CAu@S

Calorimeter for ILC

Use of fine grained GRPC
as t & M detectors
for heavy ion target exp.
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Need to match muon track position
between spectrometer and trigger :
Use an instrumented Fe absorber

133 l‘k ] EI 4 E } M
http://newsline.linearcollider.org/archive/2010/20101104.html|
- 40 layers > < ? layers -
1 m of Iron ? m of Iron

= Use of Gas detectors
» fine for u, OK for SHDCAL (rates ?)

= Optimal transverse granularity in p tracker
= Optimal longitudinal sampling in u tracker

= Triggering
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CALICE GRPC SDHCAL

Highly Granular

Particle Flow Based
* 1x1 cm? x 48 layers
 Imaging calorimety
« Tracking in
calorimeter
* Energy loss
recovery

See note LC-DET-2004-029

Gaseous calorimetry
» Lower sensitivity to n
* Narrow showers
(99% of 100 GeV n
in 70x70cm?)
* Less fluctuations
(wrt H containing con

GRPC's
 Cheap
e Simple
* Reliable
« Large uniform surface
(calibration of 70M ch.)

Vincent.Boudry@in2p3.fr

GRPC Semi-Digital

Calorimeter for |ILC

HCAL

2 bits per cell

« Simplified electronics
* reduced cost
* |less heat

* Improvement of energy
rec. at High E.
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Calorimeter for |ILC

Grid (Steel)

(Absorber (2 cm))
ASIC (HARDROCT)
PCB

Pads (copper, 1 cm2)

Insulation (Mylar)
Anode coating(~1 M /0)

Glass plate (0.7mm)

Chamber wall (1.2mm)
Glass plate (1.1mm)

Cathode coating(~1 M /L)
Gas

-HV

Spacer

Avalanche mode:

Typical induced charge of

0.1—10 pC/mip with rising time ~10 ns
Very high timing precision :

1-2ns (standard)— 50ps (Multigap RPCs)
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Space & time

= Avalanches typical size ~ few mm?
= ~95-97% efficiency to mip
= Multiplicity » 1.5 at cell boundary

= Rate limitatiol ~ 100 Hz/cm? with standard Glass (1013Q/cm)o—§
» OK @ =30 kHz/cm? with low resistivity glass (~10° Q/cm) 17

» Alternatives: uMegas or GEMs (in early phase &
more expensive)

Reference: classical float
il ' ~1013
| Efficiency Vs Particle Flux | glass ~10" Q/cm

z ss. Graphite RPC {IHEP Protvino)
§
o M0
T ——— Graphite RPC (IHEP Protying)
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Simulation of a 100 GeV =

Avalanches<

1 cm? pad
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Readout electronics

« = HARDROCv2
from LAL-Omega

» 64 ch readout chips

» 3 indep thresholds
» Auto-triggering

» independent gains

> powerpulsing  Jhﬁmnuuﬁﬁwnﬁn
Soaa8848 00001
i-ﬁﬁ“f {47

» 128 events memory s = & i: i

- Cost (for ILD , 72 Mch) ’ S
» ASIC: ~0.12€ / channel
» PCB ~ 600€/m?
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Micro-Megas

In earlier R&D phase than RPC

(more challenging: protection against sparking,

smaller signals) but progressing well... '""'ﬂ“"m 3 mm gas
h — —_1mmPCB

No pratical rate limitation (~10° mm2s1l) R 2 mm epoxy

Cost ~ 2000€/m? LAPP CALICE group
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RPC Prototypes

= 2X1m3
» Phys DHCAL (US) & techn. SDHCAL (FR)

» 10000 ch/m?2

» 40 layers
» 400000 channels
0-24:—from US DHCAL 2 I ndf 15.54)3
B o 0.5634 + 0.006216
0.22 :
- Pions C  0.04905= 0.004311
0.2
" 0.18] Preliminary
w
©0.16
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Rates in HCAL

Calorimeter for ILC

Number of min bias events (for Pb+Pb)
— =68.8x(AV3  +B3_ _—132)2F gfP . -68.8x (2083 +207.19Y3 — 1.32)2=7.62 barn
— Nevents/sec~ 0.3 106x 7.62 ~ 2.3 MHz lab frame

- 3'I:+'"

—

= Average # of n =0.3x4.4=1,321n/evt???
= ~2.3MHz x 1.32 = 3MHz of nn |
» contained in 70x70 cm?; occupancy <10% =} S0Gevie

m*/- momentum up to ~50 GeV/c

= Acceptable rates ~100kHz (for semi conductive
RPC):

