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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 with an areaof ~1x1 m?is read
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
|
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[~ Fishing line

G10 board
Mylar
Resistive paint

Resistive paint
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DHCAL Data

Muon Trigger: 111
2 x (1 m x 1 m scintillator)

Z
Secondary Beam Trigger: y . —_—v

- 2 x (20 cm x 20 cm scintillator) J
X

Nearest neighbor clustering in each layer

Event

Particle ID: Cerenkov/p tagger bits
Hit: x, v, z, time stamp —

—

Cluster: x,v, z




Calibration/Performance Parameters
Efficiency (€) and pad multiplicity (u)

Track Fits: « N Track Segment Fits:
specifically for muon calibration runs o for online calibration
Identify a muon track that traverse the o Identify a track segment of four layers
stack with no identified interaction with aligned clusters within 3 cm
Measure all layers o Measure only one layer (if possible)
o Fit to the parametric line: x=x,+a,t; y=y,+a,t; z=t i
&
rr 5 - pick
A cluster is found in the measurement layer s 4 - pick
- o - 3 - pick
within 2 cm of the fit point? [ 2 - pick
Yes W [r 1 - measure
e=1 e=0 #
u=size of the found cluster ~No p measurement P ﬁgﬁi
$ )
20 : . 2C - f 16 - measure
2 18f CALICE Preliminary | "ackFit . 18F CALICE Preliminary Weaok Fit —+— 15 - bad
&‘-’5 1.62 Fe-DHCAL —— Track Segment Fit ;; 1_52 Fe-DHCAL —— Track Segment Fit T 14 - pick
o 14 g e 13 - pick
8 120 e —— T e ]/
E o.af— - - __‘..-" M 3 {).8; .’”?
= C - 5 c _**
£ osf = T osf -
T b muon . s ... 8 GeV secondary beam
TS eaf
T R R R L R R >

Layer Number Layer Number



Calibration of the DHCAL

NhitsiNhits(400): muon, pion, positron

15+ ® muon 32 GeV: Relative response (to Thr 400)
\ ® pion 16 GeV: Relative response (to Thr 400)
147 4 positron 16 GeV: Relative response (to Thr 400)
13T \\
RPC performance e s
i e Simulation
. . 10T
Efficiency to detect MIP & ~96% ol s
Average pad multiplicity p~ 1.6 0'8__ “"‘:??T?t::;:::tr:tjj‘a___“_
Calibration factors C = ep .l T
06 f f } } f f } f } } } t t } f t t } t
- 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1,000
Equalize response to MIPS (muons) RPC_SIM readout threshald

RPC,

3 Eol
_ 0/*0
Hcalibrated _ Hi
i=RPC, &Ml

Full calibration

Calibration for secondary beam (p, *,6%) H; .. Number of hits in RPC,

If more than 1 particle contributes to signal of a given pad
— Pad will fire, even if efficiency is low
— Full calibration will overcorrect ‘

J. Repond - The DHCAL 6




Calibration Procedures

RPC,

Eol
_ 00
calibrated ~ Z H [

I=RPC, Eil H; ... Number of hits in RPC,

1. Full Calibration H

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 T

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

1.4+

1.2

1.0

0.87

067

0.47

0.27

Average Correction Factors: Nhits(2)/Nhits(1)

0.0

2207
200
1801
160
140
1207
100+

Mean response and the resolution reproduced.
Similar results for all energies.

4
Density Bin (0 - 8)

Total number of hits: pi10, thr = 400

Entries : 10000
Mean : 128.56
Rms: 23594

| |

100 120 140 160 180 200 220 240 260 280

2807
2601
2407
2201
2007
180T
160
140
1201
100

80T

60T

401

201

Total number of hits: pi10 thr = 800

N | |

Mean :
Rms :

Entries : 10000

102.72
18.941

A

260
2407
220
200
1807
160+
140+
1207
1007

100 120

180 200 22

Total number of hits: pi10 corrected with d9 factors

PN | |

0 240 260

\4

280

Mean :
Rms :

