Status of the Scintillator HCAL
technological prototype

Felix Sefkow

LCWS 2014, Belgrade, October 6-10, 2014



Outline

e Goals and strategy
e Sensor technology progress
e System integration

Test beam
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e Constructed in 2005-06: first
device using SiPMs at large scale

e Now many followers: T2K, Belle2,
CMS, medical applications,...

7608 channels
38 layers
Fe & W

e Extremely robust: 6 years of data
taking
— 2006-7 CERN: Fe with Siw ECAL
— 2008-9 FNAL: Fe with Si/Sci ECAL
— 2010-11 CERN: Tungsten

Many trips with disassembly & reassembly of the
calorimeter:

DESY - CERN - DESY - FNAL - DESY - CERN PS - CERN SPS
... and the SiPMs survived without problems!
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Demonstrate the scalability
— mechanical structure, tolerances and cost
- FE electronics integration, power pulsing
— optical monitoring system integration
- Auto-trigger, zero-suppression and DAQ
— Integration of services and cooling
— Mass production and quality assurance

uided by ILD
ption for SiD

Capitalise on progress from 10 years of
SiPM development

7

- design, production, operation, performance

Additional hadron shower physics studies
- time evolution of showers in Fe and W

- but do not (need to) repeat physics
prototype proof-of-principle
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AHCAL groups in CALICE

Uni Bergen . 7

DESY € (i Hamburg

Uni Wuppertal
Uni Heidelberg .
v \ '~ Prag
Northern
lllinois Uni Ol MPI Miinchen

CERN

Uni Mainz

Google

>

Tokyo
Matsumoto,
Japan

thanks, Katja!
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Scintillators and SiPMs



SIPM improvements

e Dynamic field, driven by medical
applications (PET)
— commercial use requires uniform

devices, too, and moves to larger
channel counts

— SensL quotes 0.25V bias spread for
several 100,000 devices

e 1€ per piece not unrealistic
- Hamamatsu, SensL

e Improved performance in today’s
prototypes

— today’s sensors (Russian, German,
Irish, Japanese) have 100x less noise
than in physics prototype
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Benefits

e Device uniformity: dramatic aoof
simplification of commissioning 250 4 HBUs
procedures ol | >500bcr;anne|s
e Many degrees of freedom become C;“berai?sn

obsolete

— no need anymore for bias
adjustment to equalise light yield

50

- no need anymore for pre-amp T TR T TRl e e
compensation of SiPM gain
variation " Yeinp HBU21S ' F o
- no need anymore for channel-wise *@ &) empvanation 7k
trigger thresholds o 31 [ Sensors
2 — Sensor 6
£
e Low noise: auto-trigger works :
g |
e Higher over-voltage possible - ol )
reduce temperature dependence ) xsfsest"
0 20 40 6 8 100 120 140 160
Time [minutes) ars
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e The AHCAL
e 60 sub-modules
e 3000 layers

e 10,000 slabs
e 60,000 HBUs
e 200°000 ASICs

e 8,000,000 tiles and

Scintillator HCAL technological prototype

e One year

e 46 weeks

e 230 days

e 2000 hours

Felix Sefkow

e 100,000 minutes

e 7,000,000 seconds
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no WLS fibre individually

CPTA, KETEK or wrapped;
Hamamatsu KETEK sensors
sensors

e Simplification, industrialisation

e Blue-sensitive sensors: eliminated WLS
fibre and reflector
— Direct coupling - from side or from top

e Integration of sensors into PCB Northern Illinois

e Megatiles interesting alternative for mass Hamamatsu sensors,
assembly on PCB surface
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HBU sample spectrum

SiPM and tile characterisation

e Automatic set-up for up to 212 tiles
e 12 ch. parallel UV light an read-out
e 40 min / HBU

ADC

Entries 30797

Mean anz
400— RMS 60.78
Integral 2.879e+04

300—

200—

100—

000000000000

Heidelberg

20 e “ apc view of production db.
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System integration
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Mechanical prototypes

e Horizontal and vertical test structures built
— used cost-effective roller leveling - no machining

e Tolerances verified: 1mm flatness over full area
e To be used for integration studies, test beams

