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Description

Semi-Digital HCAL Motivation

Particle Flow Approach (PFA) require high
longitudinal and transverse granularity in
calorimetry for precise JET measurement

It implies a highly segmented sampling
hadron calorimeter (HCAL)

Digital calorimeter (DHCAL) can provide ,
fine segmentation (1 cm2) ;i
e 1-bit readout system el /

e Enough for pattern recognition & muon ID

e Energy estimation — Hit Counting
— Saturation effect @ high energy

2-bit readout = 3 thresholds —
Semi-digital HCAL (SDHCAL)
e Can correct the saturation effect &
improves the energy resolution @ high
energy
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SDHCAL 1m? technological prototype

A technological prototype has been build to validate the SDHCAL concept.
e Size : 51 stainless steel plates 4+ 48 detector cassettes — 1 m3
e Sensitive medium

o Gaseous detector : GRPC (Glass Resistive Plate Chamber) of 1 m?
e Gas: 93% TFE, 5 % COs, 2% SFg¢

e HV :~ 7 kV in avalanche mode — Rate up to 100 Hz/cm2

e readout pads 1 x 1 cm? — ~ 450 k of channels for full detector

o Efficiency > 95%

Radiator : 50 % 200 mm stainless steel — ~ 6 A;

e See Gerald's presentation for more details

Yacine Haddad ( LLR ) First Results of the SDHCAL technological prototype 22 avril 2013 4 /26


mailto:haddad@llr.in2p3.fr

CERN SPS TB & Data Taking

Test beam

e Test Beam periods & statistic

May 2012 : 2 weeks @ SPS H2

o August & September 2012 : 2 weeks @ SPS H6
e November : 2 weeks @ SPS H2

o Totally : > 400k of 7w, > 1M of p

e Beam setup

e Beam energy known with AEycq0m/Epeam ~ 1%

o Low rates ( lose efficiency when rate > 100 Hz/ch)

e Beam shape and rate monitored by the wire chambers and PM's respectively.
( Only run with R < 1000 particle/bunch train)

o GRPC set-up :

e The MIP (minimum ionizing particle) induced charge ~ 1.1 pC
e The threshold set at 114 fC, 5 pC, 15 pC (0.1; 4; 12.5 mip)
e No gain correction (All set to 1)
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CERN SPS TB & Data Taking

Trigger-less mode

e Records everything coming into the
detector until the memory is full

Reconstruction

10°

# hits

2

o Power pulsed mode according to the

beam bunch train time Structure 1 ! NWWWW“‘!

10000 20000 30000 40000 50000

for SPS : 10 s every 45 s

200 ns clock tick

GRPC almost noise free
~ 0.35 hits/200 ns for the full detector

The physical event is built as follows :

e Determine the peaks on time
spectrum with Ny, >7
e Take hits with t,c4% 200 ns as

physical event
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description CERN SPS TB & Data Taking Particle Identification Summar

Event Quality Control

e Online control :
e Monitoring during the run
e Chip occupancy — chip noise
o Efficiency by layer

e Offline control :

¢ Noise out physical event measurement

o Coherent noise
Electronic noise due to grounding problem in some layers
Easy id — hits concentrated on one layer
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CERN SPS TB & Data Taking

Detector performance measurement

e Use muon reconstructed tracks

e Reconstruction steps | el o
e Hits clustering in each layer using nearest ~- o
neighbor clustering
e Center of gravity of hit on each cluster o s
= The position of cluster I SRR
e Isolated clusters are dropped 06} T 004962 00001
e Track reconstruction based on x? minimization sk
e Only tracks with ol
x2 <20

Netuster <1 0 10 20 30
Npit(cluster) <5

40
Layer id

e Efficiency & multiplicity estimation s
o Efficiency = presence of at least one hit within
2 cm-radius around the projected impact point
e Multiplicity = number of hit
e This estimation is done for each layer using the
clusters of other layers to reconstruct the track o0 m

1f T 01.727 £ 0.000

40
Layer id

8
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Particle identification (PID)

To study the hadronic showers & reconstruct their energy = select the hadronic
shower variables based on the topology, density and nature of the event
e Topological
e Principal component analysis (PCA)

Principal axes are computed = eigenvalues A1, A2, A3

A1 < A2 < Az with A\; = o(hits) on axis i

Transverse ratio TR = (A1 ® X\2) /A3
o First interaction Plane (FIP)