Entries : 10000

102.84
18.738

| |

|

100 120 140 160

180 200 220 240 260 280




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

GEANTA4 files

Positrons: 2, 4, 10, 16, 20, 25, 40, 80 GeV
Pions: 2, 4, 8, 10, 10, 25, 40, 80 GeV

Digitization with RPC_sim
Thresholds of 200, 400, 600, 800, 1000 (~ x 1fC)
Calculate correction factors (C)

. for each density bin separately
* asafunction of g, W, €,and y, (i : RPC index)

Plot C as a function of R = (&,1;)/(g,11)

— Some scattering of the points, need a more
sophisticated description of dependence of
calibration factor on detector performance
parameters

15T

14T

13T

121

10T

08T

06T

04

n. Density bin 3

® . 25 GeV

T
04

T T T } T T T T T T
0.6 0.8 1.0 1.2 14 1.6 1.8 20 22 24

R = (g;14)/(goM0)

Only very weak dependence on energy:
Common calibration factor for all energies!




Density-weighted Calibration:
Empirical Function of g;, ., €, U,

3/7?0
e %3%0

Positrons

3/7}5

Pions

,0 %)3/7%5

Functional dependence of
calibration factors depends on
particle type!

(Due to different shower
topologies: Different density
distribution leads to different
impact of performance)

Calibration factors

Calibration factors

n. Density bin 3

. 25 GeV

06T

R = (&13)/ (€okto)

n. Density bin 3

0.5-4
04

t t t
0.6 08 e

R = (Ei0.3uil.5) /(EOO.3M01.5)



Fits of Correction Factors as a Function of R

Density-weighted Calibration:

Powerlaw (7= aRb
P

(7}
B 2 Yindi  0.02458/17
O T T Erob 1
O 1.8F p0 0.4080 + 0.05045
@O, F \ p1 1.343+ 0.1482
L FeF P2 0.7385+0.05426
: AN
 l4F =
= Izi \\X ;
"d [; Ly Sl i
o3k m—
S r hu
S 0.6F 3
O 4f 3
O™k 3
Ul» ..... —
X 0.5 Rl.S 2 25 3
T+
NN [ B T2
oFf \ Prob 1
+-1.8F po 0.9305 £ 0.006934
Ul E \ p1 0.5746 +0.01617
(ol-6F 3
Ll af =
Ciaf ]
O’ 3
=R A e
O sf . -
QL)(] F \ B
o F " —
Qo4¢ ]
Oyt =
0 05 RI.5 2 25 3
(%] T+ 7
C 2y £ ndf o 0.0006691718
o :\ Prob 1
4o 1.8F L4 1.01+0.001382
O, (F \ el 0.2729 + 0.003115
O F \ E
Ll j4f \ B
Ciaf :
O I: 7
= E i E
Cost e E
eﬂ.ui =
S E 3
00.47 -
Oozf =
T Lot S ra—
Rr[+

Fit results for p=pion, similar results for p=positron

P T YT P I [
Fy Prob 1 EY Prob 1
181 p0 0.9299 + 0.006033 1.8F PO 0.9343+0.005432
160 \ pl -0.63 +0.01409 16F \ pl -0.6212 + 0.01255
14F A E 14 3 ]
120 3 12F =
lf \\ f 1E \ ~— =
0k \"{... : n.s; -
0.65 — 6F W r— =
£ 3 E ———]
04f — 04F .
02f 3 02E E
3:.“ L s ] 00'-..\..H..HI.H...\.ZS....-}
0 0.5 1 15 2 25 : g
Rn+ RT[+
2 windf  0.004028/18 T ——
_:u T T T T T T Prob 1 ;\ Prob 1
1.8 PO 0.9823:0.003467 1.8F po 1.002 £0.001958
160 Pl -0.4628+0.007832 16E \ P 03671 0.004404
14F \\ E
12F =N 3
1E
0.8F
.f,: ........
[)_45 .......................
[)2: ....................................
O-I 1 i I i 1 il i i i 1 L i
o L e % 035 13 3 73 3
Rrs Rt
——— $indf  0.0001669/13 [T —— T 6467005118
Prob 1 E Prob 1
po 1.011+ 0.0006843 18F po 1.007 + 0.0004245
p1 40.1652 + 0.001556 16E pl 0.0316+ 0.0009722
3 1.4§\ E
= 120 N =
= 1 S8 3
e —— : :
= 08F =
E 3 0.6 E
.................. S 3 04f =
02F =
T I S S S Y T B S e
3 33 3 0 03 L3 2 23
Rn+ RT(+
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Mean Number Of Hits
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Calibrating Different Runs at Same Energy