— and earthquake stability tests

Scintillator HCAL technological prototype

started dynamic simulations
of full detector structure

Felix Sefkow

-

LCWS Belgrade, October 6-10, 2014
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e Basic unit: 144 tiles, 36x36cm?

e 36 ch. SPIROC2B ASICs, power pulsed
— self-trigger, 16x memory, ADC
e embedded LED system

e compact design
- 5.4mm incl 3mm scintillator

"

Felix Sefkow

e

LCWS Belgrade, October 6-10, 2014
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e HCAL base units:

e ECAL base units

improved LED drivers

2 versions for surface-
mounted SiPMs

fully exploit synergies
with HCAL
also 144 ch, 4x smaller

different versions for |
pe_1ra||e_| or tr_ansvers Baseline
trip orientation

surface-mount versi
with adapter board

wedge

FE=a S

Flex-leads Flex-leads Flex-leads
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Data acquisition

e Based on EUDET- PC
Run Control <— TCP/IP or UDP
supported CALICE el i
DAQ 2 System Setup Kes
e Data transfer via 11 $
Ethernet and HDMI 6 Intranet
—— Top CCC
- USB as back-up g — N
. ﬂggi, Clock Source
and for debugging sl | [Fastomps
e Distribute time 2" vconf'gwaffon
stamps and control XLDA | ;
signals for auto- < | Pe
triggered front end iy g
HCAL| 4
e (Collect and decode M «— XLDA | Switch | PC
nterface Data Acq.
zero-suppressed HeAD L=l 5\, /]
"+ <« XLDA J '\» PC
" HL > Configuration
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CCC: Clock and Control Card

e New version by Mainz, also used
by Si ECAL

i) Y 5

- A

e LDA: Link data aggregator
o 2 types:
— Mini LDA: generic

— Wing LDA: adapted to HCAL
geometry

Wlng LDA: central plece + 1 wmg
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DAQ commissioning

Kintex Run Control
AXI
ASIC DIF Zynq Slow Control
PL @ PS
—p Tested CCC Storage
— > Tested partially
— =P Not tested ‘o>
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DAQ integration

e Foreseen for integration into

common framework ==
e Easy switching between stand- | o v
alone and combined running System Sotud M
e Close cooperation with ECAL T S
. 3 6 Int t
group in Kyushu . [Topcce e )
e Applications . |
— SIECAL + AHCAL o] configuration
- Hybrid ECAL {epcc| [xwoA |2 4
»| [Fanout | |Fanout | [ """ PC
'HUB L ,
| y Ecar| | | [RGAL 4 ~ |
PC Switch | GDCC[+— M «— XLDA | Switch PC A2
—> %—\ /—> |—|Inrerface :tECAL HCAL:= W‘ 48\ /—>
] = .. M |
P \_,| GRCC— ~_«—{xpa| /X [PC |-
F Configuration E'- AR ”L= . Confyuraton
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e 3 voltages: FE, LED, SiPM
e Distribution box for full sector

T T
4 f=

e More compact supply units
under development (JINR)

A——
——
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With power pulsing, very
little heat produced in
the stack

Interfaces need cooling,
though

— power regulators

— FPGAs on DIF

First version for full
sector test beam

More compact and
leakless system planned
(AIDA-2020)

scalable

Scintillator HCAL technological prototype

Gebrauchsanleitung
NaRkiihler

Achtung: 2 Stunden vor Zapfbeginn

Felix Sefkow

in. Betrieb nehmen !