PCA applied to each plane p = A1 p, A2

The 15" interaction layer corresponds to A1, ® A2, > 1.5 cm and N}, > 5

e Density
layer

e Vi= Zlayer N25y /Nhit

with Né‘;y” = number of hit in 5 x 5 pad around the barycenter
o Vo = FD3p/In(Np;t)

FDsp = 3D Fractal dimension
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Particle Identification

PID : Muons rejection

e Transverse ratio TR > 0.1 = 98% rejection of muons

10
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Particle Identification

e/T separation

e V-V, variable gives powerful electron
contamination rejection
¢ Negligible loss of pions @ HE
o few % of e~ residual contamination
E <20 GeV
e Variation of the cut with Fyeqm :

OO B SN
i | B

Ebeam(Gev) cut ( Vi-Va ) .
5 0.065 L]
75-15 0.06 <o
20 - 25 0.055
30 - 40 0.05 éIf
50 - 60 0.045
70 - 80 0.04 :
o Leakage reduction = =l v
e FIP < 15 = removal of late i S
interacting hadrons ; - ;
o Npit(last 7 planes)/ Ny (first 30 £ . ¥ &
planes) < 0.15 B T S !

ViV, Vi Ve
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Energy Response

Binary mode : energy response

e Binary mode = Hit counting (pure DHCAL) 16001 .
e 2 functions tested for N};; mean estimation Z saoof- E E
e Gauss fit in range o — fig (a) oo slope=176:007Gev* o 3
e Crystal Ball (CB) fit — fig (b) 1000 . 7 h
e Saturation observed for Epeqp > 30 GeV o] To@ ]
= non linearity o0~ :
e Can be corrected by a quadratic function 4001~ 3
® Ereco= (CJr D- Nhit) - Nyt 200? CALICE PRELIMINARY ’;
TR ARy~ Fores ]
X o ]
s 4 1
A
010 20 30 40 50 60 70 80 90
o : Epeam [GEV]

1 Gauss fit 2 CB fit
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Energy Response

Binary mode : linearity & energy resolution

® C & D are determined by x2? minimization

. N (B _gi )2 S T %5/
with x? = ZZ event (l’wg,zir"") & %OF PO 0.99 348
beam _“9 80
. . o7 8 T F
® linearity restored (~ 5%) W _oF  SDHCALbinarymode o
® Energy resolution = o(F)/FE 6ok
(o(E) = width of CB fit) E
50—

o flat resolution over 50 GeV

=}
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Multi-threshold mode

e 2 additional thresholds = V,;; on each threshold

e 274 &, 37 threshold hits are fired in the heart of shower
= Additional information

= T T T T T T = T T T T T T
X ®E  cauce preliminary E X ®E cauce preliminary E
wf- E 3 E
.
oE- E oE- E
= . M . - & = I3 E
o5t Y 111 L TR TP
o A ""lﬂw!". !! LT e <BhIgftneit- E
of RN L E oE : E
0f- . E oE- E
20 . = 20 =
10E- E 10F- E
% 5 & % T o % 5 & 140 T o
Z(em) Z(em)
> ®E CALICE Preliminary [T > ®E CALICE Preliminary E
wE- IEE wb- E
oE- E oE- E
wof- E wof- . E
s0E- = SOE- 34 a3y MO E
= : BT T I ;
30E- = oE © - E
20 — 20 . —
0E- E 0E- E
% 5 % % W ] % 5 % % W E
Z (cm) Z(cm)

80 GeV Pions 70 GeV Electrons
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Energy Response

Multi-threshold mode : energy response

e N; = number of hits for Thr; B ‘
. 2 L[ e N, e
e The total number of hit £F Piind . 1
S1000 | » <N, > . 3
Npit = N1+ Ny + N3 UL s ]
€ 8001~ CALI CE prel i minary . |
e The reconstructed energy § F . 1
= 600~ -
® Ereco= N1+ N2 +vN3 w0l . E
° 767’\/ = f(Nhit) 200f- . ® R
o Parameterized as quadratic function of Eafl L]
. A’1[1 Z‘D * SB 40 50 60 7‘0 B‘D
Np;t is chosen Epean (GEV)
e Same minimization as binary mode
e CB fit on the F,.., i =
[Pzoce - é CALICE Preliminary —_— B
o H

N I R e W o T
‘SDHCAL reconsiucted energy (GeV) SDHCAL reconstructed energy (GeV) R R T A N

