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GEM Calorimeter Meeting
SSCL

January 22 and 24, 1992

Abstract:

Transparencies and agenda of the GEM Calorimeter Meeting on Preradiator
and Forward Systems held at the SSCL on January 22 and 24, 1992



Agenda for GEM Calorimeter meetings

v A T A —— . T — ke T e S e . T . v

Jan. 22 and Jan, 24, 1982 at SSCL

Wednesday January 22 (Discussions on Preradiator and Forward Systems)

Directorate Room #2

9:00 am Introduction Yuri Kamyshkov 5t
9:05 Integrated LAr accordion preradiator Misha Leltchouk 30t
9:35 Parallel plate LAr preradiator Paul Mockett 30!
10:05 Silicon strip preradiator Jim Brau 30"
20:35 Break
10:50 Preradiators with BaF2 Renyuan Zhu 30!
11:20 Discussion
11:45 New ideas in sci.fiber calorimetry Richard Wigmans 15¢
12:00 Lunch

Forward calorimeter system :

1:30 pm Overview and present status John Rutherfoord 30
2:00 Physics of forward calorimetry Frank Paige 45!
2:45 Report from recent Magnet Bob Webb 30°

meeting and implications
for forward calorimetry

3:15 Break

3:30 Gas calorimetry tests at FNAL George Fanourakis 45

4:15 LAr FCal integrated into end John Rutherfoord 30°
cap calorimeter

4:45 Review of liquid scintillater Bob Webb 30"

option for FCal
5:15 Discussions
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Figure 2-1 H®— yy signal and irreducible background for the two EM resclutions and four Higgs boson masses
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Cells Occupied

Electromagnetic cells occupied
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_ Figure 2: Occupancy in a LAr EM calorimeter cell for £ = 10%° cm -2

s~

=



0.24

0.2

0.16

012

0.08

0.04

*

COMMON /PAWC/ in memory

L

)_
5

}_I_—l_l f

1

20

X~STACK-3

0.6

0.5

g.4

0.3

0.2

0.1

18/01/92 20.56

COMMON /PAWC/ in memory [
i T
[
I~ i
i
l_
L
i
N
u
r_
i
i 1 1 4L L . |
40 60
Y—-STACK~-1+2

§0O GeV/



0.175

0.15

0.125

0.1

0.075

0.05

COMMON /PAWC / in memory

X-STACK=3

[

-

-

-

}.

: |

|

- |

B

[

|

I

i

L 1 L 1 l
20 40

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

18/01,/92

COMMON /PAWC/ in memory

Illllrgflfl]ﬁf—rT—rT—!’*Il]ITII]IIﬁIFIfIIIT“T

lll'ij"lﬁ_n

Y—STACK—-1+2

22.56

SO GeV



0.2

0.175

0.15

0.125

0.1

0.075

0.05

0.025

COMMON /PAWC/ in memory

|-
'_
I
-
X
L
R
:
|,-
i 1 I 1 A 1 1 ]
20 40

X—STACK-3

0.6

0.5

0.4

0.3

0.2

0.1

18/01/92 22.56

COMMON /PAWC/ in memory imn

r—

r

A R SR S N SR

40 &0

Y—STACK-1+2

-

S Gel



0.12

041

0.08

0.06

0.04

0.02

COMMON /PAWC/ in memory

X—STACK -3

B

i

i

B

-

[ i

N

I

5 N

|

|

I..

i YR S SO B |
20 40

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

18/01/92 2257

ITIIIIIT_TTI—FT—ITY_TI_I"’_I—I—]_I—!_III‘J]ITI—TTITI_TIIFI

COMMON /PAWC/ in memory O

71




F-C-g__gé "ce.;u/és
A — e S T

w tth stwc/os omd vef? sbwpé s‘.mu&#

g { mwm {_ﬂ sﬂ‘mlb

Pertawe fefc S

) width at Q%uc{/ "ce/a.?fc"lre hesholol
2) /w‘t amp/ tudle *

mo"te Han {Osz‘fu/os /"wm peak
o wn <K {10

2 width o/ 2 "hc;lnesz‘ enengy " 92416/03

l-?

3%0’«/ P = ﬁﬂ,

E a/epevwle wee

/m.o 97.[0/}(5$3L€'C$
= a/e}ww(mce 100 + 200 e
wa}v\eﬁc J&e-(o{ ore
5o Gev magnel‘cc %:9/0( A8T
= {997

&y =100/, 952, 9S%, 0%

90° Pn= 93% e = 91 9%

4s° R 99 7%

93%, 957%

/M. Sewxom -COO(E wiflﬂ SCW\M&ILCOV\ [ CAGU‘L e

collection to vealistic @ singpos
Pmc*m: :

) asy et

2 2ud nomenFun
SOGev €4 = Q4 % R = 94 7%

A1 S vawm

- C"t.si' "tQ.Su/‘DC



0.1

0.08

0.06

0.04

0
0 0.025

—

=

-

- ::-i'.i'.
- o Pt
s G N
= . » Blye = .
— I

-

C-

"~

o .
”||1|||||131111|1:1|

~4 -3 -2 -1

ALHSY*ALHOX

0

IIITT1ITT¥IITITI[IIIl

ﬁ??l‘ﬁ‘];nllllllllllil

0.05 0.075

FAY+FAX

0.1

60

50

40

30

— ~o
@ o

[
- TTor

i]llllllllllll_!—rlllllllllllli

f
o

ALFAY*ALFAX

[IT#ITITI‘!IYTI!I‘IIIIIIFI




0.1

0.08

0.N6

(.04

0.02

0

Lllllllllllj_llill.ll

-2

-1

ALHSY+ALHSX

0

T

LA
h

T T 7

(-]
. ee
O »
-

'Q"":' R )
??[tul [ 1“"I= ll ;:.1.

1'P.| 11

0

0.025

0.05

FAY+FAX

0.075

o1

60

50

4{)

lllll]lll[ll]{{llll'llll]—l_lli

|
oo

-6 —4 -2

ALFAY*ALFAX

S ST A R TR R U R

OT}‘Ii\\‘[]lirlflﬁlrﬁIliilll

20 40 60

WRYxWRX

Egslkdt;g



WEY+W5SX

WAY+W4X

| =
|
o ]
w @O
-
: : 1
1o 1o
19 « ijﬁ
]
- = -
*
- >.. -
1 = “
o = 1O
1 JN
] 4
lJ_lJ_ILJ_lJ_ll_IlJi‘III{llll_Llll'l: o J_L[ILLI_LLLJ_IJIJ_ILLI_LIIJ!JJ!'JL )
<o < o &) O O O o )
T} < M o™ — [Fg] =I
o o]
w (WO
]
‘{C %O
~ s
- >
N ,
- = J
i »*
- 1
g ;
o io
o N
) -
1
) . . BN |
. 11]illIIlJ_lj_Lllll_!IilLil‘llj_P_c J_ll_llillli'_I_l_l_li'lj_:L!llllllllc_
il e = & = o [ [an] [ (e f & ] (@] &
i w ig] = i Cw — [t [f] = ] o —




60

50

40

30

20

10

:i!IIT[TFI_F

O‘-_l_l[?rllif];lllI]lli

W2Y+W2X

;llllill|n|'fllf

.TI]TET

[Tllill

- ®

]

W4Y*W4aX

60

40

30

20

10

60

o0

40

30

20

10

XA

_'.‘_-E_-I‘."!Iifll'llll'II!TII'I'I

:il'l S S T T S T i

0 20 40 60
W3YxW3X

r -

-

[E s i

TR U R S T N A o]

0 20 40 60

WoY«W5X




XGEHIW*ASEH Y JSORLARNE

8- (AR ol Q OL-

T T I T T LI T ri- LN R A B B B Jﬂqu.lJ..IJ.l)—lJll
. y ST

. ~H ClL- R

RS ~ 04~ h

.o ..n - AA
G .L

-
lLlJli




12

IIITF[]II}III'WII??!"I]IE

L

- ot
Y :‘. EN
. s
‘_1',- e
-l-nL- .,
t & ° .
.~ :
. '
U I ]

|
o

ALCY*ALCX

-10

-12

~14

I
TS %
et i, T,
N L L
° '-:".!:o.:f:
- -.'.'E’id'ﬂ.
. al
. - .
|3
PSR NS W SY YU NN VN S W N

~12

ALH36Y*ALH36X

at S‘d«=99%
Re = §6%



20
17.5

15 .

12.5
10
7.5

2.5

20
17.5
15
12.5
10
7.5
5
2.5
0

i

-

-

[~

[

ny ‘
ll;LIlllllLlll_l_tJJ;l

0 5 10 15 20

W2Y*W2X

i

[

N

L .

|..

__l_lLI.JllllLlLl_lllLlL

0 5 10 15 20

W4YsWaX

20
17.5
15
12.5
10
7.5

2.5

20
17.5
15
12.5
10
7.5

2.5

i

L

[

C

o

-

':

}_ L]

_JllllLlLLlllLlili!J

0 5 10 15 20
WIY2WIX

I

o

3

B

g .

