1 .04 

1 

0.96 

0.92 

0.88 

0.84 

0.8 0 1 2 

--- 1<it 

i' <j' 1 

,-------_,--------
' • 
' 

3 4 5 

ID 
Entries 
Mecn 
RMS 

6 

SL 1 COMPROMISED(CLOSEST) HITS 

79 

7 

25 
g 

4.569 
2.053 

8 



- ID 34 
- Entries 9 -

1.08 ,.... Mecn 4.529 

- RMS 2.055 

'" - - - .ttf !? A 
'" I 

1.04 '" ~ 1 .... ..... I 

'" --. - . -------·- -- - --

-
- I ~-------·----------------· ________ 1 

'" ' 
'" ' --------· 
'" 0.96 ... 
-
---

0.92 ----
-

0.88 -
- r-------- I 

I - I 
I - I 

0.84 
I - I 
I -

-
-- I I I . . I . ' . I ' . . ' I 

' 
, I 

' . . I .. . ' I . . . . . . . 
0.8 

0 3 7 8 1 2 4 5 6 

SL2 COMPROMISED(CLOSEST) HITS 

80 



- ID 53 

- Entries 9 
~ Mean 4.507 

1.08 ..... RMS 2.068 
~ 

... 

.. 
'1 '6 t ---

1.04 ..... g <6 + 
... -· -

- ---
I.. 

... 
I.. . (THey 1;e THe S11J1.ce fie .,,.e) 

1 ..... 
I.. 

'" 
- ·. 
-

0.96 -
-.. 
-
-

0.92 -
I.. 

... .. 

... 
0.88 I.... 

.... .. 
-, 

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

I .... I . . ' I . I . • I 

a 1 2 4 5 6 7 8 

SL3 COMP. CLOSEST HITS SL 1 50 SL2 75 

81 



1 . 1 

1.05 

1 

0.95 

0.9 

0.85 

0.8 

0.75 

0.7 0 

ID 35 
Entries 9 
Mecn 4.616 
RMS 2.074-

---------------------------------' 
' __ , 
' .--------· 

' 
' ' ' "--------

' ' • 
' • 
' 
' ' ' 

r-------~ 

' --------· 

' ----' ' 

I I I I 

1 2 3 4 
I I I I 

5 6 

SL 1 CORRELATED AJACENT HITS 

82 

7 8 



1.1 

1.05 

1 

0.95 

0.9 

0.85 

0.8 

0.75 

0.7 
0 1 

___ ... ___ _ 
' 

I 

--------' 

2 3 4 

--------' 

5 

ID 
Entries 
Mecn 
RMS 

6 

SL2 CORRELATED AJACENT HITS 

83 

, I 

7 

36 
9 

4.593 
2.058 

8 



0.96 
... ID 42 

- -- - - i"'i' 1 Entries 9 
- i'lf 

Me~n 4.519 
- RMS 2.070 

0.92 -
-

--------~---------------------------------- ' ' 
"' ' 
... .--------· 

' 
0.88 ' >- ·- --------· - ---- -- .. t ., .. --

' --- ' --
' --------· - ' I 

' "' I 

' ... I 
I 

0.84 >- • 
' • - ' I - --------4 ' - I 

' I - ' I - ' I 
0.8 

... I 
I 

... ' I 

' ~ 

... 
C.76 ~ 

---
-

0.72 -
-
1 . . I . . . . I . . ' 

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

0 1 2 3 4 5 6 7 8 

SL3 COMP. AJACENT HITS SL 1 50 SL2 75 

84 



1 Te. v 'fr .A.1 's 

ID 1 
3600 

8' 1 Entries 20103 
3200 '6 

Mecn 1.792 

2800 RMS 6.660 

2"-00 

2000 

1600 

1200 I 

~ 
--

800 

400 

0 
I , I , I 1 r~:..-: 

-20 -16 -12 -8 -4 0 4 8 12 16 20 
c. 11.1 

RESIDUALS (THREE SLS) 

ID 1 
3600 

Entries 20103 
3200 4 'l 4 Mecn 1.792 
2800 RMS 6.660 

2400 

2000 

1600 

1200 

800 

400 

0 
-20 -16 -12 -8 -4 4 8 12 16 20 

<!M 
RESIDUALS (THREE SLS) 

