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GEM Calorimetry Méeting
SSCL

October 1, 1991

» Abstract:
Transparencies from the Calorimetry Meeting held at the SSC Lab on
October 1, 1991. :



GEM Calorimetry Meeting AGENDA
October 1, 1991

S58CL Auditorium

3am-9:30 am - technology subgroups meetings
9:30 am General calorimetry meeting begins
Introduction - J. Brau {20 minutes)
Engineering, costs, schedule, etc. - M. Rennich (30 minutes)
Hadron calorimetry for BaFZ - H. Newman (15 minutes)
Liquid Scintillator? (30 minutes)
Fiber? {30 minutes)
Liquid Argon? (30 minutes)
Discussion

Comparison of homogeneous with sampling cal - M. Chen (15 min)

12:30 pm Lunch
2:00 pm Begin afternoon session
Pre-radiator
Monte Carlo studies of performance -~ J. Brau (30 minutes
Pi =zero identification - P. Mockett (20 min)
Update on simulation studies - M. Clemen? + P, Cushmar
Forward Calorimetry
Monte Carlo studies of performance - M. Shupe (30 minutes
Tube Calorimeter Design - D.Makowiecki (20 mir
Simulation Tools -~ N. DiGiacomo (20 minutes)
R&D Budget Request Discussion (60 minutes)

Plans for LoI Preparation



J. Brau
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Ine undersigned are zonvinced Lial tic DT JelLroalle LeUniooLey o
calorimetry R & D for GEM are Liquid Argil samp.ing (Lar), Barius ro. oo

(BaF), and Scintillating Fiber (SF).

we believe this conclusion to be self-evident when one considers the status Gl
the R & D of these three technologies, their promise as well as their
disadvantages, and the resources, persistence and demonstrated dedicaticn o!
their proponents. The combination of these three choices appears optimal ta:
the fullfillment of the GEM physics goals since they have complementary
advantages and risks in both electromagnetic and hadronic calorimetry. We
consider it especially important to pursue electromagnetic calorimetry with all
three technologies. Electromagnetic calorimetry is extraordinarily demanding
relative to hadronic calorimetry. At this moment we have no technical reason to
prefer one over the other. For example LAr and SF have demonstrated the same
electromagnetic resolution in beamtests with parallel geometries; both must be
reconfigured for projective gecmetry. Also precision calibration of BaF and SF

appears equally difficult.

We advocate this prudent approach rather than trying to find one that fits in
the framework of the charge to the calorimeter aroup. In our cpinion the
calorimeter group is right in not making a choice between BaF and sampling
calorimetry for precision electromagnetic calorimetry. The only way the
calorimeter group could reject one of them is if it could be demonstrated now
that one is serjously flawed. Clearly this is not the case at this time:
meither BaF nor the sampling calorimeter techniques have tested projective
electromagnetic modules.

When forced to provide a decision on this issue at this time, one must weight
the physics impact of each technology, such as the possible negative impact of
BaF (e/h) upon jet energy measurements (supersymmetry, gquark substructure, and
unforeseen phencmena) and of sampling calorimetry upon the discovery of a light
Niggs or unanticipated phenomena. Such judgements should be made by the
collaboration as a whole and not by the calorimeter subgroup.

The consensus recosmendation speaks of two calorimeter systems: one with a very
high resolution electromagnetic section and one which offers a “conservative”
approach. We take issue with the qualification "conservative" that has been
attached to the LAr technigue. This technigue relies upon a projective
accordion with a depth-dependent sampling fraction which has not been tested in
a2 beam. In addition, two days after the calorimeter group attached the
"conservative® qualification to the LAr technigue, the suggestion was made by
its proponents to investigate uranium instead of lead absorber plates for the
hadron calorimeter section. We also note that only one very brief
instrumentation paper exists about the fast LAr technique {a section in BAL
Report 52244, 14 (1990) on HELIOS LAr with Uranium absorber plates (sic) that
is not signed by the HELIOS collaboration). We are frustrated by the fact that
so little technical information about the LAr technique is documented, a state
of affairs unbecoming of a "conservative® technique.

The gravity of the decisions in any of the GEM detector subsystems is
extraordinary: design, construction, and commissioning of subsystems such as
the calorimeters will take of the order of ten years and their productive life
must extend over a period of perhaps fifteen years after that. There are no
second chances except during the period of R & D and only if that takes place
prior to commencement of full scale construction. The resources reguired for
proper R & D are negligible relative to the total cost of a subsystem. Early

decisions taken without the benefit of prototype construction and beamtests .
candidate technigues have in the past lead to much larger costs of subsyster
construction and even to significant waste of money and resources.

Boston University: Ed Booth, Robert Carey, Steve Dye, Jim Miller,
B. Lee Rcberts, larry Sulak, Bill Worstell

U. of Calif. San Diego: Nans Paar, Mike Sivertz

Michigan State: Carl Bramberg

University of Iowa: Nural Akchurin, Yasar Onel

Texas ALM: Bob Webb



DISSENTING OPINION

If the GEM Collaboration would decide to go for either one of the two options
mentioned in the "letter of consensus®, it would have to face the problems
arising from an extremely noncompensating e.m. section (estimated e/h ratio
1.6 in the case of the LAr accordion, 2.0 for BaF2).

A typical jet will deposit more than half of its energy in this section, with
large and non-Gaussian event-to-event fluctuations. It is an illusion to
think that the energy of jets can be measured with a precision better than
10% at any energy with such a device and the calorimetric missing E_T
measurement would have a constant term that is even larger.

Therefore, I suggest to drop the hadron calorimeter all the way and replace
it by a dense passive absorber. The hadronic energy measurement, to be
performed exclusively with the e.m. calorimeter in this scenario, will not
be much worse than in the case of a state-of-the art compensating hadron
section backing up one of the two mentioned devices. On the other hand, a
substantial amount of money can be saved in this way.

Richard Wigmans
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September 13, 19%)

70: Sarry Barish and Bill Willis

FROM:  Bob Mair and JAm Brau. . .. - oo ememmom T

SUBJECT: Calorimeter Group Consensus

The GEM Calorimetsr Group met at the SSC Laboratory. smm..g m“_

to revievw the GEM calorimeter options. During this mestisg the group
developed a clur consensus on its recommendation to the GEM. r.ouabomt.ion
for next year's Re¢D plan. This consensus is summarized in the following
skatement: .

The GEM Caleﬂ.-ur Gmp wishes to oontinuc REDon tWwO . ooy -

-Oalorimeter- ‘the next year. Theése.two systems

include one with a very g.gh resolution electromagnetic sect!.on_,_;;_ —«»-—

.. Miich the -group finds- hly destrable, 1 feasible, and Bne . «
which offers a conserva ppmch, but also with a high’. =~

... Tesolution elect.ronngneuc section. S TTTTEY

) With this end in mind we wish to oont.inue ReD an

. Seiatillator I!admn ‘Calorimetsy i

Cmforthebarrelmmtortheendcap

The chndoe of scintillator technology ‘iiﬂ“’ or sﬁﬁiﬂg
is l-t-g reviewed and ‘Will be chosen &

b e 12 S

- ri.nally we are revi.m the Phrlics arg s o
N fm potentials for s m ﬁﬁ 1ttupt e

develop a consensus on a this subsyltﬂﬂ as soon

as l'-dbl.- T

lhh conseasus developed tollovhg a thorough review of each technology -
hﬂﬂmm&dnﬁmmmm uvrlung -ndorany
the guestions and concerns expressed by other .-_"
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Table 1; FY92 R&D Pla;

Calorimeter Engineering Tests: beam and others Cost,

k$

BaF, 9 x 9 crystals; photodevice; | e and 7 resol'n, e/x sep., | 1172
electronics; carbon fiber rad. damage; UV monitor )

LXe/Kr/Ar precision beams; mirrors; | e resol’n using in situ « cali- | 895

Scint. & | drift diode and wire; FADC | brations; rad. hard, B-field, | - -

Ioniz. or Linear Gate, off-axis photon vertex; /=

& e/ sep.; e/~ ratio
Scin. Fiber second generation towers 9 first generation tower (con- { 923 .
. stant term, uniformity pile
up, and B-field) _

Liquid Scint. | Complete prototype plane. | One-plane beam tests, study | 1105
Design and build full-size | uniformity, reproducibility,
prototype module rad. damage, source calib.

Silicon electronics; Si procurement; { rad. damage 1-1675—
protoype

Silicon Prera- | electronics; mechanical; | rad. damage; e/« sep.; v/%° | 470

diator cooling sep. EM cal energy correc- |

tion

Pre- vad

C=CONSENSUS
?-crampase

LAr EM: 1 mm Pb accordion | beam tests, resolution; uni- | 388 ¢
prototype; HAD: studies of | formity; radiation; repro- | (%148
EST and parallel plates; | ducibility if op&r- .
studies of feedthroughs, pu- ating)
rity, simulations; studies of
combining scintillation light
with sampling (Sandi)
a
Si-drift detec- | read-out electronics rad. damage 290
tors
| LA LS
Frwerd 120
Sun Fib ~ -

- F=FoewARy

Psrecesviann

Ss<o.

627

+Seo
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***********************************************************************

Parameters of the Proposed Calorimeter Systems

for Simulation Study

B e 2 R R 22222222222 23222223 2322 2 22222 R et hn bt

According to consensus of the
calorimeter group meeting on September 4th and 6th at the SSCL, only
parameters of two options are presented:

1) BaF_2 combined with a scintillation hadron calorimeter
(L.S. or Spaghetti); and

2) Liquid Argon with Xe/Kr option.

The configuration in the table represents what was costed.

The geometrical coverage is assumed as |eta| < 1.45 (26 degree)

for the barrel calorimeter, and 1.45 < |eta| < 2.5 or 3 for the endcaps.
The forward calorimeter is assumed to cover 3 < |eta] < 5. Since there
is no detailed design of forward calorimeter available, one may assume
a similar performance as the Liquid Argon hadron calorimeter.

The position resolution (delta X) of EMCs is defined for a 20 GeV
electron/gamma.

The energy resolution is defined as
(a/\sqrt{E} \oplus b))%
where \oplus represents add in quaduture.

The resolution of hadron calorimeter is defined for jet energy.
Thermal noise/cell (sigma_T/cell) is estimated according to proposed
readout schemes. For BaF 2, for example, the triode with gain of 4 was
assumed. If a multistage mesh structure PMT is used, the thermal noise
of BaF_2 may be futher reduced. The thermal noise in r=0.6 cone,
sima_T (r=0.6), is the sum of all channels in r=0.6 cone, assuming no
correlation. The pile-up noise (sigma P) is estimated for

10 {33}/sec/cm 2 luminosity, assuming the readout schemes proposed.