N IS I T S AT AT

0 5 10 15 20
WEY*WSX

75 Gev 90°



20 — 20 T | IS Gev 90°
N - o
17.5 | 175 |
15 | 15 |
125 | 125 F
10 F 10 F
75 | 75 [
e 5 [
25 | 25 F oiv..
O_l.ll.l;‘l-lllllllllllllgl; O_Illlllllllllllli!ll
0 5 10 15 20 0 5 10 15 20
W2Y+W2X W3YW3X
20 [ 20 r
17.5 |- 17.5 |
15 p 15
125 F 125 |
10 | 10 F
75 F 75 B
5 b 5 F i
25 F 770 25 |
O_lllllllllllllllllll ()hlllllllllilllllllli
0 5 10 15 20 0 5 10 15 20
W4Y+W4X W5Y*W5X




d 7S Gev 90°

1
0

|

U

?—IllllIllillllllllliilllT_‘l

L

ALCY#*ALCX

-10

-12

-14

ALR36Y+ALH36X




12

I]IT['IIIIlll]lllllﬁ]li‘l_rI'

0
0

ALCY+ALCX

-10

-12

-14

|

) -

1 I I i 1

1

-12

-8

ALH36Y*ALH36X

v
R

(]

7S Gey

90"



~ —C
-2 T ;> Gey 45
12 E~ | C
N -4 |
° E. i S lo!
: 6 |- e
4 |- o
N T - '*.:""':;- '
0 [_ I? .:I‘ --8 — ot ’
R vy .
N 't':'d‘t”
-4 F -10 |
I N
-8 L
- -12 |
-12 -
C o Lo b0 v by —14 R N S DR S SO W N W R
-10 0 10 -12 -8 -4
ALCY*ALCX ALH36Y+ALH36X

~2
12 L
i b b
8 -
- s L
4 |-
= -' -z‘
g i - ¥
- -8 o
0 : T :
_s [ i
® B -12 r—
10 E -
2't1L114lLL14JL 14 PR N R RN WA W SR SO SR N

~10 a 10 12 -8 4



8 | - :
o I e m
4 B . 6 r ol
- - s
0 [~ i".".i'. -8 ‘l
- L T -
'4 E" .:#-' _}0 |
8 -12 |
12 -
Cooa b L - 14 | "R R L
=10 0 10 -12 -8 -4
ALCY=*ALCX ALH36Y=ALH36X
. .
12 F i
[ -4
8 R
4 or
0 | -8 -
-4 | "'rf -10 |
8 —12 F
-1 [ N
2 T TR VR S S b 14 | T SO R R ||
10 0 10 -12 -8 -4
ALCY*ALCX ALH3BY*ALH36X
0.5 — - —

]

(V4 QRS T

2333 4 cwa 09X,

N Y AA

Al Al LA~



Q'$2‘N_CP$
4) qz‘ 9;&9!0"" sv_v\em?.u.;, due ‘o c-l«w'r-?.e cot%ci?,ou\

Max shif¥ ‘
/'tom f'/fca.c.k g= d st cos &

Q=45
A = Qv

f«h € =4¢5°
£ = 7w

° when Smecrtiwn {ncreases

the distance Lebween d”s inereases Go.

2) ISD&*-GG{ 7° on d’ : E{' s /79‘5:(4 Yo connect
severcad { nomn ao{"ucewl‘ ) sﬁ'u‘ps Fo owne preeamp.

Exocmp’e-' 3% O stuips perx Lower O.04xd.04
) 33 channess )41 9 towers 7;:;::5
3) —_— N — _ 16 40,000

{chanut(

T he 2-nol section of EM caé'timd{gt
Poivd's to the shower Cen{‘EJr,

'Hdem owne W\a, use o in,")’tmwﬁbh
KMW s ‘P channeds .



|) novse (qy\d pt‘(e MP) , Cruoss #C(/k

?) siwméd‘com o/ chaﬂge co/&cl‘c‘ov\

3) varciawt wibh 9‘-9#‘1\'?5 O+{+2+3 stucks
((—sl‘ﬂctps b sYuek.
awd OﬂMS

") EM energy aeso&&om
) L K~



e/eﬂ- 55?”&-*"»;14
Voo Po.hd\.\'a-ﬁ

Grtgesviev'{‘
“Pre ved wboe ¢ 34 %

) “[f ro |




° IDENTIFIER SCHEMATIC

(Parallel plate geometry)
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Cut : 2012

S EEESCCCNE S EEEEESSCCCCCSrCEEESE=ESSSE=ESTSoE

bins,

not c¢m!

----- B it it S il St il St ST
25.01 11 99.2| 14.01 85.21 o0.81 0.8 0.8]1 0.0} o0.01t 0.0{ 0.0l
25.01 71 88.01 3.2 8&.8{ 88.0) 87.01 75.61 0.0l 0.01 13.0¢f 1.01
50.0( 1! 99.21 8.41 %0.8] 0.81 0.8] 0.8! 0.0l 0.01 0.0/ 0.0l
50.01 71 81.61 3.0§ 15.4| 81.6| 80.8] 75.0t 0.0{ 0.01 7.01 0.8
75.01 1| 98.8| 13.41 85.4] 1.21 1.2] 1.21 0.0f ©.01 0.0 0.0]
75.01 71 79.01 2.61 1B.41 79.0] 76.4] 63.41 0.01 0.0] 16.61 2.6l

100.0 1f 98.8| 11.6| 87.21 1.2 1.01 o0.8] 0.41 0.21 0.0] 0.01

100.01 7] 83.61 2.2l 14.2| 83.61 69.8| 29.6] S4.61 9.21 21.01 2.8]|

125.01 1] 98.81 14.21 B84.6] 1.2! 1.2 1.01 0.2] 0.61 ©0.01 0.0l

125,04 11 99.61 12.6§ 87.01 0.4f 0.4} 0.4] 0.01 o0.0f 0.0f 0.04

125.01 71 76.71 2.21 21.1| 76.7] 56.0) 24.2] 39.9] 13.5i 24.21 7.21

150.0( 1) 9%9.2( 10.6| 88.6f 0.8 0.8] 0.6l 0.21 0.001 0.01 0.0]

150.0( 71 61.81 2.4 35.8] 61.81 44.4| 18.61 28.2]1 6.01 23.4] 11.2|

=t + -+t + 2+ + + + 3+t -t +1 i+ 11

Multiplexing factor [NMPX]= 6

Number of events processed (0=all) [NEND])= 0

Energy required for peak [ECUT]= .01S

Max. frac. of biggest peak for dip [DIPMAX]= 0.5

Energy to start dip cut at [EDIP}= 75.

Number of bins wide considered pi0 {NCUTWID]= 3

Energy thresh. where ncutwid->NWCLOWER [WCTHRESH]= 75.

Higher energy width cut [NWCLOWER] = 2

Min. frac. of biggest peak for width [EWIDCUT]= 0.5

Min. frac. of biggest peak for second [PEAKCUT]= 0.25

Mean offset for pi0 (in mm} [CUTMEAN]= 2.83

Power of energy for mean offset scaling (CUTPOWR]= ~0.369

Tot. energy above which CUTMEAN->HEMEAN [CUTOFF] =

Mean difference cut above CUTOFF ~ [HEMEAN]=

dist. at which mean is to be extrapolated [DMEAN] =
(mean offset cut = CUTMEAN * E~CUTPOWR)

TS e s R S EEE SRS TR RS SN

75.
0.5
0.



Pion acceptance, percent

Cut 2012 in /usr/users/jke/qgem/pi0/geant/bp/v3/1mmzalizviong
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Cut : 2103

bins, not cm!

E,GeVi Jaccepl %0 | %1 | %2 |%meanlonly [%dip {only |%wid lonly |
----- om0 e o e e e e e o g
25.01 11 86.61 14.21 82.41 3.41 3.41 3.41 0.0} 0.0l 0.01 0.0]
25.01 71 90.61 3.21 6.2 %0.61 $0.0| 85.21 0.0l 0.0l 5.81 0.6|
50.01 1f 99.01 12.81 86.21 1.01 .01 1.0l 0.0 0.0 0.0} 0.0]
50.01 71 B4.21 2.41 13.4] 84.2) 84.2| 81.61 0.01 0.0y 2.6l 0.0]
75.01 11 98.61 13.01 85.61 1.4 0.8] 0.81 0.81 0.6 0.01 0.0
75.01 71 83.21 2.81 14.0| 83.2] 69.2| 26.41 55.61 8.2]1 28.01 1.44
100.01 11 98.21 12.2) 86.0] 1.81 1.01 0.8f 0.6l 0.4]1 0.4] 0.4}
100.01 71 80.41 2.8 16.8] 80.4] 60.0] 26.2) 52.41 13.6] 25.8] 4.0]
150.01 1) 99.6| 10.8| 88.8] 0.41 0.2] 0.0l 0.4% 0©.21 0.0! 0.0]
150.01 71 63.51 1.5| 35.01 63.5] 37.01 13.61 26.51 7.71 32.1} 18.8]

Multiplexing factor [NMPX]= 6

Number of events processed (0=zall) [NEND}= ©

Energy required for peak [ECUT])= .015

Max. frac. of biggest peak for dip (DIPMAX]= 0.5

Energy to start dip cut at [EDIP]= 50.

Number of bins wide considered pil [NCUTWID]= 4

Energy thresh. where ncutwid->NWCLOWER {WCTHRESH}= 75.

Higher energy width cut {NWCLOWER]= 2

Min. frac. of biggest peak for width [EWIDCUT)= 0.5

Min. frac. of biggest peak for second [PERKCUT]= (.25

Mean offset for pi0 (in mm) [CUTMEAN]= 8.0

Power of energy for mean offset scaling [CUTPOWR]= -0.50

Tot. energy above which CUTMEAN->HEMEAN {CUTOFF]= 25.