LCWS Belgrade, October 6-10, 2014




PS user schedule for 2014

Test beam

: issue date: 17-Jun-2014 Version: 20  [TJLHC Exp. [JPS/SPS Exp. [JINT Exp. [EOther Exp.
Jul Aug Sep Oct Nov Dec
Week |27|2s|29|3o|31|32|33|34|35 36|37|38|39|40|41|42|43|44|45|46|47|48 49|50|51
line
T8 - Irrad
T9
T10
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2013-14:

- e.m. stack, 10-15 layers,
~2000 ch

2015-16:

— hadron stack w/ shower
start finder

— 20-30 ECAL and HCAL units,
~ 4000 ch

2017-18:

— hadron prototype, 20-40
layers, 10-20,000 ch

Gradual SiPM and tile
technology down-select

Exercise mass production and
QC procedures

Felix Sefkow

Scintillator HCAL technological prototype
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Getting real

Beam

e Test beam at CERN PS in Oct and Nov/Dec 2014
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e Test beam at CERN PS in Oct and Nov/Dec 2014
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Getting real

uwm-—_-_——_n-_u-— : -
_ﬂ—_ﬂﬂﬂ_ﬂ—ﬂ-l_

Test beam at CERN PS in Oct and Nov/Dec 2014
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e Test beam at CERN PS in Oct and Nov/Dec 2014
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e Test beam at CERN PS in Oct and Nov/Dec 2014
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o All layers work

e DAQ being debugged while
running on USB fall-back

e Ready for take-off
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Summary

e Recent progress in SiPM development
- simplify design, construction, commissioning, operation
— improve stability
e New prototype to address system integration
— mechanics and tolerances
— FE electronics, tiles and SiPMs
— auto-trigger and DAQ
— power distribution and cooling

e Start test beam data taking with 10+4 layers now
e Remain open to integrate further improvements
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Back-up
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At the ILC, must separate hadronic W and 3™ 7
Z line D+ and Ds at Belle = | RESEEINEHNY
E1OO_- SRR H o
Famous “blue plot”: study strong electro- gof-.i+ii:isEaiE et
weak symmetry breaking at 1 TeV RS
- WWvVV, ZZvV production 60
— but this is not the only one 50 80 100 120
m,/GeV
$2000 [T
H - WW*, ZZ* (total width) 5 | Tow @)
B i
H—cc, Z— vy 1500 :”I W ]
Chargino neutralino separation oooF By b orersusy -
500 i 5 wy %”’*. ]
In contrast, multi-jet final states like ttH : ' e
are rather insensitive of : ]
_ o _ 40 60 80 100 120 140
— jet finding dominates Fitted boson mass / GeV

Scintillator HCAL technological prototype Felix Sefkow

LCWS Belgrade, October 6-10, 2014
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Events/GeV

W Z separation

tth-6g-hbb
T L B B LR B
' ©) ' . — AHCA
600 |- -
| { 00T i|MH| — SDHCAL
Lo .-
. | | _
! . I ‘ )l reconstructed m,,
200 | d o02F / | inttHevents
- - - \ (8 jets)
: . [ ﬁrﬂ"h
0 S . 0J'...l.....!ﬂ_....l....l....
60 80 100 120 0 100 200 300 400 500
M,/GeV W mass (GeV)
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Felix Sefkow

Scintillator HCAL technological prototype

AYAV BN e altT= =t
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e For the reconstruction of invariant " __ Particle Flow (ILD+PandoraPFA) ]
masses, it is not sufficient to have the [\ = fieroriconsmtem -
best calorimeter % nEGe) @ 30% '

e But energy resolution does matter %_ 6

- dominant for jets below 100 GeV u\;%
— helps in track cluster matching :
ZEUS 2 |

Events

Particle flow

10 ."‘llllllll

10 - ¢ ZEUS 496 pb™ —

_ ] had energy
ns } . resolution
2 \ Lyl 4 rmseo 21 oo o 6. 004E
Tt TR B . ‘

40 60 80 100 120 140
M, (GeV) -1.0 -03 0.3
35%VE ® 2. 1( R ) (i) (L) %
for pions, 1825 3.5 100
6 GeV for Z calo intrinsic, tracking, leakage, confusion