1. Electromagnetic Calorimeter Parameters:

Option BaF_2 L. Ar Kr Barrel/Xe Endcap
eta_max 2.5 3.0 1.45 / 3.0
segmentation 0.04 x 0.04 0.04 x 0.04 0.04 x 0.04
Longitudinal Sample 1 3 2 /3
peaking time (ns) < 16 40 40 / < 16
delta X (mm) 1 1 1 /1

a 2 7.5 7. / 2

b 0.5 0.5 0.5 / 0.5
sigma_T/cell (MeV) 10 15 15 / 10
sigma_T (r=0.6, Gev) 0.3 0.5 0.5 / 0.3
sigma_P (r=0.6, GeV) 0.85 1.2 1.2 / 0.85

No No Yes

pi_0/gamma rejection




2. Hadron Calorimeter Parameters:

— — — —

Option L. Ar L.S Spaghetti

cta_max 3 3 s
segmentation 0.08 x 0.08 0.08 ;—8.08 ”___STSE_;_STog ______
E;ngitudlnal Sample 4 ) 6 ) ) 1 )
pea;;ng time (ns) - 100 < 16 <1
a 63 ) 50 N 50 o

b 1.6 2 2

sigma_T (r=0.6, GeV) 3.0(**x) N <1 - <1 N o
sigma_P (r=0.6, GeV) 3.0 1 1

Note:

(***) One may use only 6 i.l, to obtain

veto energy measurement,




M. Rennich
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P72 m——nr S [
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t—— 1 500 mm—
- 2300 mm———e-
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Spaghetti Hadron Calorimeter
. Lead Shot Filled/ 0.10 Segmentation .
(:.03.SC.00038 Rennich

Barium Fluoride EM Calorimeter




Structural/Support Rings
BaF2 Support

Cableway

Tracker
she
] _ - Yy _ _ Y

rt——————1 500 mm—-

et 2300 mm

e 5550 mm -

Spaghetti Hadron Calorimeter
Eutectic Fill/0.10 or 0.05 Segmentation .
LS.03.5C.00039 Barium Fluoride EM Calorimeter Rennich



GEM Parameters

S hetti Had Calorimeter; 0,08 S tati
Absorber Volume 274.72 MA3
Channels 5168 Each
Yotal Weight 2364.03 Metric Tons
Eutectic Lead 2000.4 Metric Tons
Struciural Components 86.7 Metric Tons
Sheaths 244.96 Metric Tons
Fiber 31.97 Metric Tons
Percent Struct and Gaps in Absorber 6.50%

Total Absorption Lenght 10.00 Lambda
Active Absorption Lenght 8.53 Lambda
Passive Absorption Lenght 1.47 Lambda
Mechanical Towers 5168 Each
Ring Assemblies 58 Each
Lenght of _*LS Fiber 6,477,000 Meters

Nussher of WLS Fibers (3 mm) 3,700,000 Each
Number of Transm. Fibers (1 mm) 3,700,000 Each
Heat Generated by Electronics <5000 Watts

[inner Radius | 1460 mm
Outer Radius 4000 )
Length 11100 men

MARK RENNICH/ 5/19/91 : OAK RIDGE NATIONAL LABORATORY




Outer Structural Ring
Mixer

' Concentrator
125 PMT (2490)
T Base
'1=r'—_ Eutectic Fill
Top Plate
IA'I
M2
Ases " A" =4000 If Tower Is Pure Eutectic
"A"=3890 If Tower Is Pb Filled Eutectic
Immer Structural Ring
yr
=3
1409
EEE I
1
Spaghetti Tower Height

G.03.SC.00063 Rennich
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R1485

R1400

Tower Attachment Hole
(284 required) !

Mnterial: 3041 St St

Spaghetti Hadron Calorimeter
Typical Inner Structural Ring

G.03.5C.00050 Rennich



Lengitwdinal Gussets

Spaghetti Hadron Calorimeter
- Typical Tower Quter Structural Ring

G.01.5C.00051
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f

E 5 [ Analysis of Spagheifi Hadron Calorime

Support Scheme Loadin_g Maximum Stress (psi) Max. Defl.
inch (mm)
gmn
$.08 Beam (2 mum Wall Thk) Dead Weight 15500 9.0895 (2.3)
!Si-nhleu(ﬂl.s‘li.'l\k.) Dead Weight
Bottom of Ring Module Dead Weight 1600 )
Compression
Top Plate (2.5 cm thick) Bistributed 1693 41 (. 15)
0.16 [Simple Beam (Seam Wall Thi ) Dead Weight 15508 6.0095 (2.3)
ol Ao Outer Ring | Inner Ring
0.98 Moement of Inevtia (x/Tyy %N/9%8 10.940.244
Area (in*2) - 42
Eight Point-Fixed-Outer Ring Dead Weight 8000 15000 0.122 (3.1)
Saddle (180 Deg) Outer Support Dead Weight 12000 24000 0.182 (4.6)
Single Point-Bottom-Outer Ring Dead Weight 59008 100000 0.85 (22)
Eight Point -Fixed-Outer Ring Dead Weight 2200 22600 0.165 (4.2)
30 Mit mt"
0.16 [Mement of Inertin (Ixx/Tyy) 9%/'9% 10.94.244
Area (m*2) - 433
Eight Poiat-Fixed-Outer Rin! Dead We'_‘t L 10000 0.102 (2.6)
%

Mark Rennich/Oak Ridge National Laboratory/9-18-91




GEM Detacter
Spaghetti Hadren Calorimstor
Masufacturing Flow Chart

WLS Fiber Manufactured
by Commereial Vendor

Siation 1
Install Fibers in
Spacer Amembline

Ststlon 4
Cast Absarber
Sections

Spacers Manufaciured by
Commercial Vendor

Station 9
Module

Sheaths Manufaciured by
Commercia) vender

Assembly Stand

Readeut Fiber
Manufsetured by
Commercial Vendor

' Motion §
Cost Readont
Assemblies

Readout Heusing
Manufsetured by
Commerclal Vendor

Siruciural Rings
Manufsctured by
Commerical Vendor




Manuiacturing of Hadron Spagheiti Towers

Spaghetil Hadron Calorimeter
Segmentstion: 0.08
STATION ONil
1.00 Assembly Spacer Arreye ,

Task Number Task Deseript. Heours Porsonioad | Unit Tot PHAB | Ouamily Toi.PHAG | Rote (WPHR) 08 {i4)
1.10 Retrieve Spacer pigiee a8 1 [ X ] “ M n [ X
1.20 Rotriove Tep Plate L} 1 .29 . ] 7 N Wy
1.30 Cloan apaser pinies L8 1 .28 L) 104 N S |
1.40 Aseombie Spever plaie plaph [ ¥ ] 1 0.38 C.,) 70y Y .05
1.50 Inspect Stack 2] 1 0.38 () 194 ) e |
1.60 Instal Rack In Fiber inetell. Sighien * 2 0.8 [ ] 2908 N .5
1.70 Gather Fibers o8 1 0.5 “n 10 n ms
1.80 Cut and inapect Fivers 1 1. 1 L] %N N pasee |
1.90 Inatalt Fibers in Rask 3 2 s ¥ w19 n w19
1.10 Expand spacer srrey . 2. L] “n "% N Nnieee |
111 Install spacer bery 98 2 1 Lic. ] 483 1l Niaee |
112 I L} ] 1 .28 " 1234 n
114 Move sssembly s Slerage/9TA § Y 1_ [ 1] 938 2408 N M

Tolals for Statien One [ ] 1313 80408 F Y
STATION TWO
2,00 Assemble Sheathe :

Task Number Taok Desoript, Heurs Personiosd | Unit Tot PHRS |  Quantity Tot. PHRS | Rate {#PHA) B (KB
20 Retriove Sheath [ 1] I 1 4338 498 »n nwse |
202 _Inepact Shoath .28 2 0.8 4938 2400 »n N
203 Cloan Shogih 1] 2 1 4% 43  l Sae |
204 Gather Spaser assembly o8 1 0.5 (] 2688 n 1
2.05 Inspect Speser Agepmibly s 1 0.5 e 2488 n 1, 1 1]

208 Instell Spaver Acgomply in Shagth [X] 2 1 o [ n N |

2907 inspoo) oubapeatnity i1 ] 1 0.5 438 2488 N L il

2.00 Mover subssegmbly ie Dietaga/Ple ¢ [T] 2 1 493 % n $15088 |
Tetsls for Pigtion Twe LT s 18 [ 1T AL

Mark Rennich/ Oak Ridge National Laboratory/ 9-20-91



Manufaciuring of Hadron Spaghettl Towers

STATION THREE
3.00 Assemble Readout Sections : :
Task Number Task Descript, - Hours Persenined | UnH TW PHRS | Cuantity | Vet PHIE | Rat GAWR) | WS (k#)
30 Quther Readeut Frame R, ] 1 T 4% 1 n My
302 _Inepeet Frame 228 ). o3 il 184 31 Ml
2.03 Cloan Proms (01 1 [X] 495 “es 31 $15.90
3.04 Resdout Y ] 1 (} ] 5% b - il $0ge |
3.03 Cut and Inapest Pioere 1 1 1 ) o i $15a.92
3.08 install Pibere In Prame i 4 v 4 7] e 3 Bizds
3.07 Sopury Pipgry ) 1 1 o 40 n $184.02
3.08 Pinioh Piber tormingtion png i L1 3 209¢ 1400 at '
200 | inepect compiviod sppemply Y 1 Y] ) 18 31 %:]
310 Hlore Comploted susombly _jox 1 .8 e | UM EL $8.25 |
Tetale for Station Three ?"'! ' 10.38 19978 $1.880.12
STATION FOUR
4.00 Cast Tower assemblies
Task Number Taok Dossvipt. Hours Porsoniond | Ut TtPHAS | Quanily | Tot.PHES | Reis (BPHA) | WMAS(KS)
4.1¢ Rutriove Shooth bom Slorags ) 1 [X] e F ) F 1) Y
4.20 Inapost sheath ‘0.28 1 .. [ 1224 3 5 |
4.3 Assombie Meld g0y Pramp . | i 0t W72 Ell §3ps.03
4.4 ingtalt Shouth in Meld e 2 [X] 2989 A $7a.51
450 Inotell Noid In Copting oigtieh . L33 : B 1 | NS 3 _$152.02 |
490 Hoat Welging Both 12 L 83 10t M2 N 050 |
AT0 Inotell Metg) In Oryelbie L85 ! LX) ¢ 28 3 $28.51
4.80 Porferm ProCggting inapestions 838 1 8.3 9 A4 3 $48.25
490 Cant Tower Apnemiliop ° ) 1 1 40 0 3t $ika 02
AL Remeve Moly Prom Canting Sislinn .3 -3 L 1 A0 N _ $152.02
411 Supervies Wiy OestDgwn Susle e Y 08 _u TR a $12.41
412 _Open Mviy K 2 2 e Wi 3 _ERD |
AL Cloan Yower Sonambix N -~ 1 0.8 Al | M £l _Sah
4.4 Inopost Tower Aggambly LY ] 1 0.5 0 M 3 $ls.s1
418 Move Tower gppembiy te Siatian$ .8 -2 1 0 | N Ll $152.02
Jotsie for Nigion Foyr 312 12 [ $1.090.19 |

Mark Rennich/ Oak Ridge National Laboralory/ 9-20-81



STATION FIVE

5.00

Cast Readout Assemblies

Manulasturing of Hadron Spaghewti Tewers

Task Number

Task Dencript,

Wa 8 (K$)

5.01

gre.n

5.0%

5.04

5.08

507

811

5.12

5.13

5.14

LA

_~¢-Ebhhhg-ruai

S T

skuunnphuxs

3333134848433}

lzicizizlglzel-t 2R |-ERIE

!!Fi@éié#lﬁ&ﬁiﬁ!%

o

Task Number

Unit Tot PHRS

Tot. PHAD

4.01

$.02

8.03

.07

o oo [0 Jod [oe | [0 |0 i

11HI

!!8!1&22!3

kleglelelelclel-1F|

~d b o
- -l s b fab Fo
o L] ]

Production Yewer Paivigstinn Tatale

B Bl

Fitup Tower Pubsssiien Teisle

$
®la

-
§

B BERREEEE

Production Tower Pabringiien Talgls

:

Mark Rennich/ Oak Ridge National Laborstory 9-90-81



Manuiaciuring of Hadron Spaghettl Towers

STATION SEVEN
7.00 Assembie Cones @ Texse -

Task Number Task Desoript. Hours Porsontoad | Unkt Tet PR |  Guantiy | Voi.TNB | Rate (UPHR) | WaS (KS)
701 Assomble Conleel Piutyrs r 2 10 M _a Y piie |
103 Inspact Conieal Fistwry S 2 2 » _1w F [ 1]