Mean difference cut above CUTOFF [HEMEAN] = 0.6

dist. at which mean is to be extrapolated [DMEAN}= ©.

{(mean offset cut = CUTMEAN * E~CUTPOWR)

EE PP PP PP A a2 b PP e Pt 2t 3]



Cut 2103 in /usr/users/jke/gem/pi0/geant/bp/v3/1mmzlast3zviong
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Cut : 2104

bins, not cm!

E,GeV| laccepl| %0 | %1 | %2 |[%meanionly |%dip lonly |$wid lonly |
----- e e e o e e e e e e e e e e
25.0) 11 99.2| 18.21 81.01 0.8y o0.2( 0.01 0.0l 0.0t 0.81 0.6]
25.01 7% 71.0¢t 7.81 21.21 71.01 69.2) 60.2] 0.01 o0.0% 12.21 1.8|
50.0| 1| 58.81 16.41 82.41 1.21 1.0) 1.01 0.01 o0.0f 0.21 0.21
S0.00 71 61.41 3.8t 34.8] &1.41 60.6] 55.21 0.0l 0.0| 6.61 0.81
75.01 11 94.41 1l6.61 77.81 5.6l 0.61 0€.21 1.21 0.8] 4.41 4.21
75.01 71 70.6] 3.8] 25.6]| 70.6] 50.8] 19.01 33.6f 7.0| 38.21 8.6]
100.01 11 93.8¢ 13.01 80.8] 6.21 3.41 2.2| 1.61 0.6] 2.41 2.2t
100.01 71 75.81 2.61 21.6] 75.8] 55.61 23.6] 31.2] 5.0 40.41 13.2}
150.01 11 97.64 11.6] 86.0]1 2.4} 1.41 0.6{ 1.01 0.2] 1.21 o0.8]
150.01 71 60.1} 2.01 37.9| 60.11 35.21 15.21 18.61 4.6| 36.4] 19.8I
=== C S S ESEEEEC S CEFCCECESEEEEREEERESE

Multiplexing factor [NMPX1= 6

Number of events processed (0=all) [NENDl= ¢

Energy required for peak [ECUT)= .01S

Max. frac. of biggest peak for dip [DIPMAX])= 0.4

Energy to start dip cut at (EDIP]= S0.

Number of bins wide considered pi0 [NCUTWID] = 4

Energy thresh. where ncutwid->NWCLOWER  [WCTHRESH]= 75.

Higher energy width cut {NWCLOWER}= 2

Min. frac. of biggest peak for width {EWIDCUT])= 0.5

Min. frac. of biggest peak for second [PEAKCUT])= 0.33

Mean offset for pi0 (in mm) [CUTMEAN]= 8.25

Power of energy for mean offset scaling [CUTPOWR]= -0.50

Tot. energy above which CUTMEAN->HEMEAN {CUTOFF]= 100.

Mean difference cut above CUTOFF [(HEMEAN]= 0.6

dist. at which mean is to be extrapolated [DMEAN]= 0.

(mean offset cut = CUTMEAN * E~CUTPOWR)
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Photon occeptance, percent

Pion acceptance, percent

Cut 2104 in /usr/users/jke/gem/pi0/geant/bp/v3/1mmzlastizviong

[fe]
w

97

96

95

94

76
74
72
70

68

66
64
62
60

;_ L 1 L i I 1 1 1 [ l 1 1 ] 1 I [] } [l 1 I L 1 [} i I [ [l i i | l i 1 1
20 40 60 80 100 120 140

: Energy, GeV
T L 1 L L ' [ [ [ 1 l L L Il [} ' 1 [l 1 [} I 3 [] i L ’ 1 1 1 ] I 1 1 1
20 40 60 80 100 120 140

Energy, GeV




SILICON STRIP PRERADIATLE.

FeR
-J. Brow
JAN 22, 1992
Sse¢
SIMVLATION
 PROTOTYPE

CEM ELECTRONICS

) (MOST THOUSHT, S0 FAR, BASED oA
LD Arson CAL—°NME.7EL>



. Sc:muja"'fo“ o'F a Sf'-’cov\ '

?(‘e (‘aclia"'or ‘p‘o{' GEmMm

K. Furuw\o’ X 7‘“‘3* S. ,S(Q,Oll D

I Mo+ivatiown
ﬂ 7,'0 I.th 'l‘l.'ﬂl‘ca'/'l.OV\
& Ene f‘j y Re 50 ,u,'/‘fd A |

vl

/' E‘F-Fec;f" of MQ}V\&‘H: -ﬁ'e,[(_(

.- SHrovn



M¢tivatiown

Discovery of a H"jjs with

8oL m), <160 Gev
is diffieatt!

H<bb leoks Iike backSrOuv‘d.

H> %Y is possible

cwt |
Onoyy Oy Oy Oxx
Fe 720 : So-z00f  awmb. 235nb  275p

lcos¥@y140.9, 1y, 143.0

1A\a.8 glraokev a5-1005p  dt0pb FOpb 35!
fSO'tf'.'_I'On‘ M;x?W

Shewes Shaps 25- (0ofb laceb 50pb 3 ¥ pt

25 - 100l @0pb RUph I¢pl

kq
'5“'7 Qﬂcerﬁ;v\

Prevad ratoe



Figere 3.2-1 H = vy mass distributions and
background-subtracted mass distributions for
varions Higgs masses. Left: BaF; calorimeter.
Right: LAr calorimeter
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0 rejectidn probability (curve)

Number of ¥ from Higgs(100GeV) (hist arbitrary u)
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ORNL  Pr eamp

Preamp Type Cascode
Deteclor Size 1x1 r& a3
G, Zzr 100 243
ENC, 4152 S001 7868
P, (mW) 182 195 19
t,(ne) 35 3.3 3.4
Ea Cap. ? NO NO

S¢ detechor elemast




Detector fpoard Pre‘fa 1‘),9 ’ "j

Timebhase _ oot Status: Acquired Frame BB@40___.
Mode Auto Scale [WEEERE
Range RPeference [HIRSINEE
Delay Sampling @& 200 MHz
Graph 18.8 mVsdiv  48.80 mV 288 nssdiv -1.888 us
1: . . 4 . ) ;
¥ Selected ._ i 8
Cursor X oo SRR S . e B ]
47.7 mV ;' :
-1.800 us o -
Cursor O :
4?'? mv ....................
-1.008 us
cUrsor o-x r..........‘_........... ........................
.00 v
0.88 s

X Source [ cin X | Cin defector

CF1x4 preamp
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Cross—Section (fb)
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H°® — ++ Signal/Background

e Signal: 0.05-0.2 pb for My €(80,160)GeV:
= |ny < 2.5
— Ep > 20 GeV;
~ | cosf’ |< 0.9 = reduce gg — v7,

~ | nyy I< 3 = reduce qq — 7.
o Direct Photon Background:
— 276 pb (gg— vv: 198 and qgq — vy 78);

~ After selection and isolation (5 GeV, 0.75):
32 pb for My, € (75, 165) GeV.

e QCD Background:
~ 2jets: 2 mb;
— x-jet: 237nb (gg — vq: 226 and qq — vg: 11);
— After isolation: 23 and 20 pb (50/73),

— After shower shape analysis (5 mrad): 21 and
16 pb (28/29);

— After preradiator (2 mrad): 19 and 16 pb (21/16);
— Irreduciable (single v): 14 and 10 pb (14/10).
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Events/SSCY/0.4GeV
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2 Gamma Background (20k)
Entries 21749 a,r
2000 99 Mean 36.49 | @ -‘féyé
1000 RMS 17.80
0”.1; s e o IS PN IO B L
20 40 60 80 100 120 140 160
pt of parton etg less 2.9
2000 qg Entries 19815 %j'
Mean 37.30 | @34xbd
1000 £ RMS 18.78 N R
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20 40 ©60 80 100 120 140 160
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2 Gamma Background (20k)
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2 Gammas Background (100k)

3 Entries 200000
Mean 92.55

E— RMS 75.09
Eul.i,..ll.,.11“..41“11H,.;.lﬁ..l‘r
0 40 80 120 160 200 240 280 320

p of parton

3 Entries 30396

- Mean 95.72

e RMS 62.90
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p of parton eta less 2.5 all cuts
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- Mean 72.24

[ RMS 40.32
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2 Gammas Background (100k)

£ Entries 200000

E Mean 32.93

E RMS 17.83
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2 Gammas Background (100k)

Entries 100000
Mean 72.40

- RMS 28.88
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2jets Background (100k)

7500 E Entries 200000
- Mean 93.47
>000 £ RMS 75.87
2500 F
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0 40 80 120 160 200 240 280 320
p of parton
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2jets Background (100k)

20000 F Entries 200000
- Mean 31.27
10000 [ RMS 15.98
0: 1 | N bt | TS U G S
20 40 60 80 100 120 140 160
pt of parton
1500 Entries 24346
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2jets Background (100k)

3 Entries 100000

' Mean 88.50

a RMS 36.17

60 80 100 120 140 160 180

Invariant mass of parton pair

3 Entries 12173

- Mean 106.3

3 RMS 25.45

L N P B 1_.M

60 80 100 120 140 160 180
Mass of parton pair eta less 2.5 all cuts

E Entries 4709

C Mean 103.9

] RMS 24.88

lLLill.JJJ.“.M

60 80 100 120 140 160

180

Mass of parton pair eta less 1.5 alil cuts




Gamma-—jet Background (100k)