85 



ID 60 
Entries 43055 

0.28 
Mecn 2.490 
RMS 1.435 --- .q 'i' 1 ----!.-----' 

~~t 
0.24 

0.2 

0.16 

-----i-----

0.12 -----+--------+--
-----;.-----

0.08 

0.04 

6 
0 ' ' 

2 3 4 5 1 

PERCENT MUON LOST VS TUBES CUT 

86 



1400 

1200 

1000 

800 

600 

400 

JO Gc.v 

. -- ----~ 

-~ : $ .. ,--(, ~.,ioc('' 
< ") 

87 

ID 
Entries 

1000000 
6017 

Mean 6.811 
RMS 0.6004 

x.2 
Constcnt 
Meer. 
Sicmo 

20.46 
1092. 
6.908 

0.3934 



, .. ··~ JO, Al (i e- '" • i 

ID 1000000 r 

2250 Entries 8000 I 
Mean 94.96 I 

' 
RMS 7.254. I 

2000 t 11.16 ' ' 
Constant 2077. 

! 

Mean 95.64 

1750 Sioma 2.811 

1500 
(= 0 ( .) <> = 3 i'. 1 '· 

1250 

1000 

750 

500 

' 
250 

o o~..J......!.-'-2~'0~·..:.....i._,_J.......Jo~·~·'--'-~'--..i===.c:::!....J-L:.--1..-.J.....!..'~!:::::::..i....J._,_1-.1......w._,_.L......J......i..J 
40 60 80 100 120 140 

PTF U&V 

88 



-~oo 
~------------------~~----~1 

I 

0;ipT1t-t1sr1c, J SJ..,.,SJ.. Al.1611J.:i> fcP-1"T! 
I 
I 120 --'--------------------

ID 7 

100 

80 

60 

40 

20 

200 .300 89 400 

Ent;ies 

500 

r. • 11 

1000 
486.3 
43.90 
1.505 
99.95 
488.9 
38.17 

600 
'fT r_~., 

I 



Presentation by: 

H. Yamamoto 

91 



.., . 

"" . 

r 

: ~ ... .... ., t 
• 
~--:::. ' ·~ 0 

·~· 

p;.<::.-_-

1 
~ ""' I.+? I) 

~ 
').. ~ 
). , 
'f ~ 

':t: JJtr,) 

l ... 
-·.-. . s .... 

I.I 
II 

• 

,--

en ,, !.• . 
1; JI · l 

·-···· ~-· ::.-;l.-.,. 9!,_ .· . , .. 
. - . . . 

. _ .. -... 

d 
~ 

• -s 
0 
I 

i , 
-r 
:: 

fl -J 

... 
't . :;· ... .,_ 
1-
-e 
l 

.,. 
' ! 
~ 

0 

fl • 
fl -"' 

,.. .. 

~ 

' " ' i .. 
..t-
~ .. 

--~-> !• 

. ·- ·::-.· 

~- 5·;.._ .• ~. 

. 

• ,, • - !. ~ •. 
J I 
" ... -.r; ~ \!. .. 
~ .... 
• ,, 

~ • 
l ! 

,. 
.,,. • . . 
'·!. .r --

,, 
... 
' ~ 
" .... .v 

"' er: ,., "' 
" •' 
·~ -. 

lo .,.. 

~ 
"' \: 

3 
~ 

b .... · :·· 

•I .... .:~: __ _ 

..; . 

'E;•. - ., 
~-·-



OU~ 

: IS 

;.Jci 
:ed 
:.:ig 
. cf 
the 

l.Ild 

.:26· . 
the 
tee! 
.t a 
de:. 

its 
des 
~be 

de: 
for 
tlie 
.um 

·-.sed 
~on 

ted 
o! 

nes 
OW' 

.bl• 

th! 
-22 
:itb 
We 
ne! 

th! 

2-21 

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 

• 
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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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'··<'":t, 

FAST1 detector geometry 
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EC ·-·-.-
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0 400 800 1200 1600 
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Transverse Energy in EC 
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