7.03 Locats, Tranepert end ingpest fing .1 2 s y : 2 -

7.04 notaliOuterStrvotrgiMlag | 2 2 L »_ e » ]

1.08 Locute and Trenapent Tewer Subant, —Af 2 ! L] K. ... - ) [T 7 .

7.08 Install Tower Subspsembliisn T | t L} ] S » e

707 inepect Puriel Aopwuly ¢ 2 : » s » giags

7.08 Determine Dimensions ! Pi-iin Tomars | 3 : X 4 n 3 % e

7.09 inotel Pit-up Towary ) 2 s _m 1088 2 el |

7.10 Insioh inner Sirygtyrel ing 3 3 . __m 1302 3 peie |

LA Compiste Assombly of Nt e 1 4 _ am 26 F 11

712 Lobel and Stery Ring 3 'S ’ » ) SIAST
Total for Srgiian Soven %) 8 1504 01080 |
STATION EIOHT

8.00 |Test Subsssemblies @ Tongs

Task Number Taok Dewerigt. Hours | Perconiond | Unit Tot PHRS | Guantity | Tet PHRS | Rate (SPHA) | W& (K8}
801 Move Ming ie Tost Diginn 3 3 ’ . 822 » $10.57
802 inotel Phatetubee e 1 32 s _tess »_ TN
803 “inetel Togs Harmenges 7] 2 2 - 1008 » [T
8.04 Staryp Tost ABnataiug S | 2 16 ) Lo » §20.13
808 Purterm Qaasstionsl Tesle 2 3 w | e S tiie ]
8.8 Pety Ring \p Storaaa'Bial _ 3 3 ’ ) sz » $12.67

[ Totai for Mistien Kishy » 148 [T o017
STATION NINE
9.00 |Assembly Fit-up @ Texes

Task Number Task Desoript. Mous | Personioad | UnhTotPHRS | Ouantty | Ter.Pwms | meweePrt) | was(xs)
301 Move Subsssembiies to Fit-up g0 ) 3 120 ) ) T
902 _inetall Wiring Wernosaee/Bhiside o 3 120 . 000 » T
2.0 Operstionsy Togt “ 2 o » wa_ [ T

Yotal for Statign Niny 3¢ 320 n. ... . N |
Accumuisted Manpewer Copt o0 pepidp |
Personnel Efficleney 139 npe
Estimated Manpower cest _ 3442 $12317.7¢

Mark Rennich/ Oak Ridge National Laboratory/ 8-20-91



Equipment Required For Spaghetti Calorimeier

Equlpmont Quantity Unit Cost Total Cost
STATION ONE
1.01 Fiber Cuiting Machine 2 $7K $14K
1.02 Spacer Allgnment Fixture 2 $8K $15K
1.03 Fiber insertion Mschine 2 $15K $30K
1.04 Spacer Expanalon Fixture 2 $10K $20K
1.05 2T Meaersl 1 $10K $10K
STATOM TWO
2.01 Yonlical aspeses/ehesth ases sid 1 $15K $15K
2.02 Peracansl MNadlerm 2 $2K S4K
2.3 2 T WMonarel 1 $10K $10K
STATMOMN THREE
3.01 Fibor inastalition Werksiatlons 4 $10K $40K
3.02 2 T Monorall 1 $20K $20K
STATOMN FOUN
4.01 Large Casting Systems 2 $250K $300K
4.92 Wedde 31 $7K $217K
4.03 5 7 Meonorali 2 $20K $40K
4.04 Setup Stands L $13K $713K
4.03 Parsonnel Platiorms 2 $10K $20K
STATION FIVE
5.01 Readout Casting Sysiems 1 $100K $100K
5.02 Molds 31 $4K $124K
5.03 2 T Monorall 2 $10K $20K
STATION 31X
6.01 Band Saw 1 $13K $13K
6.02 Milling Machine 2 $250K $500K
6.03 Tower Fixture 4 $10K $40K
6.04 Readout Fixture 4 $10K $40K
6.05 Tower Assembly Stand 2 $15K $30K
6.08 Porsonnel Platform 2 $4K $8K
O o7 5 T lonoull 2 $20K $40K
' STATION SEVEN
7.01 Ring Assambly Stand 2 $125K $250K
7.02 Ring LHting Fixture 1 $100K $100K
7.03 Ring Adapters 23 $10K $230K
STATION EIGHT
-8.01 Vertlcal -Assembly/finsp Stand - 1 $230K - - $250K
8.02 Ring Adapters 21 $10K $230K
STATION MINE
9.01 Subassembly Stand 2 $250K $300K
9.02 Temporary Bracing 1 $30K $50K
GENERAL EQUIPMENT
10.01 Enviromenial Control 1 $500K $500K
10.02 Clothing 1 $30K 50K
10.03 Cleaning Supplies 1 $30K 350K
10.04 Tools 1 100K $100K
10.05 Temporary Uss liems | $200K $200K
10.06 Handiing Carts (10 to 100 T) 3 $15K $75K
Total $4,532K

Mark Rennich/Oak Ridge National Laboratory/ 9-21-91




2 Ton Lift

Top Plate

/ Fiber/Spacer Array

sannaxusONRREAN

Personnel Piatform Empty Sheath

- Vertical Support

Spaghetti Hadron Calorimeter
G.83.5C.00066 Spacer Array Installation Stand

Rennich



- Tower Lifting Fixture

Tower Assembly

Assembly Cone
(Half View)

I
5308 mm Ring Module Structura’ Ring
s Ring Assembly Table
3000 mm T T M \ ’l VQU
HNIIEEEEES g0 Degreebivat 1T
Y P RS
F"’";_ I un ¢is
F RIS IR 32373 PSRRI i} .é
GEM
‘Spaghetti Calorimeter
Single Ring Module
Assembly Stand
G.03.5C.00034 CONCEPTUAL DRAWING

Rennich
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G SC o006k

GEM Detector
Spaghetti Calorimeter
Single Ring Module
Test/Inspection Fixture

CONCEPTUAL DRAWING
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Adjustable Lifting Bal

-
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''''''''

--------

Ring Adapler Araw

'. GEM Detector
~ Spaghetti Calorimeter
Single Ring Module
Lifting Fixture

LS.03.5C.00459 _ CONCEPTUAL DRAWING Rennich



Installation Manpower-Spaghetti Hadron Calorimeter

Personnel No. Durstion | Service Time | Total Hours | Hourly Rate Ceost
Months MH/Month

Millwrights 4 4 170 2720 2235 44,792
Electricion 4 ) 170 6120 29,86 $182,743
CraneOporstor | 1 9 170 1530 26.64 9
TIron Werker ; 7 170 7140 2235 $1

Pipe Fitter 4 3 170 4080 21.50 120
Total 19 215%0 122.70 SS3L 393

Mérk Rennich/Qak Ridge National Laboratory/9/19/91



Preliminary-For Estimating Purposes Only

Connection and Pesition Adjustment Frame

1080+ Mten Counterweight
{Must be adjusted to match
sach ring type)

TN

I

Instalation Rail

GEM Detector
Spaghetti Calorimeter
Ring Installation Transporter

G.93.5C.00M7 CONCEPTUAL DRAWING
Rennich



Note: The Central Membrane Will Require Tomperary Bracing During The Installation

Process
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Spaghettl Calerimeter- 0.08 Segmentation

Fiber Framallioht Guide Cealing
Element rinti : Quantity Units Unit Cost Total
Base Piate [1.0 em Drilleg piste 11.28 ibs $12.00 $135

PMT Frame (14 go Sheeimetel 4.00 Ibs $8.00 $32

Fiber 1_mm Treng Piber 466.19 meters $0.22 $103

Light Mixer |Meided scrylie: 1.00 (1} $25.00 $28

Shell 12 ag Sheetmetsl 12.59 ibs $4.00 $50

Fasteners |1/2 in 8.00 each $1.00 $0

Total $383
All Metallic components are 304L stainless Steel

Fasteners are a nen-magnetic metal
Assumes one readeut fiber/WLS flber

Mark Rennich/Oak Ridge Nationa! Laboratory/9-18-91




Spaghetti Hadron Calorimeter
Cost of Sheaths
|
0.1 Segwentation
[Miaderial Qreantity Umids Cest/Unitt
$1.92 Lbs 55 $506
2852 Lbs 55 $157

asheners 16.00 Each 1 $16

ohal 5678
0.08 Segmeentation
Material Quantity Unidsg CostUnit
Sheetmetal 73.54 Lbs 55 $404
Bracing 28.42 Lbs 58 $140
Fasteners 16.00 Each 1 $16
Total $560
4
0 16 Segmentation
Materisl Quantity Units Cest/Uni¢
Sheetmetal 183.84 Lbs 55 $1,811
Bracing $3.00 Lbs 5.5 292
Fasieners 1600 Each 1.28 $24
Total $1.33

Mark Rennich/Oak Ridge National Laboratory/9-18-91




Liquid Scintillator Hadron Calorimeter { Version 0.08-1 )

Barium Fluoride EM Calorimeter
TOTAL 11.73 A w
3000 _mn
60 M | : Support tube
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Preliminary

LIQUID SCINTILLATOR HADRON CALORIMETER

VOLUME 214.4 METERS CU. M*3
NUMBER OF CHANNELS 26100 Each
TOTAL WEIGHT Metric 2028.7 Mitons
WEIGHT OF LEAD ABSORBER 1812.6 Mions
[WEIGHT OF STRUCTURAL COMPONENTS 173.4 Mtons
WEIGHT OF SENSE LAYER BOXES 427 Mitons
[VOLUME OF LIQUID SCINTILLATOR 27000 Liters
PERCENT ABSORBER/SENSE BY VOLUME 89.70%

PRECENT STRUCTURE BY VOLUME 10.30%

NUMBER OF SUBASSEMBLIES 17 Each
[NUMBER OF TOWERS ___ 256 Each
NUMBER OF HADRON LAYER ASS. $600 Each
NUMBER OF TAIL CATCHER LAYER ASS. 4800 Each
TOTAL NUMBER OF LAYERS 10400=(258 X 40.3) Each
'NUMBER OF FIBERS/SEGMENTS 607,000 Each
NUMBER OF TRAYS 129,000 Each
TOTAL LENGTH OF FIBERS 1,260,800 Meters
HEAT GENERATED BY ELECTRONICS | 3500+ Watts
INNER RADIUS — 1,400 mm
[OUTER RADIUS (SUPPORT TUBE) 3,600 mm
LENGTH 10,000 mm

MARK RENNICH/ 9/19/21 : OAK RIDGE NATIONAL LABORATORY




End Cap assembly (120 A )

190 mm

g

283 layers
40nn/Pb+5Snn/LS
64D 71 + 04 A

44 tayers

Samplings
503 A +022A

<
25
-

V'-—’ o '
AV
INELERK

NG

Cell

1195 mm

40mm Fe 20mm/Ph+Snn/LS
024 A

-

24095 mm

2600 mm
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Liquid Scintillator Hadron Calorimeter
Sampling structure scheme

Clearance
60 mm R 108 mm [ Support tube 60 mm
) | ~— | 036 A
l ' ~— [ 20 mm Fe Cwall)
Last —e _ \ | 012 A
chamber :
—| 19 layers
142 mm i | «— Coorse sampling
40mm/Po+Smm/LS
R 3600 mm ) $IA 0L A
2
40 layers
e———1% , -=+— fine sampling
| 20mm/Plo+3mm/LS
457 A + 020 A
) [ 40mm Fe
T === =1 o024 A
R 1400 nm [ E-M calorimeter
= L 18A

| TOTAL 1173 A
Ap = 175 mn

AF’e = 168 mm
Asa = 1000 mm

\. v




Version 0.08-1

Number of detector cells per module :
type 1 2442

Read out channels

—

—]-—— - F—ﬁﬂ——ap—ﬁ
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5 X 3
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ey oy e

b X 3

u'u L &
I 4 x 3
== 7 X 6
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L 567 mm _ TOTAL 150 681 mm
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Flanec

Holes are mode
16 floers/group by eiching i
Fotosensitive glass plate

Fiber bundles

matched to PMT face
(cut and Finished after
epoxy has set)

Epoxy FAl/seal

Variation of Fiber Seal
for Liquid Scintillator HC module
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Atmospheric Vent

Overflow Stg.