» 1/30 reduction rate ~1 m of Iron

'| | (P, (") =35Gev

L1 o b o b b Lo a Ly
40% 60 80 100 120 140 160 180 200

» - first layers in uMegas

- : 200 512

= More realistics numbers on n's needed... i EM

—:m
= 150 — —EQ _
= Key feature: early layer to follow p tracks... gt )
E o R
DHCal T T =7 E
ZEIDG— —_Ezb-

. I O/m Bock param. E .

o ro7 4/ & CDHS data 3
q:[ff[rﬂ ‘[ T {0 O/® CCFR data —14
1o |[F solocel vl el 3,
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Calorimetry for PFA
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Same

Topology Toy model

Tmm cells

DRUID, RunMNum = 0, EventNum = 23

i { 20 GeV Klong reconstructed @ DHCAL
";m_-_: i

il 1L !_;-:_:___
' II||||||!!I;!!I!.;1:_- S

Optimal granularity depends density of particle
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Muons Multiple scattering CA

Calorimeter for |ILC

13 6 MeV

\IIRMSplane n rad 9 - 2V 33/X() []. + 0.038 IH(JJ/XQ)]

distribution on

: 0.010 0.016 0.023 0.033 RMS . =1V2RMS_
0.001 < x/X, < 100
.0 0.004 0.007 0.010 0.014 0.018 0.023 W = planarangleofopenmgat
.0 0.002 0.003 0.005 0.007 0.008 0.011
» muon longitudinal Momentum |55+ =
7 GeV (~lowest J/y n's) n will scatter over S T ERE CAE

* 0.3 cm for 0.5m of Fe « proper interlayer ? = '
1 cm for 1m
3 cm for 2m
5 cm for 3m wll
11 cm for bm

———— muons from pion decay
muons from psi decay

Addtional layers needed at beginning Wil

]
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Triggering

rimeter for ILC

Detector — trigger rate in Pb+Pb

* Pb Beam intensity
— NAS50 - 5.107 ions/bunch = 107 ions/sec (with a bunch time length ~ 5 sec)
— Luminosity : £=Ny x Ny = N, x (p x e x N,)/A =107x(11.35 x 1 x 6.02 10?%)/207.19 = 0.3 pb's?
* Number of min bias events (for Pb+Pb)
— 0=68.8x (A3, +BY3, —132)2 > o™P . =68.8 x (208Y/3 + 207.19%3 - 1.32)2=7.62 barn
— Nevents/sec~ 0.3 10°x 7.62 ~ 2.3 MHz

.. Absorber starts @ 205 cm
E t reiecti 10 000 Pb+Pb minbias events - stop decaying after 1%, in
. vent rejection : . a1
) generated with EPOS 1.6 e
T+~ g ity E'F.:‘:ES Tt e muBpIC Tty T T e Yo [[Teet- multip -
gw ;L—P Atleast 2 uin the e gw‘f —> Atleast2 pin th . ng —> Atleast2jtin the ~—= : gw —» Atleast2 pin the: e
F tlea W in the : :
W - Detector (329 euentsl 10’1 Detector [44 events} 1?;L Detector tiz EVEI‘ItS] 1 TL Detector {3 events} FI ne Wlth RPC

* E r * E r * * 2
wl -05<y, <05 wh 05<y,<05 ol 05<y, <05 wl -05<y, <05 (K100 Hz / cm?)
. P' >31GeVie | ‘|—‘ P > 5GeVic P* > 6GeVic . P 7 GeVic

Zip <215 ] Zt,. <215 ] —L Zt,. <215 7t <215

1 S L .. | L A [ T
1 I i i L 1 I L 1 | 1 1 Il e L f ] TSI S TR P B I " " adai
L] R N E 1K L R 1 ,:" 4 ¢ 0 0 1 i 18 1 "? 0 « B 8 M 12 W 18 8 un 1 4 & & 10 17( & @
N

3.2m Fe abs.: P,>5 GeV/c: Trigger accepts 44/10000 events=> N, ../sec ~ 2.3 MHz x 4.4 103 ~ 10 kHz
3.8m Fe abs.: P,>6 GeV/c: Trigger accepts 12/10000 events = N_,..../sec ~ 2.3 MHz x 1.2 10 ~ 2.8 kHz
4.5m Fe abs.: P,>7 GeV/c: Trigger accepts 3/10000 events = N,..../sec ~ 2.3 MHz x 3 10* ~ 700 Hz