200 400 600 800 1000 1200 ' 1400

Nhit
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Energy Response

Multi-threshold mode : linearity & resolution

X Tndt w0271 e Linearity < 5% over full range
po 0.992

=
S
@
@
9

e Significant impact on the energy
resolution
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Binary vs Multi-threshold

e Raw resolution (untuned calorimeter) in

3 ny ! . .
g 1 two modes Binary and Multi-threshold
\8 035; CALICE PRELIMINARY {
e 1 e Raw performances = no pattern
o3 E recognition
C . SDHCAL binary mode ]
0-25; i 4 SDHCAL multi-threshold mode E ° Response to single pions
02~ E e electron and muon rejection
o5k b L . E e leakage reduction
ot T e Visible improvement of resolution for
i P
F E Ehyearm > 50 GeV (o(E)/E <10% at
0 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 ;0 80 GeV)
Epearn [GEV]
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Summary

Conclusion

The CALICE technological SDHCAL prototype using 48 GRPC with its 6 Ay
was successfully tested @ CERN

e Power-pulsing was the running mode during the 2012 TB— optimal condition
on temperature, noise

e Preliminary results without local calibration/correction

e Multi-Threshold mode brings significant brings significant improvement
© Eb:zu,m > 50 GeV

e Comparison with simulation is ongoing
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Back-up slides
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Beam Conditions

e Beam of 7, e*,  at CERN

o 2 weeks in May 2012 @ SPS line H2
7t : 20, 30, 40, 50, 60, 70, 80 GeV
e~ : 10, 20, 30, 40, 50, 60 GeV
1 dedicated runs

o 2 weeks in August+September 2012 @ SPS H6
7t : 5,75, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 GeV
w dedicated runs
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Example
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Charge threshold scan

e Threshold scan for efficiency and X
multiplicity. oo

Q
ue,)

e for each run, the value of the
threshold 1, 2 and 3 are changed
in the same time for different
chamber (3 chambers each).

Jvem

Threshold | chamber no
tl 6, 18, 30
t2 10, 22, 34
FIGURE: istribution of the multiplicity on function of position of
t2 14' 26' 38 reconstructed onDth: :adt. e ity on funct fpostt '

e The colors corresponds to the scanned threshold.
e DAC vs Q is not linear at the end of 1st and 2nd threshold.

Yacine Haddad ( LLR ) First Results of the SDHCAL technological prototype 22 avril 2013 22 /26


mailto:haddad@llr.in2p3.fr

Charge threshold scan

e The polya function :

6
° P(g;0,9) = (¢9E2)" exp{—¢1E2}
® ¢ : mean charge.

~ e ‘ e ¢ : width of P.
< M .
= o8 e The measurement of efficiency vs the
i threshold means that you're integrating the
06

charge spectrum as (polya-CDF function),

ch'r
I} 6 0.8277 + 0.0099 . —
— e(qthr) =€0—c¢ p(q;0,q)dq (1)
0.2 j c 0.3389 + 0.0013 0
: 23 0.97 +0.00 \
wn 3 L L L *
o f

04l 9, 5563x0011 .

€¢ is the detector efficiency when the
threshold on 0 pC' and c is the
normalization constant.

oo F 3
OF e et F o

(Emeas ~ Efit)

005 E-
02 o mebmbobddbb e dem bl S

015 E
10

! G, (o€
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Shower statistic

Ebeam [GeV] # of m's showers
5 9504
7.5 15074
10 20406
15 33405
20 78391
25 59495
30 53179
40 48720
50 76566
60 38917
70 30893
80 32964
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Binary mode response (DHCAL mode)

+20 Gaussian fit

Pi20GeV - SDHCAL NHIT

20 GeV 7's

PI60GEV : SDHCAL NHIT

60 GeV 7's

©8000) o
8 35054 £ 0.23 B 3500 mean = 97524 £ 0.71
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8 8
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ol \ oo
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Crystal ball fit

Pi20GeV : SDHCAL NHIT

[ 226720022
Zro00f 35079 0.2
& nth = 0,821 0.052
g0 sigma = 53.72+0.15
Ssoo0f- X NOF = 3.75
Géo0oE- CALICE prel i nary
@
3000 E|
2000~
1000

Number of Hits

Pi60GeV : SDHCAL NHIT

‘1000

200 14
Number of Hits

Falpha = 165320031
mean = 972.80.+ 0.6
Entn = 3022018

sigma = 11211 053

X/ NOF = 3.64

CALICE preli ni nary

, ,
100 200 300 400 500

0
Number of Hits

1000

20
Number of Hits

Yacine Haddad ( LLR )

First Results of the SDHCAL technological prototype



mailto:haddad@llr.in2p3.fr

Binary vs Multi-threshold
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