LS.0.RD.0N1S

Atmospheric Weir Box

¥y
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==

F111/D0rain Storage Tank -/ :

~ Orip collection line

Schematic Of Fill/Drain System For
Central Module Of Liquid Scintillating
L* Hadron Calorimeter
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5350 mm .

TR

R

T

D R

T

o
P

750 mm

Total Thickness: 10.6 Lambda ]

G.03.LA.00030

GEM Incompiete
Liquid Argon Calorimeter  Incomplete

] . . Incomplete
Barium Fluoride EM Section Incomplete
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Total Absorption Length: 11.7 Lambda

- .
H

220 mm —F '
= 2400 mm
3
1300 sam
Inner Readout
Rmo-—\ |
1 S
| |
'
i
Ri} -
nip-
Rl
nfi
A1
]
NI
I/
]
___________________ S
|
| A
I M
GEM Detector
Liquid Argon
Hadron Tower
Rennich
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Liquid Scintillator Hadron Caleri 0,08-Cost Analvsi

Catagory Tot Uts $K/UNIT Units Total Cost
1.00{Medules
1.30{Lead 1812 $1.00000 Mions $1,812
1.20{Filsar LME06 | saoas Meters $479
1%&»& 29 $6.61400 Each $1,693
1.40{Frays 12078 $0.00000 _each $259
1.50{k iquid Systems 25 $2.50000 each $640
1.60}Cal. Sources 07008 $8.00815 each $91
1.70!9&@; $100
2.0%5.- Material 27000 $0.91000 Liters $486
3.00{ Readout
3.10{Electromics 26100 $5.25008 Channels $6,528
3.20/PMT's 3984 $1.00000 each $3,984
4,00]|Structure
4.10|Inner Rings 1203 $0.00000 Each . ]
4.20|Support Gussets 24386 $0.00500 Each $12
4.30|Tie Bars - $0.20000 Each $20
4.40{Support Tube 25200 ; WM | Each B4
) |
5.00{ Assembly
5.10{Ass & Test 1157 20.03100 | MIVeower $13,000
S.ZOITnI'-_g 32,048
s.w!w Precessing w23 | 9035008 Miens ()
6.0 Thermmal Comt | | e
7.00| Testing 2,900
i
8.00} Installation
8.10]Install. Manp 14356 $0.02700 M 1 $308
9.00{Shipping $500
DIRECT COST - $00.609
[EDIA 25% ‘ $36,152
BASE COST $50,762
CONTINGENCY 2% $12.69
SUBTOTAL 363,482
R&D 11% $6,980
TOTAL $70,432

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/9-20-91



PRELIMINARY

With Lead Shot
Catagory _ Tot Uts $SK/UNIT Units Costs
1.00{ Miaderial B T i
1.1 : 2712 5% Mion $4,054
| 1.m 137322 | e Mo $1,362
1.30{Sheaths 7] [ Each 2,532
1.40\Light Guidws 5368 .63 Each $1.824
1.50{Spacers 5168 0.078 Each 403
1.60{Top Pate 5368 9.3 Kach $1,602
T0{Calib. Laops 1 2.0 Each _ 200
2.00|Semse Miaterial ﬂ NG | AN Maskows
3.00[Readout I |
3.10{PMT's S8 | W Each
3.20|Electronics 5268 ) Chommels | 32292
4.00|Structure =ﬁ T 1
4.10/Inner Rings Me3L ».00s l Lhs i $119
4.20[Outer ng 15000 W82 Lbs $2,226
5.00]Fab & Ass. = ~ =
5.10{Fab,Ass & Test $12,613
5.20{Tookng $4,557
6.00{Thermal Cont I 3980
700t Testing $2,500
8.001 Instaltation
8.10{Install. Labor 18,75 Y514 Man-Hour $463
8.20]Install, Rails 0000 200015 Lbs $900
8.30|Install. Trucks || 10000 30006 __Lbs $600
8.40{Module Pusher 2 1 $50.000 Each $100
8.50]Temp Bracin 250000 $0.002 Lbs $500
9.00[Shipping $500
Direct cost $45.350
EDIA 25% $12,232
Base Cost $61,062
Contingency 33% $20,151
Subtotal $81,21)
R&D 11% $3,913
Total $90,146

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9-20-91




PRELIMINARY
Scintillating Fiber Hadron Calorimeter 0.08 Segmentation

Catagory Tot Uts S$K/UNIT Units Costs
1.00|Material —
1.10{Lead 20004 | $5.376 Mion $11,154
L. i | WSe Kach $2,894
1. Guides i | Kach $1LO4 |
1.46 5168 | M Tach $434
1.50{ Top Fiake G [ X Tach 31659 |
1. Loogs 140 ) | ™3 280
3. Saterial C30E+ | shiei 7
=
3.10{PMTs 5168
3.20{ Electronics 5168
4.00|Structure
4.10[Inner Rings 14931 $0.008 1ae siy
4.20[Outer Rings 185000 | s0.012 [0 %
5.00{Fab & Ass. _
5.10|Fab,Ass & Test $12.517
5.20{Tooling $4,557
6.00{ Thermal Cont 1
8.00] Instalistion _
8.10{Install. Labor 18.,7% $0.027 Man-Hour $463
8.201Install. Rails 0000 $0.0015 Lbs $900
"3.30|Install. Trucks || 300880 | $0.006 | - Lbe $600
8.40|Module Pusher 2 $50.000 Each $100
8.50|Temp Bracing 250000 $0.0020 Lbs $500
9.00[Shipping $500
Direct cost i $55,395
EDIA »% $13,849
Base Cost $69,244
Contin »% $20,773
Subtotal $90,017
R&D 11% $9,902
Total $99919

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9-20-91
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PRELIMINARY

Catagory Tot Uts | SK/UNIT Units Costs
1.00{Material
1.10{Lead 2000.4 $5.8% Mtom $11,154
1.20¢{Sheaths 18 $1.289 Each 36,150
1. ight Guides 1348 $4.595 Each $1,968
1.40{Spacers 3308 $4.12 Each 47
1.50{Top Mate 3308 $0.641 Each $2,120
1.60{Calib. Loops 120 $2.000 Each $240
2.00{Sense Material 6.80E+06 | $0.001 Meters $6,801
3.00{Readout
3.10/PMT"s 3308 $0.600 Each $1,985
3.20|Electronics 3308 $5.250 Channels $827
4.00|Structure _
4.10[Inner Rings 14931 | sa.0e8 Lbs $119
4.20/Outer Rings 185000 $0.012 Lbs $2,220
5.00{Fab & Ass.
5.10|Fab,Ass & Test $9,092
5.20|Tooliﬂ $4,557
6.00{ Thermal Cont $500
7.00Testing 2.9
8.00|Installation
8.10}Install. Labor 18,796 $0.027 Man-Hewr $463
8.20iInstall, Rails 600000 0.0015 Lhs .
8.30|Install. Trucks || 100000 | $0.006 Lbs 500
8.40{Module Pusher 2 $50.000 Each $H0
8.50]Temp Bracing 250000 $0.002 Lbs b
9.00|Shipping 50
Direct cost $54,21)
EDIA 25% $i3,5953
Base Cost 957,76
Contingency 0% $20,.3%
Subtotal $88,095
R&D 11% $9.4%
Total $97,786

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9-20-91
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I arium Fluoride ﬁ
——"Forward Cale
Tracker -
- oyl l i - 1
— 1560 mm —;
o 2200 MM ———»
- 5000 mm e
- 8600 mm -
GEM
Spaghetti Hadron Calorimeter
Barium Fluoride EM Calorimeter
G.03.FD.00010
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G.03.GN.00012
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GEM Detector
Hadron Calorimeter
Maintenance Access
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_Ar Calorimeter Stack La T

Hadronic
p = 813 gm/ec
X, = 0.88 cm
A = 21.66 om

Cell Length= 1.8 cm
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Examples of LAr Calorimeter CostfPéMance RelaiTonshIgs

LAr Module Costs as a Function of Sampling Fraction

EM Modules Hadronic Modules
150 150 '
y =113 7.1t 4 0.44142 yu181-T.7t+0.100%2
§ 140 S 140
Q ‘ -g
2
: i
$ :
: A
F $
2 a
m—— -
§ o
E 80 - \ P * 0 -
° ~ ETLOI Bagoine ) - \mwmm
3970 vy —rr. 1 Trp—— T M L SN A Ml SRR sk, JM i St S Sm B
0.5 1.01.8”2-53-0““ 246.1012111.1‘2022
EM P Absorber Thickness (mm) Hadronic Pb Abserber Thishness (mm)
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GEM

A PRECISION LEPTON-PHOTON
DETECTOR FOR THE SSC

¢ CALORIMETRY GOALS:
DRIVEN By PHYSICS

— The Highest Resolution Calorimetry
System for Leptons and Photons

— Within Budget and Schedule

— Radiation Hard

- Complerhentai'y to SDC



GEM

PHYSICS GOALS LEAD To
TWO SYSTEM APPROACHES

¢ LOWER RISK SOLUTION EXISTS;
NEEDS HIGHER EM RESOLUTION:

= LIQUID ARGON With Fine
Sampling Accordion EM

¢ HIGHER RISK SYSTEM, With POTENTIAL
LARGE PERFORMANCE GAIN:

= BaF, CRYSTAL EM, With
SCINTILLATOR HCAL

o NOTE: Radiation Hard Production
Not Yet Achieved

— Requires One Year of R&D
— Expert Review Panel



GEM

TWO COMPLEMENTARY
APPROACHES

RESULTING IN THE HIGHEST
FEASIBLE RESOLUTION

e LIQUID ARGON With ACCORDION EM;
Liquid Krypton Option
— Intrinsic Stability
=> Ease of Calibration

— Tested in Large Systems (With Plates)
= Small Systematics

— Radiation Resistant
— Uniform o |
e BaF; CRYSTAL EM, With
SCINTILLATOR HCAL
. I.ntrins.,i.c; ngher EM Resoluﬁon

— Higher HCAL Speed:
=> Lower Noise in Isolation Cone

— Effective Compensation:
= Small Constant Term for Jets
With HCAL e/n =~ 1

— More )\ for a Given Radius



GEM CALORIMETRY

o« COMPLEMENTARY STRENGTHS:

INTRINSIC RESOL’N «> LOWER RISK
and SPEED TECHNOLOGY

« COMPLEMENTARY TASKS for EM:
og/E =(a/VE & b)%

BaF,; + SCINT. HCAL —» LIQUID ARGON
Reduce b < 0.5% Reduce a < 7%
+
<+ Oresicn and Swmurare
QJ‘ Q \PUR)ETECTOR
of GCEM_



BaFo + CALORIMETER SYSTEM:
Scintillating Fiber (SF) or
Liquid Scintillator (LS);
Liquid Argon Study