: Entries 200000
3 Mean 98.27
E_ RMS 77.37
3
AT I IS ETEE B A SN O AT O A T I S A AT A A 1 ] T
0 40 80 120 160 200 240 280 320
p of parton
F:__ Entries 29082
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1 Mean - 74.47
1 RMS 41.15
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Gamma-—jet Background (100k)

3 Entries 200000
l__ Mean 33.73
5 RMS 18.49
E— L L L T h punt o A0 oLy
0 20 40 60 80 100 120 140 160
pt of parton
- Entries 29082
3 Mean 51.12
: RMS 23.51
3
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0 20 40 60 80 100 120 140 160
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3 Entries 13900
3 Mean 92.91
RMS 23.84
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Gamma—jet Background (100k)

Entries 100000
3000 : Mean 73.10
2000 F RMS 29.55
1000 £
0 IR T S S (S SR ST S SN (N TR S S S N SRS oo -
60 80 100 120 140 160 180
Invariant mass of parton pair
750 | Entries 14541
500 b Mean 105.0
s RMS 25.58
250 £
0:l._I,I.Ll.r...lr...Lil...ll..,___
60 80 100 120 140 160 180
Mass of parton pair eta less 2.5 all cuts
400 Entries 6950
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200 © RMS 25.27
0 :l 'R I Y I U NSRS TR N VN SN S T N TN SHOTTY S S S r———
60 80 100 120 140 160 180
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Isolation Cut

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

Search through all cells (An x A¢$=0.04 x O. 04)
to identify all cells hit by photons only, find E"""

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

Define the sum of ESt!!’s of these 9 cells (3" g.e11,ESH)
as the EBM™,;

Isolation Veto: if the sum of the transverse en-
ergies in a cone of radius R (R=An2 + A¢?),

excluding the E‘,}h"“’", is larger than 10% of the
E’,}h"t"" plus an isolation energy cut (E$¥!).

Y Er - ERMY™ > (B 4 0.1ER™™)= Reject;
‘TSE

Option: use only cells with transverse energy larger
than 3 standard devuatlons of combined thermal
and pile-up noise:

150 MeV for BaF, + Spaghettl and 250 MeV for
L.Ar.




Isolation Rejection Factor (10~%)

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

E%‘” R=0.45 | R=0.60 | R=0.75
5 GeV 5.3 4.1 3.1
10 GeV 8.8 6.8 6.2
15 GeV 13 10 8.6
20 GeV 16 14 13

e y-jet: 237nb (yq: 226 and vg: 11),
95% quark jets and 5% gluon jets.

EgY! R=0.45 | R=0.60 | R=0.75
5GeV .| 16 13 9.6
10 GeVv 30 26 22
15 GeV 40 34 32
20 GeV 54 47 43

e Result:

JQ-3[ l’!.! IEE II__4[ | . .




2jets Background (20 GeV, 100k)

20 ¢
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2jets Background (20 GeV, 100k)
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2jets Background (10 GeV, 100k)

o
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2jets Background (10 GeV, 100k)
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2jets Background (5 GeV, 100k)

5 Entries 26
N _7._1 Mean 2.885
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Gamma—jet Background (20 GeV, 100k)

75 _ ¥ L Entries 156
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Gamma—jet Background (20 GeV, 100k)
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Gamma—jet Background (20GeV, 100k)
10 i Entries 148
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Gamma—jet Background (10 GeV, 100k)
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Gamma—jet Background (10 GeV, 100k)
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Gamma-—jet Background (10 GeV, 100k)
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Gamma—jet Background (5 GeV, 100k)
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Gamma—jet Background (5 GeV, 100k)

Entries 17
Mean 0.6382E-02
RMS 0.5016E-02
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Gamma-—jet Background (5 GeV, 100k)
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g Rejecti
. LB liai

e Calculate Background x-section by analyzing iso-
lated photon candidates passing isolation cuts.

e Calculate § for each isolated photon candidate:

- Z:i E; x 6;
0 =
> E;
where
B .7 E;
cosf; = tE n, n _____&Tz’
i 1>°; Eil

and E"l is the energy vector of the ith photon in
the isolated photon candidate.

e A detailed GEANT study by H. Yamamoto shows
that isolated photon candidates with § > 5 mrad

can be effectively rejected by using shower shape
analysis.

e Assuming isolated photon candidates with 8, > 2

mrad may be rejected by using an effective prera-
diator.



Table 2: QCD Background Cross-Sections (pb)

After Isolation

Process 2jets ~v-jet

Eg+ R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60 | R=0.75

5 GeV 140 81 46 55 45 33

10 GeV | 370 220 180 100 90 76

15 GeV | 780 510 360 140 120 110

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

Process 2jets ~-jet

Eq R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60 | R=0.75

5 GeV 73 34 20 31 26 21

10 GeV{ 160 120 89 54 50 - 42

15 GeV | 250 210 140 68 59 57

20 GeV | 310 260 230 83 73 66

After Preradiator

Process 2jets 7-jet

Eg R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60 | R=0.75

5 GeV 20 16 13 19 17 17

10 GeV 25 20 13 24 24 19

15 GeV 34 29 20 24 24 24

20 GeV 34 34 29 26 26 26
Irreducible QCD Background

Process 2jets ~v-jet

Eqt R=0.45 | R=0.60 | R=0.75 | R=0.45 | R=0.60 | R=0.75

5 GeV 10 10 7.3 17 14 14

10 GeV 13 10 73 19 14 - 14

15 GeV 16 16 13 21 17 17

20 GeV 16 16 16 21 19

17




e BaF, followed by a fast scintillation calorimeter:
B! > 150 MeV, R = 0.6, Ef** = 2.5 GeV.

Process ~v | y-jet | 2jets | Total | B Factor
Isolation 32| 23 | 20 75 2.3
Shower Shape | 32 21 16 69 2.2
Preradiator 32 19 16 67 2.1
Irreducible 32 14 10 56 1.8

e Liquid Argon calorimeter:
cell > 250 MeV, R = 0.6, ES¥t = 3.6 GeV. -

Process vy | v-jet | 2jets | Total | B Factor
Isolation 32 50 73 155 4.8
Shower Shape | 32 | 28 29 89 2.8
Preradiator 32| 21 16 69 2.2
Irreducible | 32| 14 10 56 1.8
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Vodon  wiTh g shoge mlliples

Higgs(80GeV) Event

Transverse EM Energy

i Entries 500

Meon 23.08

RMS 11.89
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N of chrged pt larger 0.2 GeV eto less 1.5
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QCD Event
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Entries 1000
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with Deviated Light Uniformity

Number of BaF, crystals: 11 x 11
BaF, Crystal length: 50 cm

Front (rear) face of BaF, :
"3cmx3cm (5cm x5 cm)

Carbon fibér wall thickness between any two crys-
tal faces: 0.025 cm

Particle is hitting over the front face of central
BaF, crystal.

One centimeter Aluminium placed just before the
crystals and two 0.5 cm Aluminium placed betweeéen
track origin and midway point to crystals (i.e., to-
tal 2 cm Al, whose Xg = 9 cm)

No magnetic field.

Light yield response (Y) is parametrized with de-
viation (8):

Y =Yog[1l 4+ 6(Z/25 —1)]
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1. The center of the 5x5 crystals is the one which has the largest energy deposit.

2. If the 2nd or 3rd cells (cells which have the 2nd and 3rd largest energy deposits)
is not in 3x3 cells around the center, this candidate is rejected.

3. Fit the projection of the e;; to each axis by Gaussian to find the center and o.
These 4 values are used as the initial values for the following fit.

4. Fit the 5x5 energy deposits using the following oval shape, with 6 parameters.
f( ) A * ezp(_z"mm 3‘:'::0,0)

X? = cos(6)? * (z — 20)? + sin(8)? * (y — y0)?
Y? = sin(8)? * (z — 20)? + cos(8)? » (y — y0)?

where

A : overall normalization

Omin aNd Opma. : standard deviations of the oval shape ( opmin < Omas )
§ : angle between the original xy axis and the pnnmpal axis of the oval.
x0, y0 : center of the oval

5. Reject if oppin < 0.0165 to keep 95% of the real single v Reject if 0, < 0.0160 to
keep 90% of the real single 4 These 2 values are determined by 40 and 80 GeV s
simulated by GEANT. The efficiency for the lower energy « is slightly lower. For
example, the efficiencies for the 20 GeV « are a few % less in both cases. See Fig.
2 for more details, which is explained below.
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QCD Events
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Higg S(SOCPV\ to 2 Photons
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Events/SSC—year/0.5GeV
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DD — HittX — yvyivX

Production Cross-Section and Events/SSCY
PYTHIA 5.5 (wa=140 GeV)

Mg (GeV) | o zx () | Np(0.3) | Ngyn(0.45) | Ngoo(0.6)
80 18 17 16 14
90 17 25 22 16
100 16 19 16 16
120 14.5 20 16 14
140 8.5 15 12 10
150 5.2 15 7 5

e Ingl < 2.5, P4 > 20 GeV, R = 0.3.

