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Digital Hadron Calorimeter (DHCAL)

Concept of the DHCAL

* Imaging hadron calorimeter
optimized for use with PFA

* 1-bit (digital) readout

* 1 x 1 cm? pads read out individually
(embedded into calorimeter!)

* Resistive Plate Chambers (RPCs) as
active elements, between steel/
tungsten

Each layer withanareaof ~1x1 m?isread
out by 96 x 96 pads.

The DHCAL prototype has up to 54 layers
including the tail catcher (TCMT) ~ 0.5 M
readout channels (world record in calorimetry!)
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DHCAL Construction

Signal pads

G10 board
Mylar
Resistive paint

0.85mm glass
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DHCAL Data

Muon Trigger: P
2 x (1 m x 1 m scintillator) L I
) yT
Z
Secondary Beam Trigger: y X 7
2 x (20 cm x 20 cm scintillator) J
X
y
Z

Nearest neighbor clustering

Event:
Time stamp, Cerenkov/muon tagger

bits

Cluster:
XY,z

—_— —_—

X, Y, z, time stamp




Calibration/Performance Parameters

Efficiency () and pad multiplicity (p)
Track Fits: « ™

Track Segment Fits:

specifically for muon calibration runs o for online calibration

Identify a muon track that traverse the
stack with no identified interaction
Measure all layers

o Fit to the parametric line: x=xy+a,t; y=y,+a,t; z=t

A cluster is found in the measurement layer
within 2 cm of the fit point?

Yes w‘
e=1 e=0
Hu=size of the found cluster No p measurement
2 : : 2
Z 18] CALICE Preliminary Track Fit ~ 18 CALICE Preliminary Track Fit
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o Identify a track segment of four layers
with aligned clusters within 3 cm
o Measure only one layer (if possible)
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5 - pick

4 - pick

3 - pick

2 - pick

1 - measure

18 - pick
17 - pick
16 - measure
15 - bad
14 - pick
13 - pick



Calibration Procedures

RPC performance

Average efficiency to detect MIP: g,~96%
Average pad multiplicity: p,~1.6

RPC,
H _ Lot 1y
calibrated ~— i
i=RPc, € U;

Developed due to the fact that a pad will fire if it gets
contribution from multiple traversing particles regardless of the efficiency of this RPC.
Hence, the full calibration will overcorrect. Classifies hits in density bins (number of

neighbors in a 3 x 3 array).

3. Hybrid Calibration: Density bins 0 and 1 receive full calibration.



Density-weighted Calibration Overview

. . Warning:
Derived entirely based on Monte Carlo This is rather

COMPLICATED

Assumes correlation between
Density of hits <+ Number of particles contributing to signal of a pad

Mimics different operating conditions with
Different thresholds

Utilizes the fact that hits generated with the
Same GEANT4 file, but different operating conditions can be correlated

Defines density bin for each hitin a 3 x 3 array
Bin 0 — 0 neighbors, bin 1 — 1 neighbor .... Bin 8 — 8 neighbors

Weighs each hit
To restore desired density distribution of hits



Density-weighted Calibration Example:
10 GeV pions: Correction from T=400— T=800

Total number of hits: pi10 thr = 800

Average Correction Factors: Nhits(2)/Nhits(1) 280 Entries : 10000
260+ Mean : 102.72
:] Rms: 18.941
147 2407
22071
121 o A
200
180T
107 e
& ° ° ® 160+
8T e 140+
g ¢ ¢ 120+
06T 100 T
04T 80T
60T
02T 40__
20T
0.0 } } t t : : . : | 0 Aot s aafe ! . . . } pa oo , 1 , ,
0 1 2 3 4 5 6 7 8 0 20 40 60 80 100 120 140 160 180 200 220 240 260 j280
Density Bin (0 - 8)
. . Total number of hits: pi10 corrected with d9 factors v
Total number of hits: pi10, thr = 400 P =
— Entries : 10000 2607 RN 1800
Mean: 102.84
Mean: 128.56 2407 .
2007 Rms: 23594 220+ Rms: 18.738
1807 200
160 1801
140 160
1207 140+
100 120
& 100
80
607 60-
40 40
20 20
0- T T T T T T e t } 0- e sacat—a—i t t t t
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Mean response and the resolution reproduced. .