Choice of One Scintillator HCAL
By Early November

HCAL SUBSYSTEM GOALS:

¢ Complement the BaF;:
Anx A¢=~0.08 x 0.08

= Good Jet Resolution
= Missing E1 Resolution,
(With Forward HCAL)

- = Improved Lepton ID and
Measurement

e Rapid Development: Ready for GEM
System Choice By Design Report

= Beam Test By Summer 1992
¢ Maximize GEM’s Physics Capability



BaF., + HCAL CHOICE:
GENERAL QUESTIONS:

Answers In October

e Conceptual Design Layouts
With Dimensions:

= LS: Module, Layer Structure,

Fiber Readout
= SF: Module Structure, Fiber Readout
= LAr: Segmentation, Cryostat, Readout

= ALL: Mechanical Structures and Supports;
Access/Assembly/Disassembly Scheme

e HCAL Depth ()\); Dead Spaces
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Liquid Scintillator Hadron Calorimeter ( Version 0.08-1 )

Barium Fluoride EM Calorimeter

5000 mey
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/ Structural/Support Rings
f BaF2 Support
Cableway
|
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|
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Liquid Scintillator Hadron Calorimeter
Sampling structure scheme

Clearance
60 mMm —* 108 mm [ Support tube 60 mm

¥ I = 036 A
| [ 20 mm Fe (wall)

p—— _‘_—

Last —e (A— VRN ! 012" A
chamber '

19 layers

142 mm | | w«— Cooarse sampling

~ 40mm/Pl+5mn/LS
434N + 01 A

R 3600 mm

40 layers

> -a——  Fine sampling
20mm/Ph+3mm/LS
457 N + 020 A
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BaF, 4+ HCAL CHOICE:
PHYSICS QUESTIONS

SIMULATION STUDY
COMPLETED By NOVEMBER:

o Energy Resolution, Behind BaF,
for 20, 100, 500, 1000, ... GeV Jets

— Performance For Typical, Mostly-EM,
and Mostly-Hadronic Jets:
= Reconstructed Energy Distribution
= Missing Et Distribution

¢ Can Longitudinal Segmentation in the HCAL
Improve the Muon Resolution ?

¢ Can Longitudinal Segmentation in the HCAL
Improve the BaF; Electron and v Resol’n 7

e NUMBER of A 'Per;}‘ofiqauce



BalF9 + HCAL CHOICE:
ASSOCIATED EFFECTS
and ISSUES

o Systematic Effects:
= Magnetic Field (0.8 Tesla)

= Non-Uniformities in Cells or Towers
= Fiber Attentuation Length, Non-Uniformity

= Mechanical Structure, Walls, and
Typical ‘Dead Regions’

¢ Effective Compensation: Hydrogenous, "
Compensating or Overcompensating HCAL.

¢ Resolution as Function of e/h in EM Section,
With Varying Reconstruction Algorithm.

¢ Transverse Segmentation Required by Physics

¥ CEANT V. HETC \Pt‘o'd%., :
® _Prc pfm n Qr'd, —QCJ“M(Z‘J‘ (ORNL)



Y. Kamyshkov



el/h in BaF;

. e/h in BGO :

a) L3 20 x 20 cm?BGO/HC prototype beam test (1986)
e/h < 2.0 (hadronic leakages)

b)L3 Z°-> 2jets data
e/h > 1.4 (from jet resolution optimization)

c) L3 MC with leakage correcions for single hadrons
eh ~ 16-17

. BaF, GEANT MC simulations (by KShmakov @ ORNL)
a) GEANT gives e/h ~ 1.3 for BaF,

b) e/h adjustment made (1.3->1.7) by
applying weights to e-m and hadronic
components of hadronic shower in Bak;;

Energy dependence of e/h from GEANT
is preserved.

c) No transverse segmentation was simulated.

No jet topological reconstruction was applied.



Birks coefficients for different detectors

Plastic| Liquid
Detector | BGO |BaF, | LAr . .
scintil. | scintil.
kg ? ) ?
9 0.0013 | same as 0.004 0012 | same as
g/cm®/ MeV BGO 0.008 plastic sc.




Electromagnetic fraction in a hadronic shower

HETC, GEANT comparison

100
3 i
5
H\ -
L ¥ Pb - GEANT
80 [
[~ O BaF2- GEANT
: @® Pb-HETC
60 | _
I S 3
! Q
i Q ®
20 [
[ ®
! $
o
0 i ; ! ! o] 1 i ! S S U
i 10 10°

BEAM ENERGY (GeV)



e/h csz'u.st:menf: n GEANT

Responses for e<y) and charged hadrons are stored ofter

GEANT separately as e:- anmd hi- hits

* Noncorrected GEANT response for hadrons En

R = ZeX +Zhf or <Rw> = <Z€:i>+<LThiv
‘ ! Li-th hit in K-th event

~ 055 )

. from nencorvected

h
<_ZEL«'_> ~ 0.35(Pb/LS) |
h

¢ Response  for single electron : R:‘: Zef"
) : —

K X k
o Response for sirgle  hadron R, = 8623; + ’2)2’1,

£ = 0.58 4o mtucen ‘tle fréé-hbé af e-m component of
hodronic Shower in GEANT (see fig.)

Re 13 for BaFe to hwe Yh=F%piy~ 17

N~ (.9 for Pb/LS +to have e/1.. = CRQ)/(R;,) ~ [0



ratio

eln

1.8

1.6

14

1.2

0.8

e/T for BaF2 and Pb/LS

B D BaF2 (corrected)

i O | 0
i BoF2 (GEANT simulated) kB = 0.00131 cm/MeV
- A

N A A

L A
5 v PB/LS (GEANT simulated)

| v

| v
L O O e
I PB/LS (corrected)

r— f L L 1 —1 1 N IS N | ’ 1 ! 1 |

o~
S

10°

BEAM ENERGY (GeV)




Resolution optimization for the combined system BaF, +Pb/LS

8: ~— response of BaF: in i-th event

hi =~ response of Pb/LS HC in i-th event
Reconstructed energy :
E™ =t 8; + ﬁlﬂi — event fyevent if o,p are defined

< E?c> = o £€: +j3<h~'3 = averaying by events

For every moncjet energy two constra ints weve applied
to define of and pat this energy (E®) thus

allowing for o and b 2nergy dependesce

: jet_ .
() KEF>=E"=a<8iy+p<hid ora=t “f_;h

~ this Preserves linearity of averase responge

(2) min Xt = min '{Z; (E*- Eje*)z}

m;n:m:%a-l-:w; of X ve single Porameter V& will dlefrne S
(L‘aﬂ be resolved ana“"'\'c"')’ DRﬂ/’/#“"’ e+c--')
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o(E)E %

Variation B(Pb/LS) near the optimum value

- ¥, 20GeVjet

I~ @

-

- X 100 GeV jet
. ®

L

i 1000 GeV jet
X ®

_I | LJ | l 1t 1 1 I | iAL | N W l K S S t LN W O l 131 ¢t

0 025 05 075 1 125 15 175

B value

2



weighting factor

0.75

0.5

0.25

Weighting coeffitients o, B vs jet energy
Ejet = axBaF2 + §*Pb/LS

Corresponds to the minimum of xz

- x — for BaF2

C ® ® - ,

-
8 — for Pb/LS

:I I t S R A ] ! T B T

10 10° 10

BEAM ENERGY (GeV)




Oo(E)E %

JET RESOLUTION - GEANT3

(after optimisation for asBaF2 + B+Pb/LS)
BaF2<e/n> = 1.7, Pb/LS<e/n> = 1.0

o(E)/E (%)= (1.840.2) + (50+2)/VE

20
50cm BaF2 — 1.8A

fine sampling Pb(2cm) /LS(5mm) — 5\

15

coarse sampling Pb(4cm)/LS(5mm) — 4.5\

10 |_
S L
0 | | L0
20 100 1000

JET ENERGY (GeV)

constant
term



MONOJET RESOLUTION

optimized with BaF2<e/n>=1.7, Pb/L.S<e/n>=1.0

20 GeV jet
100 GeV jet

L .1.!..,11AL....|....|...1

25 50 75 100 125 IS0 175 200
JET ENERGY (GeV)

Events

Ty

NN

D
l||I|H]IPIII|l|ilIlIIIlIIIlIlHTPTITIIIiI

S

60
50
40
30
20
10

500 GeV jet

Events

1 TeV jet

llllillillllll[llil|IIII]H]]]TTT

lllj;Llllll 1 1 |l|J.l|I Ill Illllllei

L

200 400 600 800 1000 1200 1400
JET ENERGY (GeV)



o(E))E %

e/, (BaF) X 1.3 ) ¢, (HC) =10

JET RESOLUTION - GEANT3

(after optimisation for asBaF2 + g*Pb/LS)

25
| o®/E )= (1.620.2) + (5622)/vE
PB(2CM)/LS(5MM) CALORIMETER /
15 L TAIL CATCHER
BEHIND BoF2
10 |
5 L
0 |

50 700 7000

JET ENERGY (GeV)



JET RESOLUTION - SPAGHETTI PLATE CALORIMETER

(after optimisation for asBaF2 + §+Pb/LS)
Pb/LS<e/n> = 1.0

25
N
- A=2.9m — o(E)/E (%)= (2.6£0.2) + (51+2)/vE
E\ 20 | A=00 — o(E)/E (%)= (1.7£0.2) + (51+2)/VE
—
© 50cm BaF2 — 1.8\
15 fine sampling Pb(15cm)/LS(3mm) — 9.5M\
B no tail catcher
10 |_
5 L
constant
term
0 1 l

20 1 CI)O I1 000
JET ENERGY (GeV)



GEANT3 - JET RESOLUTION for (BaF2+Pb/LS) calorimeter

here Pb/LS <e/n> = 1.0
12 After optimisation for axBaF2 + g*Pb/LS

I
[
= j0 |
)
© i
100 GeV JETS
Cl
6 500 GCeV JETS
2|
O 1 | | 1 l 1 ] 1 1 I 1 | ] 1 | 1 | | 1 I i 1 1 1 Ll 1 1 l_L_I 1 | | l ] 1 [

1 1.25 1.5 1.75 2 2.25 2.5 2.75 3
e/Tt in BaF?2



GEANT3 - JET RESOLUTION for BaF2+scint HADRON calorimeter

o(E)E %

12

10

here BaF2 <e/n> = 1.7
After optimisation for axBaF2 + g*HC

— 100 GeV JETS

500 GeV JETS

1 TeV JETS

! | 1 1 H 1 _l d 1 Il 1 ] 1 1 ! ] | 1 1 { 1 l | i

0.8 1 1.2 14 1.6

e/n in calorimeter behind BaF 2



Constant term %

GEANT3 - CONSTANT TERM IN RESOLUTION
for BaF2+scint.HADRON calorimeter
(After optimisation for a*BaF2 + g*HC)

IOH
o F
- Here

SE Pb/LS <e/n> =10

s

6 b

5 £

.4;

2 ¢
0:H\Ll.u.l.l“m.l.\,.l.i1,.41Luitb.4

1 125 15 175 2 225 25 275
e/t in BaF2

3



%

Constant term

GEANT3 - CONSTANT TERM IN RESOLUTION
for BaF2+scint. HADRON calorimeter
(After optimisation for a*BaF2 + g*HC)

10

9
- Here

8 L BoF2 <e/n> = 1.7

7 L

6 |

5 L

+F

3 L

*F

1t

0 t_ | l ! |
0.6 0.8 1 1.2 14

e/t in calorimeter behind BaF2

1.6



Total Absorption Length: 11.7 Lambda LAY assu mp+~'ows

Quter Module Support/Readout
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1 e 20 mm fe
820 mm Iy, -
= : 2400 mm
l = = |_—— Middle Readout
1300 mm [{ 1
2 )
' r—"’__ 4 M 'l:e.