* |my| < 2.5, P1> 20 GeV, R = 0.3, 0.45, 0.6

e isolation cut = reject tt

e Pr of di-photon > 50 GeV = reject tt

N Er - ERMY™ < 5GeV + 0.1ERMP"

r<R.

e Shower Shape Analysis: § < 5 mrad

e Preradiator: 6, < 2 mrad




pp — HtIX — vyyfvX (Cont.)

2.6 M tt Background
Reut 0.3 | 0.45]| 0.6
Isolation 45 26 11
Ry /q—jer (1073) 35 | 2.6 | 1.7
75 GeV< M4y <165 GeV | 11 7 4
pr(2v) > 50 GeV 5 3 1
Shower Shape 2 1 0
Ry (107°) 0.8 | 0.4 | <0.4
X-Section (fb) 12.8| 6.4 | <6.4
Events/SSCY 128 64 <64
Preradiator 2 1 0
Ry, (107°) 0.8 | 0.4 | <0.4
X-Section (fb) 12.8 | 6.4 | <6.4
Events/SSCY 128 | 64 <64




A _penib
ble se _

[:xL
20 r. 4.

pooiTion
J&?éjor > g r.rd

Ff e
o P'U-’J ju-n. 28 Hom iwn X d
-u r ., ot N b‘ M '

*
T mre
cad fo o GeV &

L ~] ;f ﬂ5 3
" f v 4 7=



Energy Fraction (%)

FWHM/2.35 (%)

t 5 5 x5
T T T T I T T T 1 I ' I ! L ]
- & 10 Gev -
g7 - © 20 Geve —
: 0 50 Gev — :
L # 100 Gev = -
- % 200 Gev e -
896 — =
——t 4 } $ i $ { + } i $ $ } —
0.6 |- & 10 Gev _
T © 20 Gev = .
. 0 50 Gev — »
- # 100 Gev= i
0.4 L % 200 Gev = -
0 2 K 1 1 1 ' 1 L 1 i I 1 1 ] ] ]
—10 0 10 20

Thickness of Dead Material (0.01X,)



£l
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Table 1: Acceptance for single gamma and multi-gamma“particles

(%)

Energy (GeV) ¥ x° 7 K?°
20 90/93 | 33 / 67
40 92 / 93 | 36 / 50
80 02 /9953 /74|22/26|12/ 16
120 98 / 94 | 64 / 86
160 95 /96 |70 /90 30 /44| 16 / 43

H. Voonrales
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Calorimetry

< b.)c'smqnt . SSC 7/22 /92

SPacAL ( CERN) aclive since /92y

20 ton olelector consirucéeel ( I999J
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» Non- Projective o
N ¥ rfrbers ¢p:) s f P‘ e.s/

£9. res:
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68 S._... [ ] - '-2./0
Pions ;: S/r ., 80.8//VF + 1.0/
/b 1is 2 o.02

(e_/ll : /.02~ 1.07 dependu'a: on EJ
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oium/LAr and uraninm/plastic-scintillator calorimeters. The thickness of the
active layers is 2.5 mm. Resuits from EGS4 Monte Cario calcuiations™ .
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Missing-Er Signatures at SSC
Frank E. Paige

Any new heavy particle must decay into
quanta of the standard model,
e Leptons (e, u, 7) |
e Photons
o Jets (g, u, ..., 1) |
e Neutrinos
or into new stable particles.
SSC physics may involve any combination
of these.
New stable particles are typically neutral

and weakly interacting.

Need Fr to detect them and v’s.



FE7 needed to reconstruct neutrinos from

many standard model sources:
w* - Ty

70 — vi
T o v X

¢, b, t = vX

Useful as signatures for new physics.

Lightest SUSY particle 32(1) is typical
example of new weakly interacting particle.

Absolutely stable in MSSM.

Coupling is O(e), so cross section is

a2

mN‘
q



Physics Signatures

Fr is at least useful for many possible
physics channels:

Standard Higgs: Heavy Higgs is not very
likely, but 1t is important benchmark. Clean-
est mode is

H— 702 = ¢to—ote—,
Ver'y small rate. Can double it using

H— 27220 = ¢rg—rr7™
Can be fully reconstructed using Er plus Z°
mass constraint.

Needs background study!

¢t¢={1¢ rate increased by factor of six
with
H— 7220 = it wp.



Large background from 79 + jets. Can
eliminate with hard cuts, but remaining

signal small.

WW Interactions: If no new physics, then
strong WW interactions for Myyw ~ 1TeV.
Interesting in any case.

Can use F7 to reconstruct
W=2% — (Fvete

with quadratic ambiguity.

Like-sign channel

WEW=E = ety



has no gg-induced continuum, although there
are other standard-model backgrounds. Can-
not reconstruct even with Fr, but knowing
F1 helps to estimate the WW mass.
Similarly for WTW ™ channel if it can be

separated from tt background.

Jet Tagging: Forward calorimetry useful
for detecting the forward jets from WW
fusion. Reduces the QCD backgrounds, albeit

not by large factors.

SUSY: LEP data are consistent with SUSY
GUTS for masses in the 100 GeV—-1 TeV
range. Meaningful only because masses are

sensible. But sensitive to details.



World average 87
{U. Amaldi et sl. PR D38 1388)

o (1)
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Fig. 1. (a) First order evolution of the three coupling constants
in the minimal standard model (world average values in 1987
from ref. [1]). The small figure is a blow-up of the crossing area).
{b) As above but using M7z and «,(Mz) from DELPHI data. The
three coupling constants disagree with a single unification point
by more than 7 standard deviations.
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Fig. 2. (a) Second order evolution of the three coupling con-
stants in the minimal SUSY model. Mgy,sy has been fitted by re-
quiring crossing of the couplings in a single point. The two lower
plots show the x2 distribution for the SUSY scale Mgysy (b) and

for the unification scale Mgyur (c) taking into account their
correlation.



SUSY particles are pair produced, decay
into LSP X}, producing Fr plus multiple jets
and leptons.

FT signature for gg is observable if de-
tector covers n S 5.5. More work needed to
reconstruct full decay scheme and separation

of ¢ and g.

Technicolor: Dynamical model for Higgs

bosons. All models predict

oL, - WEZ0 - et
Typical m ~ 1-2TeV, so small rates. Maybe
can assume
PT. W = PT,Z
Technicolor generally gives pseudo-

Goldstone bosons, e.g. a spin-0, color-3



leptoquark Ps:
gg — P3P3 — brbT.

Reconstruct using components of Fr; need

good resolution for moderate Fr.

New Gauge Bosons: Might observe

=+
= Eiu,

W

for m S 6-8TeV. Very large Fr, so hermetic

detector may not be important.



Experimental Requirements

Want ba,ckgi'ound from detector not large
compared to SM v cross section. Issues:
® 7) coverage '
e Resolution in £, pp
e Cracks, non-Gaussian tails
Can examine first two using toy calorimeter.
Need real design and full simulation for

cracks.

To improve statistics, examine total Frp
cross section. Should redo this with cuts

appropriate to specific signals, say gluinos.



Generate 4000 events/bin with ISAJET:

25 GeV < pp < 50 GeV

50 GeV < pr < 100 GeV
100 GeV < pr < 200 GeV
200 GeV < pr < 400 GeV
400 GeV < pr < 800 GeV

Includes c, b, and ¢t quarks, and hence (most

~ of) real Er cross section. No Fr cuts.

Simulate toy calorimeter using CALSIM:
An=A¢=0.1, <6

Find jets with Ep > 10GeV in R < 0.7 with
GETJET.



Sum of minijets reproduces Fr from whole
detector. Hence can use jet resolutions to

model detector effects.



Signal for 300 GeV gluino has fr ~
100 GeV. Want detected JT cross section
in this region comparable to true Fr back-

ground.

Case I: Perfect E resolution. Compare sum
of calorimeter with that of jets with various 7
cuts.

n < 6: Jet sum similar to true Fp
distribution.

n < 5: Substantial extra background for
Fr ~ 50GeV.

n < 4: Detector dominates for Fpr S
o000 GeV.

n < 3: Hopeless.



Gluinos, M = 300 GeV, p = -300 (GeV)
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do/dEr (nb/S0GeV)
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.
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0O 200 400 600 800 1000
Eq niss (GeV)

Figure 34-4 Fp signal after cuts for 300 GeV gluino
and backgrounds.. Solid: gluinos. Dashed: heavy
quarks. Dotted: Z — vy



do /dE; e (Mb/10 GeV)

AE/E = 0.00/VvE + 0.00
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1
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Figure 1: Fr cross section for perfect energy resolution. Solid: full
calorimeter. Dashed, dotted, dot-dashed, solid: jets with n < 6, n < 3,
n<4,and n < 3. '




New calculation using better calorimeter

simulation and analysis and 25 K events/bin

(Vanyashin). .

92/01/21 18.00

Perfect calorimeter -

i D 1001
10 iy Entries 20
3 T e— Mean 11.18
e RMS 5.674

UDFLW 0.

QVFLW Q.
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Missing Et from all neutrinos, Ymax=8



Case II: Add Gaussian energy resolution
AE/E = 0.50/VE & 0.02

Similar results.

Case III: Add Gaussian energy resolution
AE/E = 0.70/vE & 0.05

Similar results.

Case IV: Perfect energy resolution but with
a cut pT, jet > 20 GeV. Some effect at small

.

Case V: Smear jets with n > 3 with a
Gaussian pr resolution of 10% or 20% (c.f.
Arizona group).