Similar results for all energies.



Density-weighted Calibration:
Expanding technique to large range of performance parameters

GEANTA files

Positrons: 2, 4, 10, 16, 20, 25, 40, 80 GeV

Pions: 2, 4, 8, 10, 10, 25, 40, 80 GeV _ .
7. Density bin 3

Digitization with RPC_sim . .
Thresholds of 200, 400, 600, 800, 1000 (~ x 1fC) jgj: o . 2> GeV
YN
Calculate correction factors (C) .
. for each density bin separately zﬁ ) i : .
 asafunctionofeg, w,gpand yy(i:RPCindex) |, = N —
Plot C as a function of R = (g.1.)/(g,1,) R = (&;1)/(go1y)

— Some scattering of the points



Positrons

Pions

Density-weighted Calibration:
Empirical Function of €, W, €, I,

03 20
R =€i lui

e 03, .20

Calibration factors

Calibration factors

7. Density bin 3

. 25 GeV

08T

0.6

= R={(g)/(gny)

n: Density bin 3

0.5-4
0.4

y I
t t
0.6 08

R = (5i0'3ui1'5) /(800'3},L01'5)



Density-weighted Calibration:
Fits of Correction Factors as a Function of R

Powerlaw (' = aRI/j
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Fit results for p=pion, similar results for p=positron
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Mean Number Of Hits

Calibrating Different Runs at Same Energy

4 GeV 't 8 GeV et

90— Tfullcalibration uncalibrated data 140; full calibration uncalibrated data
gsk_| %%/ ndf 30.92 /10 || %2/ ndf 117.1/10 135 x*/ nof 434.2/7 || x*/ ndf 144177

C | PO 59.95+ 0.2131 || p0 60.55 + 0.2213 130§ p0 109.2+0.05545 || p0  113.3 1 0.05783
80 -

C | %2 / ndf 27/10 - | %/ ndf 3514/7
75 p0 58.28 + 0.2042 %125:_ p0 108.6 + 0.0555
70F- hybrid calibration | j 5120/ ybrid calibration

: . L ¢ . 8 - " " - . .
o ErE— : - ; 5115~ L R—
60 :-_i ‘ - . 5 110 :_ . L] . .

. ¢ ¢ ) g
55 105}
50 :_6 ? v % , Y Y 100;'_ v v v e 5 v v

: ) t Y ? ' o - . A
ssf CALICE Preliminary | 95f- CALICE Preliminary

s 2 Fe-DHCAL
40 g F?-DHCAIF‘ | | | | | | | 90 sl | | | | | | | |

60004, %0009, %000, %007 ,5001 5,505 . 8007 5 %0014, %0014, 500, 4, 50075, 600082 600083 600084 600197 600198 600202 600203 600204
RunNo RunNo

Uncalibrated response (0)

Full calibration (3) (Offsets applied to the values for better visibility)

Hybrid calibration (-10) 12



Comparison of Different Calibration Schemes

v*>/ndf of constant fits to the means for different runs at same energy

400 10° ¢
—&— uncalibrated data E
350 :
= full calibration -

300 density-weighted calibration 10°
os0f-| —* hybrid calibration ;

CALICE

IIIIIIYTIITTIITIIIFTIIIITIIIlTllllTllll

200 -IC 2 10k
Preliminary ® F

150 Fe-DHCAL -

100 1}
it f

50 ,\\ . v CALICE Preliminary
- Fe-DHCAL

o ’ ._/ "‘Y e 1 0-1 1 ! L Ll il 1 A 1 PO T N |
10 10 107
Energy (GeV) Energy (GeV)