Inner Readout
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r ,A[‘%\_J 60 mm AL
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- 1
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GIO sz { u’
| fif
I
I
___________________ o
| 1
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I
GEM Detector
Liquid Argon

Hadron Tower
G.03.LA.00027 - Rennich



1.6

1.0

e/h

0.8

0.6

0.4

. e LAF

T T |

Fe calorimeters

——

Exp. data

® LAr {ref.2)
W Scintillator (ref. 7,30,31)

PMMA (Smm)

+=—=+= SCSN (5mm)

........ seees TMP {2.5mm)

{2.5mm)

(0.4mm) Rd *10!

1,2,5,6,7.8,- 0.1 ps gate
3,4 - 1 pus gate
7 = kBpmpma

8 - k Bar

| v b gl l

0.1

0.2 0.5 1 2

Ry

-J ¢ )48



Geant Yields LAr <€/m> =136 @ 50 Gev
AJﬁm+mzw+ Mmade .36 > |48

JET RESOLUTION for LAR

(after optimisation for asBaF2 + g*Pb/LS)
BaF2<e/n> = 1.7 LAr<e/mw> =14¢&

o(E)/E (%)= (5.6+0.2) + (31+3)/VE

50cm BaF2 — 1.8\
fine sampling Fe(4mm)/LAr(2.5mm) — 4.3\
15 |~ coarse sampling Fe(2em)/LAr(2.5mm) ~ 4.4\

10 |

(_constan t
5 L term

0 I ! L

20 100 1000
JET ENERGY (GeV)




28

24

20

16

12

MONOJET RESOLUTION - BaF2 + LAr

500 GeV JET

1 Lﬂl

1 ] | | I

1 | 1 1 1

100

200 300 400
JET ENERGY (GeV)

500




Thickness of Calorimeter

1. Punchthrough of = and K simulates u
L,> 105A @ 90°

2. Leakage fluctuations should not contribute

to constant term of hadronic resolution

L,> 95A @ 90°
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Fig. XILS5. Single muon rates and their origins.



RMS(leakage)/E(jet); G(E)JE %

LEAKAGE FLUCTUATIONS IN CALORIMETER

for BaF2+scint.HADRON calorimeter

1 TeV JETS

J_l_(_l

Optimized
resolution %

|
L

_l_f_l_i F
—e
__._

!
2 [ '
5
1L RMS(Ieakoge)%+ t .
I *++
O Lo v 1w v b e b L
7 8 9 10 11 12 13

Total calorimeter depth, A (including BaF2)



L. Sulak
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N, N by |/ -Tre T VLS
df’f Pl LUl G 7 P September 30, 1991

Mark Rennich
ORNL

Ref: Your ietter "GEM Spaghetti Calorimeter Design® dated Sept. 30
1991

Mark,

Since our meeting at ORNL on Sept. 17. Draper, due to funding ,f
limitations, has not pursued an alternate design nor developed & new

oW estimate.

We have no reason to belleve that the design that you have outlined
will not work and believe strongly that it will,

However, as we stated on the 17th st ORNL ard in our Welecons sirce,
ni in _our cost estimates and these

hgve not been resoived.

Dan Sullivan

cc: L. Sulak
PS: October 1, 1991

in a telecon with Larry Monday evening, he requested that | elaborate
on the last statement above.

Over the pest year and a hall, Draper with BU and many others has
developed a conoeptus ign, fabricaton methodology, and
m%rmo ocosts for the spaghetti calorimeter. Your present design

is 10 ours in many ways. As you know, we differ in certain
ko. where we

0081,

Larry: Please be sure Merk receives a copy of this before the
meeting. .
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response corresponding 1 970 pe / GeX. This figure jac(udes light logscs in the
i i j estimate of the .
iom fraction feom e Block o the photomultiplier tube is 0.37 as explained in
Refereacs [3].
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Fig. 2. Resoluton (o/B) versus energy for asingle large prototype PY/SCIFI deteclor.
The solid line falls as 1/VE consistent with that expected from 4 detecior dominated by
sampling fluctuations. The daa point st 0.045 GeV was obtained using mosoenergetic
phoions, while the rest of the dats used incident electrons.

The behavior of the encrgy resolution (6/E) versus energy is shown in Fig. 2 for
the prototype detector over & wide range of energies. The dotted line through the energy
resolution dat follows a 1/ +/E power law as expected for a detector whose resolution is
principally determined by sampling fluctuations. Hereafier, the resolution of the deteciors
is quoted as

oE) X
E +E .
with E in GeV. The valugof X corresponding to the line drawn in the fi i . The
deviation of the data from the line at the highest energies is | ue to energy leakage.
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P. Mockett
U. of Washington
September 13, 1991

A Pizero Identifier for GEM

The pizero detector serves as a front end of the EM stack. There is of
course flexibility in the details but we are considering a system
about 8 cm by 8 cm(covering 16 towers). It would be about 4 XO
thick with the same plate thickness as the remainder of the stack.
Alternate gaps would be viewed by x and y strips. The strips would
have 2 mm pitch and every sixth strip connected together. The

x strips would be read by 6 channels and the y strips would be read
by 6 channels. Hence the signals from different sub regions would be
folded on top of each other. Jon Eisenberg has been Monte Carlo
testing an algorithm he devised to separate one gamma from two
gammas. The first tests look encouraging. He is getting 100%
acceptance of one gamma and a good rejection of pizeros. We are still
in the process of optimizing the cuts. The pictures accompanying this
note are for 50 GeV single gammas and 50 GeV pizeros at 85 cm. The
pizeros are at minimum opening.
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|
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I minimum amount that the strip mean must
{be away (radius) from the shower mean

¥ position :
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fthan to be considered 2 photons
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Future Cuis

- Dependence of ECUT (peak threshold) on total shower energy
will reduce number of zero photon events at lower energies

« Dependence of NCUTWID on sum of peak energies
when conversion is deep (lower sum of peak energies) tighten width that
is considered one photon



M. Chen



How Can Sampling Calorimeters

Approach  Homogeneous Calorimeters
in Energy Resolution?

A summary of what discussed here:

LAr, SPACAL, BaF,;, LXe/KTr, .......
A Proposal for Unification



High Resolution Sampling Electromagnetic Calorimeter
Using LXe Filled Capillaries

JETSET/| Hertzog et al., NIM A294 (1990) 446.

Pb / Plastic Scintillating Fibre Calorimeter

¢ Volume Ratio |
Fibre : Pb: Glue = 0.5:0.35:0.15

1 mm diameter fibres placed on comers
of equilateral triangles of side 1.35 mm.

Xo=1.61 cm

o Test Results
10 x 10 x 22 em3 ( 14X,) Calorimeter

Resolution: 6/E=6.3 % /VE
No. of p.e. / GeV =970

6/VE =5.4% INE if photo-statistics removed

% energy deposited in scintillator ~ 13 %.



’ACAL

CERN PPE/91-8S

olume ratio Pb:Fibre =4 : |
nm diamter plastic fibres

3% of incident energy in scint.
)':-'7.2 mm, RM = 20 mm

E=129%/NE + 1.2% at 3°

c/E (%)

:liminary Results from New Tests

| L. Poggiolt
y mm diameter fibres (P.Covam)

t keeping the same volume ratio

7=9.5%VE + 0.4% at 2°

otoelectron statistics : 500/ GeV
% --> 8.4 %

Angular scan (80 GeV e7)

0, (degrees)

7 T | T ] 1 I o
6 o 0/E
. « Constant ferm
5
I ©® New Test
L, -
| ]
3 K (o] 5
o
2 ” 9" o
% :
1| ",
o "o
N I | | | 1 1 ,//L_!
0 2 3 [A S 6 7 9



Comparison between Three Kr- and Xe Calorimeters

Gap

Thickness
ol Electrodes

Lengtlth of
Calorimeter

Diameter of
Calorimeter

Number of
Readout s

Thickness of
ntrance Window

nergy
Resolution

Kr-Calorimeter

[USSR-1Laly ]

Xe-Catorimeler

USSR

20 mm 12.0 nun 3.
0.5 mm G-10 S50 m Al 125
+ 2.35 pum Cu +

76 ecm(16.4 X,) 50 cm(17.7 Xo) 70

12 cm(9.5 X,) 25 em(9.0 X,) 30
19 | 20
2 mm Fe(0.13 X, ) 7 |
1.7 % 3.4 4/4 E(GeV) 0.
for 1.2 GoVv 0
posilrons 0

| Japan]

D omm

&£ m Kapton
x l8u m Cu

cm(25.4 X,)

cm(10.8 X, )

mm Fe(0.06 X.)
80 % for 1| GeV
.38 A for 5 GeVv

30 %4 forl0 Gev
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1. Intrinsic sampling fluctuations:

SE/E = (3.2%) \/(E../F)(t/E)

t= thickness of a layer in Xo; -

Mean fraction of detectable tracks:
F(z) = e* [14 z In (z / 1.526)],

with z = 2.29 E./E,,.

Better resolution for Xe, Kr, than Ar.
Simaller E,:

1) MeV (Xe), 15 MeV (Kr) and 30 MeV (LAr),

2. Higher dE/dx:
dE/dx(LXe)=3.8 MeV/cm),
(E/dx(LKr)=3 MeV¥/cm),
dE/dx(LAr)=2.1 MeV/cm.

3. Fluctuation oi nonvisible energy (< E.):

l



Resolu_tion due to

1. Intrinsic sampling fluctuations,

ket Light yield's
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[LXe Macaroni
Consider a Calorimeter with volume ratio Pb:LXe = 1:1

o Use capillaries of 900pum diameter and 50 pum wall thickness.
Effective X;=0.93 cm (27 Xo=25cm!’), Ry~ 1.9cm
~ A

¢ Volume of LXe ~ 3m3 (large volume cost : 2.5 M$/ m3 /2)
e % energy deposited in LXe ~ 25 % *

o Expected energy resolution ~4% /YE + b

Light Yield
At 175 nm : n(MgF,) ~ 1.45, n(LXe) = 1.8

Capture light ~10%

#p.e/GeV = 0.25 (§ract) 3.107 (¥'s/GeV) 0.1 . 0.5 @q.c.) ~10° p.e.

use Si photodiodes ==> Can work in Magnetic Fleld



> Idea can be teste db‘ single tube:Oct. 1991 and then

full size module:mid-92
at the level of a protoype that can contain a high energy e.m. shower

¥y Advantages compared with Spacal
Much better fibre to fibre uniformity
Core material in direct contact with photo-device
LXe, MgF,: radiation hard
Sl photodiodes at low temps are p0531ble more radiation hard

tmode calibration with a’s e




FoAOINTCoY N UL T AL Lo N s

Poilles: diometre interieur=4 H7 longueur= 550 mm
par 2 couches soudees de Kapton

faoce aluminisee  MgF, a l'interieur de lc pailie
epaisseur totale paille: kaplon 12.5
kapton 12.5
thermoscel. 12

(circonference paille @ 4 = 12.57 )
(surfoce totale kapton = 13827 mm?)