Frédéric Fleuret - LLR 31
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CALICE Read out: token ring

e Readout architecture common to all calorimeters

u - . .
electronlcs e Minimize data lines & power PR . «
& s & & &
iy 5 iy Ky @
& & @ @
EI;I':L' between 2 bunch crosings ILC beam & e ] o o .
- Chip 0 | ,|Chip 1 | |chip 2 | ,/chip3 | ,|chip 4
ILC [LL[L1] e 11111 S LLLLLLL - LLLEEEL
. ranlengh " Time between 2 trains: 200 ms : : * * :
=  Embedded electronics 2820033 Tns=95005
» cooling _
hip 0 Acquisition IDLE MODE
> B%Weropgi/smg hip 1 Acquisition IDLE MODE
- P hip 2 Acquisition IDLE MODE
= Triggerless hip 3 Acquisition IDLE MODE
= Built-in memory hip 4 Acquisition 'DAQ  IDLE MODE
" 1ms (.5%) 199ms (99%) Y
1% I:Mcle 99% M cycle
Fixed Target
= Embedded electronics ECAL & HCAL & = Embedded electronics outer Muons
Inner muons . ;
» cooling

» power pulsing : DC ~ 10%

Ising : DC ~ 109 i '
> power pulsing : DC 0% = Continuous readout for trigger on

= Triggered - implement a circular buffer auto-trigger

for built-in memory = a priori : No modification needed

= Slight modifications needed
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Costs scaling laws

Calorimeter for ILC

= From ILD Letter of Intend
» Electronics
¢ ASIC: ~0.12€ / channel
¢ PCB ~ 600€/m?
» Sensors:
¢ RPC: ~200€/ m?
¢ uMegas ~ 2000€/m? - early layers ?

» lron: ._
¢ ~120k€/m?3 ' E
= 1 DHCAL (without Fe)
» ©60cm x 30 layers » 33 m?
» 1cm?cells - 33000 x 0.12 + 33x600 + 200x33 = 30k€ (89000 for uMegas)
» 5x5 mm?cells » 132000 x 0.12 + 33x600 + 200x33 = ~42k€ [cost = technology!]

= jnstrumented Fe + 40k for DAQ

» ©100cm x 10 layers » 31 m? + 40k for gas system
» identical prices

Vincent.Boudry@in2p3.fr GRPC form & p's | Fixed targer ion WS | IPNO, 07/07/2011 15/18


mailto:Vincent.Boudry@in2p3.fr

Additional consideration

Calorimeter for ILC

Strips vs Pads
» atlow occupancy » 5mm x10-30 cm strips ?

¢ Electronics cost « (cell size)?

Magnetic field = H1 Toroid ?

Triggering to be reviewed wrt to ILC electronics

» - Circular buffering in chips
» 1 threshold

Streamer mode vs avalanche mode

» streamer - higher signal - simplified electronics - costs

¢ for ex : kPix chips (1024 channels) from FNAL/Argonne
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H1 toroid magnet

. __..1-.*=_3 :
Still in DESY North hal Vertex detector: =
RS “Rmin=0.5 cm Zmin=7.5 cm ﬂ*'
Status to b 120 cm Rmax=3.5cm Zmax=18 cm g =
_Spectmmeter n'=0
"Rmin=1cm Zmin= Zu{iﬂﬂi cm =1
100 cm “Rmax = 22 cm Zmax =120 {I_JDD} c =2
80 cm e | :
60 cm ; .......................
40 cm
20 cm

- _:I-=_|-—I-—|—-L~ 8T e i S — S = :— ;:__ S

—— .| - e —

I LI LI IO B0 o R o LY L B

| ) > . < b o (S0
A
T BET B ! T (S
o0 ™ D = 5
= - Al R : I Hmmn | J-L= 4
P [ - I._ e " Calorimeter Ay>2 cm: acceptance =0
L S TE sy “Rmin=14cm Zmin = 205 cm ==
= - H —thax 41|:m Zmax = 225cm S
I . . n.* €[-0.5,0.5] ey
| 1m 2Zm 3m 4m 5m 6m
@ 150A B=1.76>15T - — Would need completion or

complete re-design
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Summary

Calorimeter for ILC

Gas digital calorimetry is optimal for hadronic pattern shower reconstruction
» insensitivity to neutrons, very high granularity possible.

Gas sensors for DHCAL and DMuons
» GRPC are cheap and reliables but limited in rate

» MMegas are more expensive and require care but unlimited in rate

¢ Combine both for reasonnable cost

Density of sensor layer & granularity require some optimisation wrt density of particle

» identification & tracking of muons
» 1x1cm? done and almost immediately usable

¢ X4 in granularity achievable: perf to be evaluated.

CALICE electronics needs only small adaptations
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