


Electromagnetic calorimetry
- Silicon/tungsten ECal
- Scintillator strip Ecal/HCal
- Scintillator strip Calorimeter in PFA

Hadronic calorimetry
- Analog HCal/SiPMs
- W-AHCAL Shower development
- SiPM Gain studies
- Semi-digital Hcal
- SDHCAL/Arbor PFA

Beam/Luminosity calorimetry
- Radiation damage studies
- LumiCal beam tests
- Ultra compact LumiCal

Dual readout calorimetry ADRIANO
ADRIANO Performance

Scintillator-based muon system
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Calorimeter for JLC
HCal strip
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AHCAL takes D,SDHCAL take
more advantage more advantage
of energy info. of fine granularity.
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| M© AHCAL-Technical Prototype <

AHCAL Testbeams at SPS in 2015

> first SPS test beam with 2nd generation electronics and DAQ
> extensive preparation
=testbeams at PS in October and November 2014
= testbeams at DESY in February, April and June 2015
= tested long term stability of complete setup without beam at DESY

Steel
prototype

> system test: scalable DAQ, power distribution and cooling
> gain experience with variety of tiles and SiPMs

> new physics possibilities due to timing capabilities of new
electronics

Variety of tiles/SiPMs
tested
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> 2016: test of a 15 layer e.m. stack with high quality photo-sensors at
DESY and possibly SLAC: test power pulsing!

> 2017: construction of a big hadronic prototype
> 2018: test with hadrons at CERN

Two beam
periods July,
August 2015
At CERN
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for comparison: SIPMs in physics prototype

2 MHz dark rate, 30% cross talk

New SiPMs
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F. Sefkow,
E. Sicking

Test beam experiments at CERN SPS in 2011

o W-AHCAL (38 layers =5 ;) M _(_35LECE W-AHCAL
(+ TCMT =5 X)) / T

@ 10 < pheam < 300GeV

@ e® beam/ mixed beam p*, n, K=,

p

@ Focus of study: Comparison between

@ Higher energy density in W than in Fe

data and Geant4 9.6.p02 for tungsten

HCAL
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High Precision (HP) neutron tracking needed for tungsten simulation

o FTFP_BERT_HP better than QGSP_BERT _HP for all observables except Ei



The metheod is to adjust V.. when T changes

© The gain of SiPMs increases with V. and decreases with T

© For stable operation, the gain needs to be kept constant, especially in large
detectors such as an ILC/CLIC analog hadron calorimeter with 10° channels
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Studies also carried out for:

- Hamamatsu LCT4 (with trenches to suppress xtalk)

- KETEK SiPM W12

Worked in climate chamber at CERN,

temp stability ~0.2°C

Optical fiber

Mirror

dG/dT Measurements

= this requires knowledge of dV/dT that can be
determined from measurements of d&/dV &

Gain vs Temperature  amv
T T T T T

Gain

Bt 1 I I | 1 L I L
5 10 15 20 25 30 35 40 45

Hamamatsu B2 Temperature [°C]

. v
mrEav

dG/dT
5 a5y
Optical fiber
; bl
N 2

f @ i

Mirror /| \ E'm
,"/“\.\'-'. , SiPMs #80p

N pedes:

150

100
SoF

dV/dTvs T

n
n

dVIGT [mV/C)

g 8 8828 2

dV/dT=(58.15+0.10

+0.51

stat=

Hamamatsu B2 _

asalasesliaasloiialananly
25 30 35 40 45

Temperature [*C]

sys

) mV/°C

. SiPM pe spectrum

» Data
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G = 0.02340 + 0.00013
Giuq = 0.02361 2 0.00016
- == Background ' 0.00416 + 0.00013
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Test of Gain Stabilization

€ Adjust Vi, with regulator board
using compensation of 58 mV/° C
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Gain is uniform in 5° C-45° C T range
2non-uniformity is +0.1%




Readout 1m2 GRPC prototypes (Electronics embedded in the detector)

im? board & 3 DIF HADROC chip  1m? board < 6 ASUs hosung 24 ASICs

J 3072 ch ]

Readout pads

Mylar layer (50p) (1cm x 1cm)

PCB interconnect

PCB (1.2mm) Readout ASIC
PCE support (FR4 or polyurbonlg R HC (Hardroc2, 1.4mm)

‘- Cathode glass (1.1mm) e j j j j ’
Mylar (175y) Ceramic ball spacer (1.2mm) + resistive coating - CALICE Prafiminary RAW data
Glass fiber frame (1.2mm) :"gfsg?ﬁégg":m, = . N
- .
| .l; . o
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0251 i p— 3 threshold

Multi-threshold

J Z wf o A ILD SDHCAL Barrel Module Design
F LA i § _E VA Glass Resistive Plate Chambers
ok . T L . T | senshive __ Stainless still plates
T . Loty s 3 | o= structure up to ~3x1m2
Time Spill, track & density ] sk o ] {absorbers) .
005t correction APPLIED SDHCAL 4 i . 3 15mm thu?.k,
s P %0 0 % e 70 80 90 ok . 3 <1 mm planarity
E... [GeVl E . 3
wfp (@ 3
b 3 Assembled together with
Sy E27,  CALICE Preliminary SDHCAL 3 lateral spacers by weldin
g g ] - ‘ y g
Td.:; o ** ; ] }
_Jp— i
;:; F ) o.n: i b t o
0 T ik (b) 3 Main Differences
RS : 0°90E0 B0 4050 B0 70 B0 60
3 : Eean [GV] 1m3 prototype New Prototype
10 A e = _
p— | i e ~1x1m2 plates ~3x1m?2 plates HRtohRE At weldee
%\ LT 51 plates 4 plates Use of electron beam
L A oy 1§m¢nwﬂ' Bolts Welding

welding

A new prototype with less planes but bigger chambers will be build.
The prototype should be closer to the ILD final design



caues [IITATBOrPFASSORCALTINNNY « v

Provides a dedicated API for Arbor algorithms built on top of PandoraSDK APls.

Match the PandoraPFA package structure :

Particle Flow Algorithm based on hadronic shower tree-like topology.

@ PandoraSDK : toolkit for generic PFA development I
L~
@ PandoraMonitoring (optionnal) : ROOT Eve event display designed for PFA = ;l'
@ ArborContent : the algorithm contents (connector seeding, cleaning, tree associations ...) e
@ MarlinArbor : Marlin processor implementation for ArborContent F B
Incoming
charged
particle T~af [
5‘QE_IIIIIlllll""l""l""l""I""I""I"'l- e | }T“]I
© F ¥  ArborPFA - CERM SPS Aug 2012 E A
Q 8'}5_ * Mo PFA - CERN SPS Aug 2012 N k|
o e s 3 L L L
(® Track-to-tree association TRILE 000N s ’ E
M Association between tracks and trees performed O] d S0 1 ' E
with simple criteria : ey anf rs 3
R E E
@ Distance between a tree seed and track - ki o s P 3 E
extrapolation to the calorimeter front face. ! | F r E 3
N 20F- ; - 3
@ Track momentum - tree energy comparison @ | E E = E / E
K = CALICE SDHCAL Preliminary —J At Tk '/ 3
@ Handling of special cases as early interactions ul ke Akik q F | | | | . | L ! er— ) 3
LU U D O L Em;_ _ x 0:55_ ;_;“-' CALICESDHCALPreIiminary_E
wiosp x . E vaf Y/ 3
g of + LA 3 asf ¢ —— Cnarged parice energy = 10 GeV 3
< o * A * L E . E —-—Cha'gedpam:cleemrgy=2ﬂGe\l' E
— Q05 v v . E 0.2 — drargednam_deenermfaﬂGe\f E
R 1
@ Data : CERN SPS 2012 - August-Sepiember gomoma s mA bbb b oo
o Particles : Eeeon [52V] Distance between showers [cm]
@ Energies : [10; 80] GeV by steps of 10 GeV -
@ "Fake" track generated :
@ P=(0, 0, Epgam)
@ Entry point 2 : barycentre (by, by) of hits inthe 5 i i i
first layers @ Particle flow algorithm development based hadronic shower tree topology for the SDHCAL
—+ 8= (Dx. Dy, Ziront)
_ roto
@ No magnetic field (B=0T) prototype ] ) )
< @ Performance extraction for single particle - OK

@ Performance extraction for two overlaid particles - OK till 5 cm




B. Schumm

 Collal ion
High precision design

Results from the SLAC ESTB T-506 Irradiation Study

END STATION A 3

Motivation

HADRON TARGET

BeamCal maximum dose ~100 MRad/yr
BeamCal is sizable: ~2 m? of sensors. _—
A number of ongoing studies with novel sensors:
GaAs, Sapphire, SiC

= Are these radiation tolerant?

= Might mainstream Si sensors in fact be
adequate?

LCLS

PULSED MAGNETS

Sensor
sample

Embed sample sensors in tungsten:

“Pre-radiator” (followed by ~50 cm air gap) spreads shower a bit before photonic component is generated
“Post-radiator” brings shower to maximum just before sensor

“Backstop” absorbs remaining power immediately downstream of sensor

=» Realistic EM and hadronic doses in sensor, calibrated to EM dose

Dose GaAs
of 90
Mrad
Have irradiated and several Si sensors to as much as 300 .

Mrad, and GaAs to 20 Mrad. .~ Promadation

NF7 Annealing Results

GaAs9 Median Charge vs Bias

Si sensors show fair charge collection after ~3 years i N
X } g ost-Iradiation, ——Pre_lrad

irradiation; of order 0.05W/cm? to bias . SAntinee - e st |- pre-anneal e
38 —+— Pre_Anneal

GaAs charge loss significant at 6 Mrad and substantialat .. ( X " o e

21 Mrad. Significant loss from mild annealing. Explore i e " w e e e o

. =+ 50C
further annealing... N o
SiC sensor irradiated to 100 Mrad; awaiting I-V and CCE aodin e am am me am am aw ok

stu dy Bias
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Optimisation of the design of the
very forward region of LC detector
*  Precision luminosity measurement

Fast feedback and beam tuning
Detector hermeticity

FRONT
Mimosa LT R,
Telescope
FRONT
o
FRONT
L

Mimosa
Telescope

Mimosa Beam

Telescope

@
o
3

LCWS2015

amplitude JADC counts]

ampitude [ADG counts]

A. Levy

Hamamatsu

Test and demonstration, for the first time, a multi-plane operation

of the prototype forward detector system.

T Y T NN

Configuration 1

Configuration 2

Configuration 3

75 / 30k
60/36k

55/45k
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o
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) 40 i
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[
2k 2
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8/38k o 20 R
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©
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layer

to do:
Moliere radius...
Compare hadron, muon and electron runs.

Apply clustering and reconstruct showers for spatial and
angular resolution.

-----------



Y. Benhammou

AT

100Em 320 um- *"E" 150 wm

Current LumiCal modules are based on 3.5 mm thick PCB
: compactness is an essential requirement to provide
small Moliére radius/accurate shower position
reconstruction.

In current LumiCal conceptual design the space between
absorbersis 1 mm!

Easy to mount on tungsten planes

Carbon fiber chosen for
mechanical support

DESY Test Beam
4 planes with thin sensor scotched on tungsten
FEB : APV chip based
DAQ : SRS system, designed by RD51
collaboration.
Silicon telescope : 6 planes with MIMOSA chip
Readout
whole
sensor
(256 pads)

with APV

Plane 4,
Module 21

Module 18 tests @ CERN

Test beam analysis
started



Scintillating and Cerenkov light in OPTICALLY

SEPARATED MEDIA: ->non-homogeneous detector
Use the absorber as Cerenkov component of dual-
readout
Use scintillating fibers for the second component
Control the scintillation/Cerenkov with appropriate
pitch between fibers

2011 - Series of
prototypes
tested at FTBF
Use glass for Cerenkov component — WLS fiber readout

| | ADRIANO2014A | ADRIANO 20148

Scintillation L.Y. 523 pe/GeV 256 pe/GeV
Cerenkov L.Y. 354 pe/GeV 338 pe/GeV

2014 -
example of
23 groove

more than adequate for 25-30%/sqrt(E) calorimetry

Nov. 2015
test Beam |
at Fermilab

T1015 2016-2017 program

Cerenkov, light yield already exceeded requirements for
ILC and for High Intensity experiments

Next big challenge is to find a faster construction
technique to reduce the construction costs

Rolled glass appears to be the most promising

Once the technique is in place, two new detectors will be
built



A. Mazzacane

ADRIANO EM Resolution

B 0.005684 + 0.0005684

@ 0.2469+0.002307 .
B 0.008389 + 0.0006167 Use only Cerenkov light

R ERT

BEER
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ADRIANO for Sid Details (ilcroot simulation) Zoole»alds) invariant ass
-

® Lead glass + scintillating fibers
® ~1.4° tower aperture angle
® ~ 123 cm depth

150
e~5.5 }\imdepth
00
*>70X_depth '
® Fully projective geometry .
® Azimuth coverage o B B R To

mmmd invariant mass (GaVic®}
down to ~2.8°

® Barrel: 16384 towers

® Endcaps: 7450 towers
Energy Resolution -leskage correction- for  [SiD layout 150 cm] [Digits] |

-— 007
BARREL Technology Innerradius____ Outer radius Zmax F e B
Vertex Silicon pixels 3 129 6.25 _ Goes = 0.2614 +0.007781
Tracker Silicon pixels 195 1265 163 Y otk B 0.0505:0.001397
ADRIANO Calorimeter  Dual Readout 151 274 3365 P
Solenoid 5 Tesla 350 - 600 400-650 600 — 720 S oossf
Muon Drift tube 400 565 600 g E
ENDCAP Technclogy Inner z Outer z_Outer radius 3 "
Vertex Silicon pixels 74 217 187 8 oot
Tracker Silicon pixels 281 169.7 1294 E
ADRIANO Calorimeter  Dual Readout 151 336 238 o0af

L 1




Motivation

@ Few tests so far of possible muon-system sensors for future colliders

@ Instrumented area very large and difficult to reach for maintenance —
a reliable and economical solution would be of great advantage

@ Long scintillator strips (up to ~3 m) with SiPM readout interesting
for reliability, reasonable construction and operation costs and
relatively low number of readout channels

@ Measurement of hit position along the strip offers a possibility to
resolve multiple hits and limit position uncertainty

Test setup with reference counter/PMTs
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40

20
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— = 225 mm
m— x = 450 mm

-15

-10
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S. Lukic

o ¥ E
E %F Configuration | Photon yield per muon
¢ " (photoelectrons)
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B 19
9 % 18 C 20
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i 1 3000F -
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1 21
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1 31
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