COUPE PAILLE ¢ 4

—| = face thermoscellgble

toce thermoscellable | ep. ~6 microns

ep. ~b microns

-

B [EXTERIEUR;

INTERIEUR

MgF, (0.8 7

foce oluminisge
ep. < 2000 A

Kaplon 12.5 microns

—o— ~—<nton 175 microns









2. Shower fluctuation for a 5x5 cell LXe detector can be re-

uced to 0.25
x5 LXe cell is big enough to contain high energy electron/photor.
shown below: /

10 GeV 100GeV

0 trans. leak. 0.65/ 0.39/
x5(no long. corr.) 0.65) 0.39/, -->transv. leak small
x5(long. corr.) 0.5  0.25% <--depth measurement import



Conclusions:

LKr-Accordion and LXe-SPACAL illustrate
the versability of a Liquid Detector,
Using Many Liquids for the Same Structure
and
Many Structure with the Same Cryostat.
SE/E = (4/VE + 0.5) %
is a perfect match between
the two terms and for Higgs Physics.



M. Shupe
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DESIGN CRITERIA
FOR FORWRRD CALORIMETER.
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Physics Requiring a Forward Calorimeter
Missing Er
Higgs
H-ZZ-8Cvi
B—-2Z -t 77

New heavy guarks
SUSY

Technicolor
prc — WEZe - vttt
Leptoquarks gg — P3P; — brbr

New Gauge Bosons
WiE o 2y

Other sources of boson pairs
WxZe — 2pLte-
WEW=E - 200y
WHW— — £tvl~v if separable from

Forward Jets
VYV scattening with forward jet tagging
Low x physics via forward di-jets



mb/20 GeV

108 {.

10'9r o 7 v T T | S I 4!

0 100 200 300 400 500
‘Missing Transverse Energy (GeV )

igure 2. The missing transverse energy cross scetion due to neutrino

. .uction ( data points ), whole jet fluctuations into the cryostat edge ( solid
ilamonds ) and "electromagnetic” jet fluctuations ( open squares ) is show.
he neutrino cross section has ignored processes with energies less than 50

r

23 s the other two mechznisims have included theace eneraies,
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) PYTHIA 5.5 ]
PYTHIA Events with Pt Threshold = 30. GeV/c
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PYTHIA Events with Pt Threshold = 30. GeV/c 29-SEP-1991 16.04
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M

29-SEP-1991 16.06

JETSET 7.3 d—quark jets at eta=1.
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GEANT Simulation of BNL—LAr W 10 GeV pion x—verse

7—-AUG-1991 11.13

I |
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Resolution in pT
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Resolution in pT for single hadrons in an FCal

pr=100 GeV
D=55 m from IP to front face
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SIMCcATIon S

R B RN RSN RER R EREERE R R RN RN

IPAIR = 1. ICOMP = l.
IPFIS = 1. IDRAY = 1.
IBREM = 1. IBADR = 3.
IDCAY = 1. IL0SS = 3.
IRAYL = 0.

v 2O0TrFETFS AT VT KT E

' T . P L - T A
WITH Cermsy 204 (L134)
IPFIS = 1. IDRAY = 1. IANNI = 1.
IBREM = 1. THADR = 3. IMUNU = 0.
IDCAY = 1. ILOSS = 3 IMULS = 2.
IRAYL = 0.
Special TPAR for TMED 1 W TUNGFFEN

CUTGAM= 10.00 KEV
CUTEAD=100.00 KEV
BCUTE = 10.00 KEV
DCUTE = 10.00 KEV

IPAIR = 1.
IPFIS = 1.
IBREM = 1.
IDCAY = 1,
IRAYL = 0.

Special TPAR for TMED 2

CUTELE= 10.00 KEV
CUTMUO= 1.00 MEV
BCUTM =100.00 KEV
DCUTM = 10.00 KEV

CUTGAM= 10.00 KEV
CUTHAD=100.00 KEV
BCUTE = 10.00 XEV
DCUTE = 10.00 KEV

ICOMP = l.
IDRAY = 1.
IHADR = 3.
ILOSS = 3.

KAPT
CUTELE= 10.00 KEV
CUTMUO= 1.00 MEV

BCUTM =100.00 KEV
DCUTM = 10.00 KEV

sxaxx GPHYSI error for material nr 1s

B B A B RN R RPEEEDN

Tracking medium NR

Special TPAR for TMED 3

CUTGAM= 10.00 KEV
CUTHAD=100.00 XEV
BCUTE = 10.00 XEV

DCUTE = 10.00 KEV
IPAIR = 1.
IPFIS = 1.
IBREM = 1.
IDCAY = 1.
IRAYL = 0.

CUTNED=100.00 KEV

PPCUTM= 10.00 MEV

IPHOT = 1.

IANNI = 1.

IMUNU = 0.

IMULS = 2.
KB PTON

CUTNEU=100.00 KEV

PPCUTM= 10.00 MEV

IPHOT = 1.
IANNI = 1.
IMONU = 0.
IMLS = 2.
ALY

LAR LJ@UID BeGon
CUTELE= 10.00 KEV CUTNEU=100.00 XEV
CUTMUO= 1.00 MEV
BCUTM =100.00 XEV
DCUTM = 10.00 KEV PPCUTM= 10.00 MEV
ICOMP = 1. IPHOT = 1.
IDRAY = 1. IANNI = 1.
IEADR = 3. IMUNU = 0.
ILOSS = - 3. IMULS = 2.

xmxxk GPHYSI error for material nr 17

* % % % % %R

Tracking medium NR

Speclal TPAR for TMED 4 cu

CUTGAM= 10.00 KEV
CUTHAD=100.00 X=V
BCUTZ = 10.00 K=V
DCUOTE = 10.00 KEV
IPAIR = 1.

CUTELE= 10.00 KEV
CUTMUO= 1.00 MEV
BCUTM =100.00 KEV
DCUTM = 10.00 KEV
ICOMP = 1.

3 and 14 have different

CUTNEU=100.00 KEV

PPCUTM= 10.00 MEV
IPHOT = 1,

* % % X B X RS R E R B NENEE R R XN R NN RENEE NN E AN

e 2% CE A

2 and 13 have different parameters

% % NN N NREEERE SN
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10 GeV PIONS — Tungsten LAr Forward Calorimeter S0-SEP-19391 11.03
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10 GeV PIONS - Tungsten LAr Forward Colorimeter

30~SEP-1991 11.03
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10 GeV PIONS — Tungsten LAr Forward Colorimeter

OIN GAPE.

(lr‘:f
.

T p 2T

0.24

0.12

Lo
Ol

N=

16 / 6560, H= 503

Energy Transverse Profile ot each Depth




10 GeV ELECTRONS — Tungsten LAr Forward Calorimet S0-SEP-1931 11.15
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10 GeV ELECTRONS — Tungsten LAr Forward Colorimet
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Tungsten—LAr Forward Caolorimeterz 10 lamb. 29-?EP—1991 15:38
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Calorimeter e/h Effects on Reconstructing
High Pt W/Z — Hadrons

G. E. Forden
University of Arizona

The fractional energy deposited by secondary x%s ( as given by GFLASH) :

§ 1.0+
En B
FRACTIo™ £ sl ‘
IN N P
HBDQONIC ‘g‘ 0.4+ .'....:.:._. :
S HOWERS § 2" % "

‘é 00-"—-—----

l Ll LJ III'I('I L) LI l"l‘l L LE lellll
| 2 48, 2 48], 2 4 88
Incident Hadron Energy Gewc2}

o 100 6o
This fraction is used to predict the response of the calorimeter on a shower by shower

Eobs'_'Kfn'l'(l'fn %I Emc

The average response to hadrons given by this model:
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Forward Calorimeter Dose Rates ({Mrad/Year)

MATERIALS

RADIATION RESISTIVITY OF DETECTOR MATERIALS

The following table is meant to be a rough indication of the doses

that_detegtor matrerials can withstand,
service life dose, and the second, the dose to failure.

The first column indicates the

The actual

doses will depend on the dose rate, the type of radiation, temperature,

n_'sechanical stress, and other parameters.

MATERIAL SERVICE DOSE FAILURE BOSE
{Mrad} {Mrad)

—# " Connecters 1000 10000

X' Cables 5 1090
—» " Epoxy 500 5000

¥ Foam 50 100
— Kapton 1000 10000

X Mylar 10 200

> Nylon 2 50

X Delrin 1 10

X Si rubber S 50

w Teflon 0 0.5

o Tefzel 1. 5
Y v" G-lO 1000 5000
-~ " Ceramics - 10000

> Standard Electronics 01-1
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D. Makowiecki



E.Kistenay

C. Rasciq
D. Mallowieek

HIGH PRESSURE GASEQUS IONIZATION TUBES
ADVANTAGES:

* ABILITY TO HANDLE HIGH RATES

* DRIFT TIME FASTER THAN IN LIQUIDS
* SPACE CHARGE EFFECT REDUCED

* UNIFORMITY

* EASE OF CALIBRATION

* RADIATION HARD
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The sampling fraction for a tube calorimeter computed along the random
path perpendicular to the tube axis is equal to .

eext t diam [mm] 1010 20 20 10 10
egap [mm] 1 2 1 2 1 2
-7 faim
« absorber " [Pb Pb Pb Pb W W

L L

esensitive Volume [%] 124 44 13 24 24 44

Lo o 4 o

-

«sampl. frac. [%] 139 92 18 39 25 .60
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Collected Charge
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/~ ABSORBER CORE

~GAS GAP SUMMING BOARD
RIB
HIGH PRESSURE
IONIZATION CHAMBER
(END VIEW)

A
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Yu. Kamyshkov
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ULt va ‘91 @8:24 ORNL HIGH-ENERGY GRP,#b155762822 P.2-31

Liquid Scintillator
V£
Spaghetti
Vs

Liquid Argon

behind BakF,

Studies at ORNL, presented by YuXamyshkov
SSCL, October 2, 1891



OCT B4 ’91 88:24 ORMNL HIGH-ENERGY GRFP.#51355762822 P.3-31

Tail catcher = coarse sampling part

Fine sampling part : 20 mm Pb+5mm LS
~5A + 18A (BaF,)

Coarse sampling part : 40mm Pb + 5 mm LS
~ 45 A

This structure exists in Pb/LS design since
November last year. Cost of this structure

is estimated (by M.J.R.) in September 20 book.
Performance was shown before.

Tail catcher saves ~ 10 cm of radial space,
reduce number of cells and fibers ( but not
the number of readout channels)

Combined with overall reduction of absorption
thickness down to 10.7A, all uniform 20 mm
thickness is feasible without increase of radial
space (outer radius reduces to 3500 mm).
Number of cells/fibers -> 943 K , trays -> 203K
Number of readout channels -> 26 K
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OCT 84 ’31 0B:25 ORNL HIGH-ENERGY GRP.#51SS7e2822 P.5-31

V. Shoutke
Nov {440

JET RESOLUTION - GEANT3

L 10
+ BoF + 38X(2em Pb + 5mm LS)

Eﬁ.\ 2 20X(4cm Pb + Smm LS)
%— o(E)/E (%)= (1.740.2) + (59+2)/vE

S [

BaF + 72X(2¢m Pb + Smm LS)
2 . +“"
o(E)/E (%)= (1.6£0.2) + (6242)/VE
0 | | | ||

50 100 200 1000
JET ENERGY (GeV)



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

\\

NN 7
NJFoirr it N
N ””. P P

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

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

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

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

g
.m \ m“"”“”m .m”.

.

A

e

Pt Sy

e i
.”.”-...h .”..“

. ]
......
......

.......

........
......
LTLhL,

tetatate -
.t
a ",

_

e s o

.

<

<

o

o

» g

&

-

3 NI ; 7
g N

M e MR A
50 N _
-k N|BEEEEEY
[ &

g

o .5

= o

go

Fomy . .