Some degredation for 20%.



do /dE; ma, (Mb/10 GeV)

AE/E = 0.50/VE + 0.02

1
Lo
vt
Vot

[

e ]

llIllllllllillthlI]LJLtl Iﬂﬂ e

50 100 150 200 250 3C0 350 400
ET.misl (G eV)

Figure 2: Pr cross section for good energy resolution. Solid: full calorime-
ter. Dashed, dotted, dot-dashed, solid: jets with n < 6, n < 5, 5 < 4, and
n < 3.




d6 /9 (Mb/ 10 GeV)

AE/E = 0.70/vE + 0.05

-
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Figure 3: Pr cross section for mediocre energy resolution. Solid: full
calorimeter. Dashed, dotted, dot-dashed, solid: jets with » < 6, n < 5,
n<4,and n < 3.




do /dE; e (Mb/10 GeV)

ET',.,,;” for n <6

10 llLl;lllllell!llllillll

400

50 100 150 200 250
. ET.miss (Gev)

Figure 4: [t cross section for perfect resolution. Solid: full calorimeter.
Dashed, dotted, dot-dashed. solid: jets withn < 6.7 < 5.n < 4,andnp < 3.




AE/E = 0.00/vE + 0.00, Ery > 20 GeV

(A29 01 /qu) *™"*3p/op

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

]
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400
ET.mist (GeV)

380

300
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Figure 3: The same as Fig. 1 for pr je > 20GeV,



dg /AEs s (Mb/ 10 GeV)

Apy/pr = 0.00, 0.10,0.20 fornp > 3

LT :-r‘t"ir
. it [P ] - A
169 1:1:\14:1111||ll.:_Ll141.|'1 | : i

50 100 150 200 250 300 350 400
ET.miss ( GeV)

Figure 6: Solid: Fr cross section for full calorimeter. Dashed: Fr cross
section with Apr/pr = 0.10 for n > 3. Dotted: Same, for Apr/pr = 0.20.




Within approximations used here, most

important thing is to cover
n < o6

E and pp resolution effects are much smaller.




Implications

Hadron shower has size R ~ ) 7- Hence

estimate effective cutoff is

2L

Calorimeter must be dense and/or far away.

Effective n limit from real simulation?
Should calculate resolution including leakage

VS. 7.

EM core of jet is much smaller.

Use EM core to determine jet direction,
taking energy from hadron shower?

Use EM core at large n as veto? Signal

efficiency?
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RIGH PRESSURE GAS CALORIMETRY
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® MOTIVATION

@ PARALLEL PLATE HIGH PRESSURE
EM CALORIMETER =TEST AT FNA L
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Table 3.3.2 Calorimetry Techniques (cont)

FORWARD CALORIMETRY
High Prexsure Gas | Famer than liquid Argon /% not measured Perfarmance 12
Rad bard Leaks Engineering design
Small Molicre radius Not proven in a large
expeniment
Iaczpansive Untesied technology
Robunt Safety
| Loag term gain stability
Warm Liquid - TMS | Fast Purity maintenance 10 Temof s prowtype | 13
compatibility
Rad hard Calibration unproven
Naot proven in a large Elecuonics
expeniment development
Large dynamic range Compicse engincer-
ing workup
Small Moliere radins - Expensive
ursnivmAungaes
Electronics embedded in
the detecior - rad hard
Compensated Safety-flammability
Radioiysis production of [ R&D on radiolysis
gas and long lived products
isotopes
Ligiad scintilisgor Fast Circulate and filter for Rad hardness 10
capiilaries > 10 Mrad dosage
Hermeric Not proven in 8 large Liquid moniwring
experirnent and recycling
Good resolution
lacxpensive Leaks Engincering of leak-
prood design
Uniform respoase Readout dynamic range Calibration
Compensating
Small Moliere radius in
LUNEHEN version
Sals
Liquid Argoa 11
Small Molicre radius in
umgsten verzion
Raxd bard
Mature technology Dewyr walls, supports exc.- | Detailed design 4
degrade hermeticity
Experience with construcuon | Speed/noise tradeofY-
of large sysiems isolation cuts
Uniform responss Integration time-~ Fast shaping
240ns; pileuap preamps
10° dynamic range Preamps inside dewar- Under st
relishility/maintenance/
hardness
Gain=1 Cryogenic sysiem Detailed design
Simpile calibration Large sampling fraction 1 mm Pb plate w0 be
eh~-15 tested
Puaminnbuildupu
high luminosity _
EM only: 14NED 0.5% “Accordion” mechanics Neexds dezailed design | 5
resolution for plase ““'"";’_'“ propcuve
geometry Large sampling fraction
# Lrad




MmoTivaTion) FoR HPC

‘-——-’

® The other or"‘l‘ows have COM("&‘CJ'.OV\S and /or
klﬁh cos'{’s

- L\crwal Argom | elaborate cryo gm'c_s) sgou.))

dead reaions censtive to iwlr;urf'lfe& (”q)

space ch vee é’i{eds.

~ Wavrw L'Tv(aals . Ouversensilive o !‘Mpur(«h‘es (PP"))
4@“3&*9‘45 y deaa( ""é-gq‘gv\,_g j Q_xpcy‘sl‘ve_)
SU\"J‘CC} to \"G.J.;oﬂj:is .

- Lt'c?w‘J sciubillator ¢ mo unH--, 3«:-‘4, , needs \Q,H-ew'-g
" k\‘SL\ raaua{“t'or) evivironmedds.

~ low pressure jcu: G&Hewtg_‘.] fow :amrﬁ'n :
texas -‘mwe.r-s, 3fou moge pmbﬂeuu,

® It sounds Ltke o azoaa' olea |

-5 F a bowb
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- Um'4-'7 gcu‘u\, Y
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L. YLBaskalov et «f, V1M 153 (1337) 03,

2. TA.Amatuni etal wim 203 (1a82)134,

3. P.M.Khaziw el ol NIM A300 (1qa1)eer.



@ Te.s"‘s with an QMA!M a~ souvrce on -+he ceuwler
of a 2cm Jiameter cathede, an anode 25 wum
awa7 moa A vessel -Fe'ffed with 100 qtu Av .

(M.0. Gokars et ol VIM A231(1a90)552

— The 5('3no.9 foss due 4o 100 ppm Oq (¢ gnall
(~9% )
The coMed‘-'ov\ -Lu‘me of +he eQed‘ron; cawn be
Jrama{-JcaQL' reoduced by adding a Rw 7, CHL.
400 w3 fuaun —> 60 15 foaus (with 1% CH)
Sijnaﬂ alroPs b«‘ 2-5% )
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Charge Collected
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Oxygen Concentration(ppm)

Charge collected as a function of oxygen concentration in 100
alm argon gas. The ordinate scale is normalized to the total charge
liberated by 5.5 MeV alpha particles in pure argon gas.
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Methane Concentration(%)

Drift velocity of electrons as a function of methane concentration
in 100 atm argon gas.



Charge Collected
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Methane Concentration(%)

Charge collecled as a function of methane concentration in 100 atm
argon gas. The ordinate scale is normalized to the total charge
liberated by 5.5 MeV alpha particles in pure argon gas.



Charge Collected

O Argon only
O Argon and 100 ppm oxygen
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Char%e collected as a function of pressure in argon gas and in argon
Plus 00 ppm oxx en mixture. The ordinate scale is normalized to
he total charge liberated by 5.5 MeV alpha particles tpure argon gas.
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PARALLEL PLATE HIGH PRESSURE
EM CALORIMETER TEST
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— " d\'aw\e)“er

— 10" dlameler | Swm deep grooue milled on one plate

- A 4w thick copper ¢ G-10 readout board

SurrorﬁJ witl ceramic Spacers (u +le amoue,

- Hiﬁk pressure aas occur-'e_s a 2vawq 8@,9 on botl.
sidey of +the @-lo board

- A 37 dl°awa+3\" BRQJHM PRJ andl @ 115" muon Paq’,

- 2 kn‘gk Vange/j‘a'ywaf and a qu 'PeeJ'*Lvoa?lqs
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— A relief valve
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~se a MAC T 41 with a GF/IB iaterface +o 2
4able +OP CAMAC c,rq"‘e. and a LeCroy 2280 ADC
— Use LlabView I software '
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— The St’jnap saturates at Lkv (o.s k'//mm)

~ The ancray vesponce s finear with pressuvre

— The 4-_“&‘-3., respovce 1€ Q\‘wear Wl.',’L 6"2?’7

- The e.ne.'reay vesolu'l‘ion q?rees with MC .

- Fovr 100 Atm Ar+5%, clg: %d‘-‘-‘l"‘"/wm

THE CcALORIMETER \S VERY sSTABLE
AND €057 <O OPERATE.
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RADIATION HARDMESS TESTS
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® Results
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Coilected Charge

Collected Charge

(arbitrary units)
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Photon dose at maximum (Gy/year)
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FIG. 5-6 Revised. The maximum dose from incident photons. The solid curve assumes .
he maximum occurs at 200 cm. The other curve is calculated for 20 m, typical of
orward detectors.