— All three schemes improve the spread
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Events/Hit

Particle Identification (PID)

0. Cerenkov counter based PID (good for 6, 8, 10, 12, 16, and 20 GeV)

1. Topological PID: Starts with the trajectory fit (used for 2, 4, 25 and 32 GeV)

400

= CALICE Preliminary | NHits all
= Fe-DHCAL " A
) ‘ b, Entries 37310
E w»‘ 1 Mean 2125 16 GeV
300 L o ; RMS  38.85
250 { [\h ” NHits_pion_PID ||| ]
E 1.“ | i Entries 29480
200¢ ( JI' : Mean 221.3
E | |
ssob (dl ) RMS  37.78
E A \ [
100 — Ar y !
I P \
! ¥ l
‘f Y |
% 100 200 300 400 500

Number of Hits

Visually inspect the positron

events in the ~10% excess in the

topological PID

= They are positrons

- 10 % compatible with the
inefficiency of the Cerenkov
counter

— Topological PID works nicely!

Topological Variables

Interaction Layer IL: If there are hits with a AR between 1.5 and 20 cm with respect to the
trajectory point in two consecutive layers i and i+1, the interaction layer is identified as j-1.

Nz
Longitudinal Barycenter: Average z-position of the event: LB = E (sum is over all layers).

S

. N,
Average cluster size: 4C = —1fis

Clusters

Last layer with at least one hit: LL

2
7.
Lateral shower shape: R = = % where r; is the distance from the trajectory line and N is

the total number of hits in the entire stack.

Roo: 90% confinement radius measured with respect to the trajectory (i.e. 90% of the hits in
the event are contained in a cylinder of radius Rqg Where the cylinder axis is coincident with the
particle trajectory).

- - |2

Er

i —Tsc

Compactness Index: where 7, is the position vector of the hit and 7, is the

position vector on the trajectory at the longitudinal barycenter. The sum is over all hits.

Ny : (Number of hits within 10 cm) / (Number of hits within 20 cm) of the particle trajectory.
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Linearity of Pion Response: Fit to N=aE™

1000
E | x%/ndf 18467.54 /11
900 | a 16.02+ 0.02 o
gooE- | M 0.96+ 0.00 2
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2600 | m 1.00+ 0.00 | g=*
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. o
100 o
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0 10 20 30 40 50 60 70
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Uncalibrated response

4% saturation

Full calibration

Perfectly linear up to 60 GeV (in contradiction to MC predictions)
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1 — 2% saturation (in agreement with predictions)
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Resolution for Pions

2 | ndf . :l 2 | ndf 2502517
05 X 2502517 0.5 X 05
- o 066+ 0.00 “ o 066+ 0.00
[ c 0.04+ 0.00 N c 0.04+ 0.00
0.4 ey » 04 —’\ 0.4
x2 I ndf 160.35/7 B .
- . - uncalibrated data
| uncalibrated data o 063+ 0.00 - {
r full calibration i
r C 0.04+ 0.00
0.3 W 0.3— wos3
I .. w r .. m
[ CALICE Preliminary © [ CALICE Preliminary 3
o Fe-DHCAL o) Fe-DHCAL o
[ i, s ... .
0.1 Mh.w-_:-..“.__:__ 0.1_— o 0.1
G." | s aalassaaly TR NN NN 0>1111l"11111'"1111111111111111111
0 10 20 30 40 50 60 70 0 10 20 30 40 5 6 70 G
Energy (GeV) Energy (GeV)
Calibration

Improves result somewhat
Monte Carlo prediction
Around 58%/+E with negligible constant term

Saturation at higher energies

— Leveling off of resolution
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Summary

O First DHCAL built and tested successfully
O Calibration of the DHCAL is not a trivial process

O High granularity allows utilization of various topological variables

Concept validatead both
technically as well as from
the physics point or View