>
o
+
0y
. 3
-
»
-
-
LA
4
&5
]
v
i hd
-




OCT B4 °S1 08'c6 ORNL HIGH-ENERGY GRP.#6155762822 P.7-31

Liquid Scintillator Hadron Calorimeter
Sampling structure scheme
{uniform .mmplfrlg)

Clearance
60 MM g 108 mm { Support tube 60 mm
1 | —— i 036 A
| — -—[ 20 mm Fe (wall)
Lost — ; 2 012 A
chamber
142 mm '
R 3500 mm =
70 layers
> -a—  Fine sampling
20mm/Pb+3Smm/LS
834 A +020 A
| J [ 40mm Fe
'r— ' L 024 A
R 1400 "
nn BoF. E-M calorimeter
M e
TOTAL  10.87° A
Aww = 175 mm )
Are = 168 mm
)\sﬂ = 1000 mm




OCT B4 ’91 88:27 ORMN. HIGH-EMNERGY GRP.#5155762B822 P.B8-31

I.Ver. 08-01 with fine and coarse sampling

40 layers x (20 mm Pb + 5 mm LS)
19 layers x (40 mm Pb + 5 mm LS)

_ Total thickness with BaF2 in front and
support structure 11.73 lambda

Outer radius 3605 mm

rings cells trays channels

%0deg 3 118k 30k X
0deg 4 172k 43k 8.6k
45deg 8 138k 3sk 6.8k
endcaps 2 179k 22k 3.5k
total 607k 130k 26.1k

II.Ver. 08-02 + all fine sampling

- -

70 layers x (20 mm Pb + 5 mm LS)

Total thickness with BaP2 in front and
support structure 10.87 lambda

Quter radius 3500 mm

rings calls trays channels
90deg 3 168k 42k 7.2k
30deg 4 310k 78k 8.6k
45deg 8 225k - 3k 6.8k
endcaps 2 240k 30k 3.5k

total 943k 207k 26.1k



OCT B4 *91 B8:27 ORNL HIGH-ENERGY GRP.#B15S76zZBz22 P.8-31

Muon radiation losses in HC
and longitudinal segmentation

1. Bremsstrahlung energy measurement.
In Spaghetti - effect of light att. length

2. Recognition of muon radiation losses :
for muons - em clasters uniformly distributed
in radial directions ; for hadrons - characteristic
longitudinal energy deposit profile.
(MC simulation is due)

3. Longitudinal segmentation allows to build
ISOLATED MUON trigger
(MC simulation is due)

4. Longitudinal segmentation and brickwall
structure of readout cells improve

the accuracy of muon tracking in HC
(MC simulation is due) |



OCT @4 91 BS:27 ORNL HIGH-ENERGY GRP.#6155762822

Initial em resolution

Spaghetti : 25%/VE

Pb/LS (fine Pﬂr{',ZDmm) . 3L.5% /NE
Pl /LS (coarse part, YOmm ) * 50% /VE

r.18-31

RESOLUTION for e-m showers from MUON energy loss
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Fiber "holes" in spaghetti
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COMPARISON OF LIGHBT YIELD POR MUONS AND HADRONS

I SPAGHEITY :

- — e e —

St
1.

2.

3.

6.

7.

9.

10.

—_——

art vith nuons. Muon assumed to be MIP.

Path in fiber ( L(module)=2m, fraciton of fiber 1/5 vol.)
<1>=200em/6=33.3cn
Energy deposit by MIP in polystyrene
Edeps<1>*dE/dx=33.3cm*2,01MeV/cn=67 . HeV
Light output 60X Anthracene (61 eV/photon in Anthracene)
Nphot=67.MeV*0.6/(61eV/photon)=659,000 photons
Captured in fiber via total internal reflection angle
21.4 degree --> aperture 3.4X.
[Bill Vorstel mentioned total int. refleetion angle of
15 degree; this will result in aperture 1.7%}
Nphot=659,00040,034=22,400 photons
Light yield averaged by fiber attenuation
(Latt=1,8m, no filter, no mirror)
Y=Latt/Lmod*(1l.-exp{~Lmod/Latt))=62%
Nphot=22,400%0.62=13,890 photons
Filtering (lambda < 450 nm) increases fiber uniformity but
reduces response be average factor 0.327 +- 0,057
[Data from z-scan long John, R.Wigmans, Calorimetry in HEP,
Lecture at CERN, January 1989]
Nphotel3,890%0.32724,542 photons
Splicing of 3 mm SF wvith 1 mm clear transport fiber (factor < 1/9)
Nphot=4,542%1/9=505 photons
20% loss due to light concentrating/mixing interface :
Nphot«505%0,8«404 photons

Por PMT R2490-05 1 Q.E. 16X for lambda > 450 nm
(Q.E. 22% for lambda 390 nm)

Response (MIP) = 404%0.2 = 65 p.e./MIP
Average muon energy loss in spaghetti 2m long module ~ 1.94 GeV.
mu/e ratio for Pb sampling structure iz ~ 1.6
[see for example R.Wigmans, Advances in Hadron Calorimetry,
CERN-FRE/91-39, 25 February 1991}

Response (1 GeV hadronic energy) = 65/1.94/1.6 = 21 p.e.

P.17/31
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COMPARISON OF LIGBT YIELD FOR MUONS AND HADRONS

I1.SPAGBETYY ( Bill Vorstel estimate).

1.Msasured response - 400 photoelectros/GeV for lmm fibers.

"AS NOTED IN THE BASELINE DESIGN REPORT, SPACAL MEASURED A FILTERED
LIGRT YIELD OF 400 PE/GEV VITH 1MM FIBERS. THE QUANTUM EFFICIENCY FOR
THE PMT USED VAS COMPARABLE TO THAT OF A R2490. THE 3-1 TRANSITION
LOSES A GEOMETRIC PACTOR OF 9, AND VITS UP TO 20% LOSSES COBINED FROM
INTERPACES ONE IS DOVN TO 36 PE/GEV."

2.take into sccount 3mm—->lum splice :
IS © 400%0.8/9 = 36 p.e./GeV

"I BELIEVE FROM SPACAL A MIP IS ABOUT 4 GEV EQUIVALENT (I WILL CHECK
TBIS, BUT SEE FIGURE 9 IN THE BASELINB DESIGN REPORT). THIS IS
CONSISTENT VITH 20 MeV/em dB/dX. Thus 1'd say about 150 PE/mip."

3. MIP in GeV 1

Eutectic: dE/dx=11.0MeV/cm (49%)
Lead : JB/dx=12.8MeV/cm (61X)
Piber : dE/dxe 2.0MeV/cm (1:5)

dB/dx=9. 68MeV/cn

—-----> Il-zn -“) “IP - 1-94 GQV ""'-> "IP . 70 pce-
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COMPARISON OF LIGHT YIELD POR MUONS AND HADRONS

ITI. PB/LS SAMPLING CALORIMETER

l.Measured response (from test cell with 2m transport fiber)
N1 L J ‘ poeo

2.FPor 59 planes in calorimeter :
------ > Response {(mu) = 236 p.e./MIP
3.In Pb/LS calorineter L(lead)=156cm,dEB/dx=12.7MeV/cnt MIP«l.98GeV

L(scnt)n27.5cm,dR/duwl.7HMeV/em MIP=46. 7MeV
HIP-Z.OSGQG

———===}> Response (h) ~ 236/2.03 = 116 p.e./GeV

P.18-31
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Calibration & Momitoring

Spaghetti : Co-60 or Sc~137 moving source in 2.7X% of tovers.

et e e e sy e

Calibration signal = 0.6 p.e.

DC measurements are required (each source > 10 mCi)

Liquid Scintillator : U-235 source in every cell

calibration signal = 8 p.e. approx.

with 900 Hz rate calibration to 1% within minutes

Liquid Argon : Test pulse at every preamplifier input

{Radiation stability of test circuit components ?)
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MAJOR NON - SENSITIVE (DEAD) REGIONS in HC

I. Spaghetti : Projective separation between barrel and endcaps

II. Liquid Scintillator : most compact cable way break

(neaded only for cables)

I1XI. Liquid Argon : Large gap (due to cryostat) between barrel and endcaps.

P.21-31
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Beam Tasts of Tovers/Modules

I. Spaghetti : Will it be possible to measure individual towers or

group of tovers in the test beam before assembly ?

IT. Liquid Scintillator : 256 individual transportable and testable modules

III. Liquid Argon : Will it be possible to measure the response of the HC

e g, . S e SR g S o e b

with BaF2 in front prior to installation in the pit?
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Vhat vill happen if one PMT or amplifier board will die ?

This consideration is particulary important because front end

readout elements (PMTs and preamps) are practically non-accessible

1. Spaghetti : Consequences for missing Pt measurements has

to be understood by MC simulations

II. Liquid Scintillator : With "robust readout option" (interleaved layers
go to different photocathodes; double number of
PNT) - almost no changes in response and resolution,

Included in base line cost estimate (Sept. 20)

ITI. Lliquid Argon : interleaved robust readout is feasible.
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SEGMENTED PMT
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r R 3540
: [
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e — — — . iy
J T ————
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ToveRS e A
===Es / ik
!
\‘ ' ] /
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Version of robust LS fiber readout

h cdout tower is viewed by two PMT
BoCn L anber of PHT is doubled” "

09/23/9! A. SMIRNOV



——CT B4 *S1 @8:32 ORNL HIGH-ENERGY GRP.#6155762B22

L

Neutron flux /year/em?2
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MODEL OF LIGBT COLLECTION IN TRRADIATED FIBER

(see A.Maio, CERN 90-10, ECFA 90-133, vol 3, Dec 1990)

Irradiation affects local light output as well as light absorption
length in the fiber. This model fits experimental data for
following seintillating €£ibers : SCSN38,SCSN81,S5101A,3HF,3HP+PTP;

1.Local light output depends on dose exponentially :

(1) I(z,D(x))=I0%exp(~D(x)/g); D(x) - dose of irradiation;

2.Abgorbtion of light depends linearly on dose :
(2) k{x)=kO+a*D{x):
k(x)=1/Latt(D(x)), kOs1/Latt0 (nonirradiated);

dI(x,D)
(3) ——E-——- w - I(x,D(x))*(kO+a*D(x));
X

3.Expression (1) and solution of (3) give dependence of light
output on doze and on light emission distance x :
(4) I(x,D)=I0%exp(-D(x)/g)*exp(-x/LartQ)*exp(-a*D’),

vhere D! is integrated dose from 0 to x;

D’ » Integral {0,x} D(z)dz ; [D ]=Mrad*em

P.26-21
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PARAMETERS a AND g IN FORMULA (4) POR DIFFERENT FIBERS

§ - parameter describing light output reduction
[g)=Mrad ( the larger - the better )

e - parameter describing light attenuation length reduction
[a)wl/{Mrad¥em) ( the smaller - the better )

+

———

—_
+
+
+

RH-1
assumed .
SCSNB1 to be better BCF-91 BCF-61 BCF-98
than SCSNB1 (Version 1) {Version 2) {(clear fiber)

+
+
-

-

+
4
4

n
+

+
+

0.0043| 63.1 |0.0040| 66.0 |.00008| 20.0 |.00008| 125. |.00002 -

e
-

+

e e e

4
4
+
+
1
4
+
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Spagetti calorimeter

Nonuniformity of response

) S

‘Relative response

34
5 years® 10

0 LilLillllllllllllllllllllllllll!lllII]|

0 25 50 75 100 125 150 175 200
Depth (cm)




OCT B4 ‘91 ©B:34 ORNL HIGH-EMNERGY GRP.#6155762822 P.28-31

JET RESOLUTION - GEANT3
BaF2+ Spagetti HC
15 ‘

O(E)E %

10 |
S yeors®©10 ¢
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34
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P.38-31

Liquid scintillator calorimeter

Nonuniformity of response after calibration
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JET RESOLUTION - GEANT3

80F2+ LS HC (Version 2)
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