SE_Mosigna.+b.g.> 1 For scmtlllator I
.. Fit(bg) Ny = 15070 N opt|m|ze mdependently 0 100
6_ —

200 300 400 500
Ejet/GeV

energy
and topoloay

containment,
constant term
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Depth
s T T T : ' '
% 2. ® 45 GeV Jets
z = 100 GeV Jets
m i 4 180 GeV Jets
B ® 250 GeV Jets _|
0.6
e
U)S | SRRt i ------- >3
e 5 o
77‘,‘,7 : eg—— W—
04 7 ‘ |
0™ "0 0 e
30 40

ILD optimisation

Based on Pandora PFA

Extensive studies done for the LOI
AHCAL design parameters in plateau region

Cost optimisation postponed

50 60
Number of HCAL Layers
Scintillator HCAL technological prototype

Granularity
b
5_"'|"'|"'|"'|"'|'
o 45 GeV Jets |
i =100 GeV Jets I
45 0180 GeV Jets >
. i * 250 GeV Jets
X L
B 4L -
E -
> L
o L
E 35 B .
3 .

0 2 4 6 8 10
HCAL Cell Size/cm

reflects shower feature size
rather than particle separation
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e Short barrel (2x 2350 mm) _,
_ ot ,/ ‘,-x

- big endcap R = 3190 mm

o 8-fold symmetry
— 16 sub-modules

e 6 A deep, 48 layers x 2 mm
- R = 2058-3410 mm
—- 8000m?

e Cracks filled with steel
e Embedded front end electronics
e Accessible interfaces

s

= ‘/ h/. \\\\\\\ \
16 AHCAL end cap top tower \

7=

cap bottom tower

: r"“;.//////A
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AHCAL cost drivers and scaling

o4 -fraction e ILD scint HCAL total: 45M

e 10M fix, rest ~ volume

e 10M absorber, rest ~ area
(NLayer)

e 16M PCB, scint, rest ~
channels

e 10M SiPMs and ASICs

DBD costing is far from final, but
much better than anything before o Not cost drivers:

Yet, many lessons learnt from 2nd ¢ Scjntillator 1.5M
generation prototypes e ASICs 1.8M

What are the real cost drivers at e Interfaces 1.4M
present? '

What are the scaling laws?
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Performance

e Essentially all ILD DBD analyses were done with the AHCAL
e Dead regions, interfaces, services included in simulation

—~ 10— 77 f : :
X F . 45 GeV Jets . e Further optimisation possible
—~_ F — °© 100 GeV Jets s .
w-sf Z47uds " 180 GeV Jets d e Dependencies are smooth

S o 250 GeV Jets o

S 6 Z e Fold in cost scaling
= b e e New degrees of freedom
Ml = = e ==_, % i
W e : e sampling (Niayers)

> 2f . : .
St : e varying granularities
o [ I B B PR

0O 0.2 0.4 0.6 0.8 1 ‘ s————1

lcos(6)| . For scintillator, optimise ‘

| energy and space resolution |
e Further improvement possible! _ independently — §
e Implement software compensation

— most efficient and most relevant at low energies

— but could also help in re-clustering stage to reduce confusion
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Beyond jet energy resolution

e ILD and its calorimeters have been optimised for jet
energy resolution using particle flow

e Particle ID is under-exposed

e Indirect impact on PFLOW performance
e Direct impact on other physics analyses

— isolated leptons vs hadronic background

- leptons from heavy quark decays,
e e.g. for calibration of vertex based b,c tag efficiencies