FIG.14. Revised Fig. 5-6 from SSC-SR-1033. Maximum dose is for lead (or uranium) plat.
the cplorimeter, and may be somewhat higher in the lower-Z sensitive material.
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2 15008E+08 .70341
‘ aad 3 C14827C+00 740808402 . 10142803
4 LA4107E400 . T10088+02 084281402 .4
-— L 134216400 .67810E402 . 918798402 . 100D "
¢ . I270BE4+00 . S4190E402 . B7170E4+82 . 100144403
- 7 2.00000 .12147E4+90 . G1036E+02 .B2087E+02 .99977{+82 "
e 2.05000 .11SSCE+00 ,5803SE+02 . 70216E+82 .9050471+82
- L d 2.90000 .10994E+00 .55150E+02 .V4848E+02 .904020+02 "
10 2.95000 .10438E+00 .S52483E+402 .T71273E+82 .839800+02
-1 3.00000 .00492E~01 ,49911E+82 .67779E+02 .81734£402 .
12 J.05000 . 9464TE=01 . 4T4EIE+02 .S4438E402 .77740E+02
- 13 3.10080 . 90038E-01 . 43141E+402 . S81301E+92 .73941E+402 .
14 3.15000 .85852E-01 429318482 .58300(+02 .70321E+02
- 15 3.20000 .01478E-81 .40B30E+02 . 85447E+02 .88820E+02 .
18 3.25000 . T77510€-01 .J0833E+02 .82733E+02 .03600E+02
! - 17 3.30000 .73733E-01 .38833E+02 .BO158E+02 .G0497E+02 32
i 18 3.35000 .701400-01 .JS120E+02 . 4T7703E+82 .57339E+082
' - 19 3.40000 . G86722E-01 .33410€+02 . 43IVVE+02 .54728E402 .
{ 20 3.45000 . O3470E-01 . J1TTBE402 . 43154E4+02 .852032E+82
j - 21 3.50000 .80376E-81 .J0228E+02 .41043E+02 .49500E+02 -
i 22 3.55000 .S57433E-01 .20748E+02 . J9040E+02 . 4TO90E+02
: n J.00000 .34034E-01 . 2I7344C402 . 37133E402 . 447906402
- 24 3.05000 .S1971E-01 . 20009E+82 .J35320E+482 .42002E+02 .
23 3.70000 . 49437E-01 . 24738E4+02 . I3395E+02 . 40322L+02
28 3.73000 . 47027E-01 .2I5IME+02 . J19055E+802 . IJ0S54JE+02
-— 27 J.80000 .44734E-01 .22382E+82 .30393L+82 .38682E+02 .
23 3.85000 .42533¢6-81 . 21269E+02 .200118402 .34872E+02
29 J. 00000 .40478L-81 .202508+402 .27500E+82 .J3170(+02
30 3.05000 . 38503L~01 . 102628402 .28138C+02 .31031F402
- 3 4. 00000 .36627E-01 .10322E+02 . 248815402 . 300118+02 -
32 4. 053000 J4841E-01 . 17420E402 .23867E+02 .20347E+402
33 4.10000 .33142E-01 185778402 .22512E+02 ,.27154E+482
: 4. 15000 .31528E-01 .15768BE402 _21413E+82 .2350820E+02
» 4.30000 .20085E-01 .14990E+02 .20309E+02 .24588E+02
-_— 4.325000 .28527E-01 .14287E+02 . 19373E+02 .23370E+02 18
» 4.30000 .27135E-01  135371E+02 . 184206402 .22229E£+02
o 4.35000 .23812E-01 .12009E+02 .17530E+02 .21145E+02
» 4.40000 . 24533E-01 .12279E+02 .16675E+02 .20113E+02
o 4.45000 .23358E-81 .11880E+02 .15862E+02 .19132E+02
L 1] 4.50000 .22217E-01 .11110E+402 .15083E+02 .18199E+02
-— 42 4.55008 .21134E-01 .10568E+02 .14352E+92 .17311€+02 »
43 4.60008 .20103E-01 100535402 . 13632E+02 . 18487E402
44 4.65000 . 19123E-01 .95823E+01 .120B8E+02 .15681E+02
45 4.700080 .18100E-01 .00P00E+01 .12352E+82 .14899F402
48 4.75080 .17303E-01 .SE8S23E+01 . 11750E402 .14173E402
47 4.80000 .16459E-01 .S2I03E+81 . 111TT7E4E2 . 134818402
49 4.85000 .15056E-01 .78289E+01 . 10832E+02 .120140+02
4.90000 .14893E=01 .74470E+401 .10113E+02 +03
4.95000 .14187E~01 .TOB3ISE+01 .9S197E+81

t=~== Tower Bounderies

Leod Verslon

Tungsten Versioen

This calorimeter has o total of 704 Tewers/end with esch

i one being reodout vie o photodevice of the sens type belng doveloped
for the central SPACAL colorimeter. Four of these tewere ere then

. grouped together to form a Super=Tower fer construction end etsenbdly

| purposes (178 super—towers/end). The ete—phi segaenistien shosen

i has been strongly influenced by the fect thetl the sasilest sensibdie
‘ unlt of segnentotion for the forward hadren ceierinster should be
comparabie to the size of @ typlicel shower In this device.
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(front face at 5 meters from IR)

ITEM | CATEGORY Total $K/ | Units Cost | Cont
Units_ Unit
[1.00 Material )
1.10 Lead 41.2 5.58 Mton 230
1.20 SS Tubing{3mm) 1.67X10° | 0.001 | Meters 167
1.30 MgF; coating 1.67X10° |0.001 | Meters 167
1.40 Sheaths 224 1.50 | Each 336
1.50 Light Guides/Mixers | 1792 0.1 Each 179
1.60 Spacers 224 0.2 Each 45 -
1.70 Calib. Loops 30 2.00 Each 60
1.80 | Liquid Scintillator | 1060 0.010 [ Liter 11
2.00 | Electrenics
2.10 PMT’S 1792 0.3 Each 538
2.20 Electromics 1792 0.25 | Channels | 448
(3.00 | Structure ] | [s0 | |
(400 | ThermalControl | | | o0 [ |
5.00 |Liquid Handling |2 ~  [100 |System 200 | |
6.00 | Fab. & Assembly T T I
6.10 Fab. As. & Test 30 0.045 | MH/tower | 1210
6.20 | Tooling , 1500
7.00 Testing 750
710 | Test Beam
7.20 Test Beam
Equipment ]
8.00 | Transport I R A T
9.00 Installation
9.10 Install. Labor 5556 045 | Man Hour | 250
920 | Install. Equip. 500
DIRECT COST 7281
EDIA 25% 1820
Base Cost 9101
Contingency 40% 3640
Subtotal 12741
R&D n% 1402
TOTAL 14143
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Detail "A™

Detall "B"

MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT

Notes: 1. Stays are screwed through plate and fitted with single nuts outside of plate,
or with inside and outside nuts, omitting washers. (Sece detail "A".)

2. The center of the cover plate is bolted down by a method shown in detail “B".

— 20.00 mm
)
||
660.00 mm
-
-t |- 26.00 mm
Y
]
v'[Ew "A_A“

MAXTIN MARIETTA ENIRCY SYSTEMS

_PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPFTION
GAS MANTFOLD DESIGN
GAS MANIFOLD PLATE DESIGN -OPTION 2

PRINT NO: D-FCHPG.GMD002sg] REV 0

DRAWN BY: S. M. CHAE | 1nsm2

CHECKED & AFPROVED BY:
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VIEW "A_A"

MARTIN MARIETTA ENERGY SYSTEMS

PROJECT: SSC GEM DETECTOR
PORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN
GAS MANIFOLD PLATE DESIGN - OPTION 2

PRINT NO: D-FCHPG-GMD®1spl REVO |

DRAWN BY: 8. M. CHAE | 11892

CHECKED & APPROVED BY:




VIEW "A-A"

MARTIN MARIXTTA ENERGT SYSTEMS

PROJECT: SSC GEM DETECTOR
FORWARD CALORIMETER
MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT

HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN

GAS MANIFOLD PLATE DESIGN - OFTION 3

PRINT NO: D-FCHPG-GMD002eh
DRAWN BY: § M.CHAE

CHECKED & APPROVED BY:

REV 0
1




85.00 mun —— g —

TOP VIEW OF THE PRESSURE MANIFOLD

14590 mm —o-
g— 145,00 mm
for 38.1 mm diameter bolts)
30.00mm
VIEW "A-A"

MARTIN MARIZITA ENERGST STSTEMS

PROJECT: S§C GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN

BOLT ARRANGEMENT OPTION 1

PRINT NO: D-FCHPG-GMD001

REV 0

DRAWN BY: 8.M.CHAE

CHECKED & APPROVED BY:




MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT
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MARTIN MARIFTTA ENERGY SYSTEMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN
GASMANIFOLD PLATE DESIGN - OPTION 1
PRINT NO: D-FCHPG-GMDU02 | REV 0
DRAWN BY: 8. M. CHAE 198

CHECKED & APFROVED BY:
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MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT

Notes: 1. Stays are screwed into the plate as shown in detail "A".
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MARTIN MARETTA ENERGY SYSTEMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
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GAS MANIFOLD DESIGN
GAS MANIFOLD PLATE DESIGN - OPTION 2
PRINT NO: D-FCHPG-GMD{03sg REV 0
DRAWN BY: S. M. CHAE vism

CHECKED & APPROVED BY:




CASEi. .."= 600 mm
CASE2."A"= 200 mm
CASE 3. A= 1000 mm
CASE 4. "A"= 1150 mm
CASE 5. "A™= 1350 mm

Determinc the minimum values for the
unknowns "B" to "K" as shown on the
sketch. "J" is the number of ribs and
“K" is the number of bolts required.