4 GeV t*
full calibration uncalibrated data
¥ | ndf 30.92 /10 || »* / ndf 17.1/10
p0 59.95+ 0.2131 || p0 §0.55+ 0.2213
22 | ndf 27 110 n
p0 58.28 + 0.2042

hybrid calibration de nsity-weighted

calibration #

9 T
g T L, .
SN i s
_ T Tt T
—  CALICE Preliminary +
-, FeDHCAL ., ., .,

Eﬁ%pﬂ%r %%F?sﬁm”;%ua% r;h%lm%r!: %?&5 Eﬂ'ﬂ';&ﬂ
RunNo

Uncalibrated response (No offset in y)
Full calibration (+5 offset in y)

Hybrid calibration (-10 offset in y)

140

8 GeV e*
- full calibration uncalibrated data
:_ x2 f ndf 43427 2 [ ndf 1441 /7
- | p0 109.2 + 0.05545 || pD 113.3 £ 0.05783
= [ %2/ ndf 351.4/7
3 p0  108.6 £ 0.0555 || p
- hybrid calibration density-weighted
e . LE_lllblE.itIDI'l
— ¥ | = i -—
- . . . .
,:_ ¥ ¥ b ¥ ¥ ¥
- CALICE Preliminary Y
- Fe-DHCAL
- | | | | | | |
GO0082 GOOCEY  GOOOB4  GODMGT  GOO1GE  GOO202 AOO03  BODGOM

RunMo
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Comparison of Different Calibration Schemes

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

400,
E —#— uncalbrated data
350
N & full calibration
300 :_ density-weighted calibration
ESDi— *— hybrid calibration
200} CALI(?E
. Preliminary
150} Fe-DHCAL ,
N [ \
1ﬂﬂ __ /Ill .........
501 R
N ,.'/ .-'; "“"-F'J‘x -
ols —T e {_a-rf;! .__.‘-_ ¥ 7-*
Erlgrgy (GeV)

10°

10°

CALICE Preliminary
Fe-DHCAL

Eljigrgy (GeV)

— All three schemes reduce the spread of data points: Benefits of calibration!

No obvious “winner”: Similar performance of different techniques
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Linearity of Pion Response: Fit to N=aE™

1000 .
¥ Indf 18467.54/ 11 )
900 | 5 16.02+ 0.02 s
oot | m 0.96+ 0.00 L
= 2 P e d
So00E. | X°/ndf  4540.34/11 e
= a 1440 0.02 o
2600 | m 100+ 000 | g
T ¥
o 500 uncalibrated data _‘..r'h
5 full calibration &
3 A
gdﬂ[}
Z x
T300 s ..
=] CALICE Preliminary
r
200 . Fe-DHCAL
100 ‘;".-
3
AR EEEEE RN N PO I A I I A
I:II[.‘! 10 20 30 40 50 60 T0
Energy (GeV)

Uncalibrated response

4% saturation

Full calibration

1000
F |42 /ndf  18467.54/ 11
200 |a 16.02+ 0.02
goof- | ™ 0.96+ 0.00 A
= F P
& 700 F g
= F #
2 600
T [ &
Osoo wncallbrateddata
E 400 o
=z - .
o i ..
200~ e CALICE Preliminary
00f o Fe-DHCAL
-
T'rl 11 L Ll I L L 1 I 1l Ll | I
% 10 30 40 50 60 70
Energy (GeV)

Perfectly linear up to 60 GeV (in contradiction to MC predictions)

/Hybrid calibration

1 — 2% saturation (in agreement with predictions)

1000
F ¥ Indf 18467.54 /11
%00 |a 16.02+ 0.02 -~
800 |m 096+ 0.00 o
= - - o
S700f [27/naf 550291/ 11 »
< [ |a 1484+ 002 -
L] — L
£500E | m 099+ 0.00] o
o] s00f- uncalibrated data aa"‘
T ' hybrid calibration
£ A
E 400 a
] _,l
& 300 l-“"
© e .
200F & CALICE Preliminary
i & Fe-DHCAL
100F o
e
[}hjl- 11 | L1 I 11 141 | I 111 | | 11 1 1
0 10 20 30 40 50 G0 70
Energy (GeV)
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o(E)E

Resolution for Pions

5 i z
o5 y2indf  25025/7 050} ¥2indf 250257 05 y2indf  25025/7
[ o 066+ 0.00 :i a 0.66+ 0.00 o 066+ 0.00
L C 0.04+ 0.00 | L C 0.04+ 0.00 E C 004+ 0.00
[ . p— 04 ;ﬂ - :
0-4'_ alib dd K/ ndf 1603577 i uncalibrated data ' 04 uncalibrated data x* I ndf 158.93/7
= ”“Ic l.mte_ ata | 0.63+ 0.00 - lensity-weighted ! ) hybrid calibration | g 064+ 0.00
[ full calibration C 0.04+ 0.00 - 3 ) C 0.04+ 0.00
0.3 w 0.3 w 0.3 : :
L . w I .. ]
E CALICE Preliminary g [ CALICE Preliminary T CALICE Preliminary
0.2 Fe-DHCAL 02} Fe-DHCAL 0.2 Fe-DHCAL
L - i . ey
0.1__ h“‘-.h_“-: ““““““ :‘H o1 = -‘".'."'-'_"!':"""'.‘.---,-_I.--.__., 01 h%‘-v;,nr'-.—.‘.-»,“._rg'___*_.“!vm
G' | [l l 1 1 i T L1 {}h —_— - s I S I 1Ll I 11 I.—I. | I | I L i I | (| I Lii|
0 10 20 30 40 50 &0 70 (4] 10 20 30 40 50 80 70 05 10 20 20 a0 50 80 70
Energy (GeV) Energy (GeV) Energy (GeV)
Calibration o(N) a«a
Improves result somewhat N W E

Monte Carlo prediction

Around 58%/+E with negligible constant term

Saturation at higher energies

— Leveling off of resolution
— see next talk on software compensation 16



Summary CALI(eo

 Calibration of the DHCAL is not a trivial process
L Calibration improves both linearity and resolution

[ Calibration not final yet (use of better digitizers)

DHCAL concept valicatee both
technically as well as from
the physics point of view




Backup



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

ggAgI;g:Lreliminm ] NHits_all
350& & ‘ | Entries 37310
= w* '1 Mean 2125 16 Gev
3"”E JL ; RMS 3885
250% | r‘.h i NHits_pion_PID ||[NHits_pion_Cerenko
E 1.” I Entries 29480 ||| Entries 30240
20% ( K‘ i Mean 221.3 ||| Mean 220.4
150 A | RMS _ 37.78(|RMS _ 37.66]
S i ; |
100 — {
E ' y
) il \
! [H L‘
:E ....--“‘ﬂ g i
% 100 200 300 200 500

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, which was > 90% for
most energies

— 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 i-1.

Nz,
Longitudinal Barycenter: Average z-position of the event: LB = 2 (sum is over all layers).

SN

. N,
Average cluster size: AC = " Hity

Clusters

Last layer with at least one hit: LL

rms

?"—2
Lateral shower shape: R = EN—' where r; is the distance from the trajectory line and N is

the total number of hits in the entire stack.

Rgo: 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 Rgg where the cylinder axis is coincident with the
particle trajectory).

-

2|ri_rﬂ(‘
N

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

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

Ny : (Number of hits within 10 cm) / (Number of hits within 20 cm) of the particle trajectory.

20