No picture

e Combined detector studies:
e Electron pion separation : ECAL and HCAL
e Muon pion separation : (ECAL,) HCAL and tail catcher
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Calibration

e Cell-wise equalisation: MIP Lo o T il I
e Saturation correction: gain — R
e All SiPM properties depend .
on one parameter T 5 om0 U RO vinceners
SignallADC] <—>14 ADC channels
- AV=V'Vbreak-down(T) _ ,..GA.HY,....,....,
X 0_04:_ CALICE Preliminary _:
. . ] '6' __ W-AHCAL 2010 . 1
e Needed time to find right 8091 Afer comoton -
procedures | noclimate | & Op T ;
- some limitations from test ﬁ control §‘°-°2_‘ _ ]
bench data — 0.04F aun 0 Twtranee T S
ol CALICE | " . LR
- large spread of SiPM W %ﬁi 006F st
g [ R 0 10 20 30
parameters Eon; } %ﬁﬁf% W-AHCAL layer number
e Guidance for future ; Hﬁ}%}ii After layer-wise
developments Of W-AHCAL layer 6 #4% | correction stable to
. e . | slope = -0.030 = 0.001 0
- e.g. gain stabilisation e ne |1 | better than 0.2%/K

| | | |
20 22 24 26
Temperature [deg. C]
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gain

SiPM response

Avalanche Geiger
mode mode
105¢ —
1
Ubd

Ubias

>

O
N

o]

g

5

)

S

©

o

t

>
[$)
8 Geiger mode
[&]
5
o LT /’
O
&0
‘D
&
0
Upd
Ubias
76r
* 30 °C
g 25"
75 “g *15°C
E 6l 10 =E
T4r £ -20 °C
O 4+
73r al

| | | | | |
20 10 0 10 20 30
Temperature (C)

74 76 78 80
Bias Voltage (V)

e X = X(AV), AV(T) = Vbias - Vbreakdown(T)

Scintillator HCAL technological prototype
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Calibration: look at full chain

e LOI validation: IDAG triggered study  macksegmentsinz - uas ato12cev

of required precision and luminosity g S
for calibration =4 2
e Using track segment finding % %
established in test beam showers 20 g
10
e Studied also impact of systematics 0 20 40 60
due to calibration uncertainties on 2 half HCAL
single particle and jet resolution e ]
e \ery insensitive to single channel “ . * “
effects %1:- ¢ d * %1:? I T A
e For averages, statistics is not an issue 5o T CbeTiEs wr oE oo
0 e IR geremenovmasmes
e Test benches: “Precision” = § o AL ;
measurement accuracy or device-to- *"f,, ., ] TR,
device non-uniformity o L e

Calice Analysis note 18 and ILD note
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Layer cross section

Electronics height: 17mm max
Reflector Foils Slgxlead i 5
Polyimide Foil -mm connector Robust Interface \ DIF, CALIB and POWER
X UV LED \ Conne&tor mezzanine cards
f \ o e \ \\ |
non- P L . ~7 .5Imax
absorber O 16
material: S0
} 2.5 g
S.4mm |77 LI\ / ) BN |
LaaEn — = T EE— —— e — L
‘ ; J |76 * ~75 iN0.5
SPIROC2 " jof—100 /
in cutout . d \ Central Interface Board-
S Cooling Fips CIB (1.7mm thick)
Tile with Sipm _ HBU, 0.9mm thick Cassette Bottom Plate

(Printed Circuit Board) (Steel, 0.5mm thick)

Scintillator HCAL technological prototype Felix Sefkow

CIB socket (~2.4mm)

LCWS Belgrade, October 6-10, 2014
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What we plan to measure

First testbeam period

EUDET steel stack

Second testbeam period

Muon calibration data for central tiles

Tungsten stack

Cross-check muon calibration

> Configuration:

EM showers: verification of energy calibration
HAD showers: correlation of hit times

> Comparison of hit timing in iron and tungsten

 First 11 layers including 3 EBUs (shower start finder)

* 4 full layers (2x2 HBUs) (hadronic shower measurement)

Position 1 > 3 4 5
in stack
Layer

6 7
(= DIF_ID) 1 2 3 4 5 6 7 8

i 129 133 137 125 141 145 149 153
Chip-ID:

1p-bs -132  -136 -140 -128 -144  -148 -152 -156

1" 12 21 31
12 13 14 15
169 185 201

-184 -200 -216

217
-232

HLTran - AHCAL technical prototype overview - FLC group meeting 22/09/2014
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