@I mm
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@"A" mm
( dismeter of area subjected
10 iRternal pressure of 135 pei)

MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT

F mm

g |— "G"mm

*H" mm

l-t— 6.00 mm

75.00 mm

v'[Ew I'A_AI'

{this is aleo the

* "B* mum outer diameter

of the pressure
roanifold wall)

MARTIN MARIETTA ENERGY SYSTRMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN

GAS MANIFOLD PLATE DESIGN - OFTION 3

PRINT NO: D-FCHPG-GMDOO2rp| REV 0

DRAWN BY: 5. M. CHAE

sl

CHECKED & AFPROVED BY:




1 mm rod
l.x:‘
Ceramic Disc

INNER BARREL SIGNAL ELECTRODES

NOTES: 1. The tube locations are per the correct pattern.
2. All numers shown are approximate values.

Signal Electrode

Tengsten Rod —|

A

OUTER BARREL SIGNAL ELECTRODES '

MARTIN MARIETTA ENZRGY SYSTEMS

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
TUBE ARRANGEMENTS
IN INNER & OUTER BARRELS

PROJECT: SSC GEM DETECTOR

PRINT NO: D-FCHPG-CTD0OO3

REY 0

DRAWN BY: S. M. CHAE

mnmm

CHECKED & AFPROVED BY:




CASELl .v= 600mm
CASE2. "A™= 800 mm
CASE ). "A™= 1000 mm
CASE 4. "A™= 1150 mm
CASE S, "A"= 1350 mm

et

MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT

¥

VIEW "A-A"

MARTIN MARIETTA ENERGY SYSTEMS

PROJECT; SSC GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
GAS MANIFOLD DESIGN

GAS MANIFOLD PLATE DESIGN - OPTION 3

PRINT NO: D-FCHPG-GMD#03rp| REV
DRAWN BY: S. M. CHAR 12132
CHECKED & APPROVED BY:
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6000 mm ASSUMED MUON CHAMBER POSITION

NOTES: 1. Bolts, reinforcing ribs or the signal feed thru's are not shown on the manifold cover plates.
2. All numers shown are approximate values.
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MARTIN MARIETTA ENERCY SYSTEMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
HICH PRESSURE GAS OPTION
BARREL MOUNTING CONCEPT 2

PRINT NO: D-FCHPG-MCW2 | REV® |
DRAWN BY: 5. M.CHAE 11203
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NOTES:

END CAP

ASSUMED MUON CHAMBER POSITION

1. Bolts, reinforcing ribs or the signal feed thru's arc not shown on the manifold cover plates.
2. All numers shown are approximate values.

MARTIN MARIETTA ENERCY CYSTRMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER

HIGH PRESSURE GAS OPTION

BARREL MOUNTING CONCEPTS

PRINT NO: D-FCHPG-MC001 | REV 0
DRAWN BY: 8, M.CHAE Vigny

CHECKED & AFPROVED BY:




NOTES:

1. TUNGSTEN RODS ARE MADE OF 50%
TUNGSTEN HEAVYMET.

2. ALL UNITS ARE IN MM, UNLESS
SPECIFIED OTHERWISE.

3. PARTS SHOWN ARE NOT DRAWN TO
TABLE 1. DIMENSIONS TUNGSTEN RODS

SCALE.
| 4. THERE ARE 2 SETS OF TUNGSTEN
Number of rodd 500 1200 RODS. EACH SET HAS DIFFERENT
TA” 2508 2000 NUMBER OF P?::ESIW;THAS o T
np 3 DIFFERENT D SIONS SHO N
e 13000 TABLE I. DIMENSION TOLERENCE FOR
*A* IS 3+ 0.1lmm AND FOR "B" IS
+ 0.001mm.
tungsicn rods
DIRECTION OF THE REAM
source of radiation
12°

4.5 to 5.5 meters ——

MARTIN MARISTTA ENZRGY STSTRMS

|__PROJECT: SSC GEM DETECTOR
FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION

TUNGSTEN ROD DETAIL
PRINT NO: D-FCHPG-ERINOL | REV 0
DRAWN BY: 8. M. CHAE 12092
CHECKED & APPROVED BY:




A
nEﬂ
uD- .C. 'B' 'A-
—= Y v
o T A B C B
oD |avAn in mm mm in in mm In
1 jooos1]o0099} sss6) } 02188 | 50546 | 01990 | 10160 | 00400 | 07620 | 00300 | 20193 | 0075
2 |ooi0s|00ipo | «3500 | 02500 { 58420 | 02300 | 1.0160 | 00400 | 6720 | 0030 | 24130 | 0.09%0
3 |0.0103| 00120 | 63500 | 02500 | 57404 | 0F 10160 | 00400 | 27430 | 00300 | 23622 | 0.00%0
4 _|00107{00160 | 67310 | 02650 | 59182 | 0.03% | 10D [ 00400 | 6760 | 00300 | 24511 | o
| 5 [00128[00158 | 79975 | 03125 | 7374 | 03810 | 10060 | 60400 | G760 | 05300 | 30607 | 01308
g [00144[00149 | 87313 | 03438 | 79736 | GJII40 | 1080 [ 00400 | 07620 | 00300 | 3478 | GI13%0
7 _[00157[00160 | 95080 | 03750 | 87122 | 0343 | 10KD | GO400 | 07620 | 00300 | 38481 | a1dis
[ g [00203]00280 | 12.7006 | 0.3000 | 112776 | O 10160 | 00400 | 07620 | 80500 | 5.1308 | 62020
9 |0023210.0278 | 142878 | 05625 | 126778 | 03000 | 10160 | 00400 | 0.7630 | 0.0%00 | 5.9309 | 0339
79 100260]0.0280 | 15.8750 | 0.6250 | 144526 | 03830 | TDI6D | 00400 | 57620 | 000 | 67183 | 02645
11 [06285[00318 | 174625 | 06875 | 15.8496 | 0.6240 | 10160 | 0.0400 | 07620 | 00300 | 74168 | 02920

MARTIN MARIETTA ENERGY SYSTEMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
HIGH PRESSURE GAS OPTION
CYLINDER TURE DESIGN

OPTION 2: APPRX. 1 mmOD INNER TUBE

PRINT NO: D-FCHPG-CTDO02

REV1 |

DRAWN BY: 5. M. CHAE

12/30/91

CHECKED & APPROVED BY:




\\ uEn f T
ro.. -
11 N\ |
IICH HDI K HBI HAII
o N~
OFmION oo A B \ D E
e | avan | e in mm In N in men n o] in
1 001571 dewse) 952501 (.375 [8.7122 | 03430 0.2380 | 6.3500 | 0.2500 ; 1.0795 | 0.0425
2 |00x3}e4a00] 12,7000 0.5000}11.2776]| 04440 | 9.5250] 0.3750 | 9.1604 | 0.3610| 08763 | 0.0345
3 |oo2foxre] 14.2875) 0.5625112.8778] 03020 |11.1 04375 108204 Qﬂﬂ 08827 | 0.0348
4 | ocaeo] acoee] 1347501 0.6250]14.4526] 0.5600 |12.30001 6.5000 |12 08763 [ 0.0345
§ |ovoss| eaois] 17.4625| 0.687515.8496] 0.6240 [14.28781 0.5625 | 13.4874 10} 0.7811 | 0.3080
6 | 00311 {0eas0 | 19.0500{ 0.7500 [17.2720] 0.6800 0.6250 | 15.3670 0.6050 | 0.6985 | 0.0275
7 [o03e3] aooso] 19354 | 07620 | 19.0500 | 07500 | 1savs0 | 06250 | 150622 [ om0 | 15075 | ooe2s
| B | 0.0355]| 00480 0.8750)19.7358| 0.7770 | 17.4623] 0.6875 |164592] 0.6480] 1.1367 | 0.0448
9 Jooaifoooo] 290292 | 09380 | 220002 | 03980 ] 19354 | 07620 | 190300 | 07500 | 1.73m | ooeso
0 [0002] 0.0200[ 2499% | o9se0 | 259776 | o94e0 | 193540 | 07620 | 190500 § 07500 | 29114 | 00910
11 [00432{ 00200] 24999 | 09840 | 239776 | 05440 | 22.2250 | 08750 | 214122 | 0430 [ 08763 | 00343

MARTIN MARMIETTA ENERGY SYSTEMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER

HIGH PRESSURE GAS OFTION

CYLINDER TUBE S1ZE DESIGN
OPTION 1t APPROX. 1 mm GAS GAP

PRINT NO: D-FCHPG-CTDO01

REV O

DRAWN BY: S. M. CHAE

12/12M

CHECKED & APFROVED BY:




O35S mmx24
(for 31.70 mm bolts)

alf—— 630.00 mm

MANIFOLD WALL BOLT HOLE ARRANGEMENT

103.00 mm —

6.00 mm _.I ft— 77mm — el — 62.00 mm

15.00 mm

VIEW "A-A"

MARTIN MARIETTA ENIRGTY SYSTEMSE

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER

HIGH PRESSURE GAS OPTION

GAS MANIFOLD DESIGN
MANIFOLD DESIGN OPTION 1

PRINT NO: D-FCHPG-GMDW3 | REV 0

DRAWN BY: S.M.CHAE

CHECKED & APPROVED BY:



