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CALICE Hadron One active

Calorimeters

Prototypes for an imaging calorimeter
optimised for particle flow algorithm at the
future International Linear Collider (ILC)
« SIPM scintillator tile hadron calorimeter
with 12bit read-out (AHCAL),
(3cm)? granularity
+ (Glass RPC hadron calorimeter with
1bit read-out (DHCAL),
(1cm)? granularity
« Glass RPC hadron calorimeter with
2bit read-out (SDHCAL),
(1cm)? granularity s
The AHCAL physics prototype \<
at CERN and FNAL 2006-2011

Test beam setup CERN 2007: |
« Si-W ECAL
(30 layers)
 Fe-AHCAL
(38 layers, ~ 2cm steel absorber)
« Tail Catcher/Muon Tracker

physics
prototype
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normalized entries

Measurement observables:
visible energy/ energy sum E_ ., and the number of hits above 0.5MIP N,

in the AHCAL

- sectedpons || T~ €VENt selection 10-80GeV
10‘22_ —e— pre-selection * TraCk in ECAL
] « Shower start in first 5 AHCAL layers
10° « >150MIP in AHCAL
15GeV
o Simulation with GEANT4 9.6 patch 1 and
| | Mokka v08_02 software packages
« Conversion coefficient 846keV/MIP
I Hnnn | | = Optical crosstalk 15%
’ 200 e e %« Physics list: FTFP_BERT
~20% of events per run selected - | I Data I\
At high energies E_ ., distributions el |~ FTFP_BERT | _gf
show energy leakage "o

N, distributions show left hand side
tail, due to particles traversing same
cell, limited granularity
MC data comparison: FTFP_BERT 10°
slightly overestimates the AHCAL

response

normalized entries
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CALICE
Fe-AHCAL preliminary
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(16 layers) 30GeV pion cascade sum> and <N, . > taken from Mean and RMS of fitted Novosibirsk
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Analogue Digital Energy "t |—ce« 1| Semi-digital ¢
£ . V 600~ |[[&7] FTFP_BERT E 400~
Energy ; ReCOnStrUCtIOn soof |~ FTFP_BERT i E Energy - N daia
! o . - . o 800~ o  FTFP_BERT
Reconstruction: With Nyt - 1| Reconstruction} N
. £ = ] . 200— . -
with E,,, : « Non-linear response, “t 4| with : c N
HA U due to particles - 7| Npits = Ny#FNEN;
s i traversing same cell ™, E | e
Erec,analogue[GeV] (not Optlmlzed %g_ziéllz.::::é')::::,::::,::::,::::,::::,::::,::::,::; N|= number Of hltS Wlth 0 10 20 30 40 50 60 éseam[('g?gV]
- F + € 0w E granularity for digital 8ot = ", = |+ N,:0.5MIP<E,;< 5MIP
rec,analog ~ ~ECALtrack ' Sum read-out _O_OZ§_ 31« N, B5MIP<E..<15MIP
'77” . . ). g g -0.042— —i o N2 . 15M|P<Et Er€CSD =aN1+/))N2 +)/N3
> sl A o e/1=1.19. hiaher * Linearisation by fitting oo 3 hit ’
S £ [ bats I © e : gl t the mean of N, .. with B0V 1 e @,3 and y: quadratic
g E 74 Tesponseloelection a power law N polynomials of N, v(E  _F :
S E || e |FTFP_BERT ) - than to p|OnS — b hits 2 beam ~— “rec,semi-digital
uf A 1« w=0.02364, < N . >= a- ( E )b rec,digital — \l « Parameters calculated X = E £
i3 e 1 electromagnetic hits beam a by minimising =l pear
" . . céallbratlorl gaBCéC;rG vl Reconstruction on _ _ : | e ?{Vlth an ?ddltl?na|
20%— /‘n" _; ECAL,track_ . e event'by'event _§ ; ; -§ 1o-2§— _é |near|sa IOﬂS ep,
o 1+ Linear response, due basis with fit g I 118 | ;@ nOIT'“r,:ﬁa”t%/o/ .
Joo T to linearity Of Eg, parametersa &b & | & j Smaierihan o7 1S
L S N . §10_3 gm_a 777777777777777 achieved
RN e N Systematic errors: ) ) » Threshold values
ek E. . beam energy, MIP—GeV conversion [ not optimised for
P e w s, | Ny beam energy - © e © AHCAL

Comparison between different
reconstruction procedures

in terms of relative energy resolution

« Resolutions shown after linearisation

Analogue:
* Finest resolution at high energy, with software
compensation superior at all energies

Investigating the advantages and disadvantages of the method
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1+ Software compensation algorithms
weight high density areas of the
shower differently from low density
areas and improve the resolution

* The semi-digital energy
reconstruction weights hits
depending on their energy content

»  Without energy deposits in TCMT, absolute degradation 0.1 and imoroves in that wav the
in resolution of max. 3% at 80GeV p y
resolution
Digital: 0.05
e Achieves 16% at 20GeV §006:_1=11||111_:
e Resolution degrades at |arger energies because of £20.04} .......... ............... "N ' . ................ ................ ................ S _: Future plans:
several particles traversing same cell go_ozf_ ......... VN G W, S + ........................... A . MC describes data. can be used to
LUl = .+ * " z s s = ’
/l\o O:_ .......... U . . + m ......................... *_: Stud analo ue, di ital and Semi_
Semi_Digital: UJ&:O-OZZ_ .......... t':;. + ..... . + ....... ' ._: d| ItZI erfO?manCeg for (1 Cm)2
. Achieves 12% at 30GeV ARSI T W TN W NN M S = Jita’ periorma
+ At low energies better than simple analog reconstruction g ggE i = scintillator tile sizes
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