Dual-readout Calorimetry in ILC Detectors - it s not too late

The point of this 30 minutes 1s to show that dual-readout calorimeters
e are trivially calibrated with electrons at one energy
e are very nicely Gaussian 1n their response
e are linear to the highest tested energies
* have excellent hadronic energy resolution
 can be incorporated into a 4n collider detector
e provide numerous particle identifications
Even the small DREAM module achieves 4% energy resolution that
1s Gaussian and linear.

Remaining work for RD52 towards a 4x collider detector:

e directly achieve 6/E ~ 1-2% energy resolution (larger module, etc.)

e demonstrate that a fiber truncated pyramid works

e use S1PM readout (or another B-tolerant photo-converter; psec collab.)
These three 1tems are approved and funded 1n our DoE proposal

[ will discuss energy resolution, linearity,
41 geometry, SiPM readout, W, and particle ID.

John Hauptman, ILC & more, 16-17 May 2013, Villa del Grumello, Lake Como, Italy
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The brief history of excellent hadronic calorimetry (it’s short):

SPACAL: first “compensating” calorimeter; Pb-scintillating fiber; 20 tonnes; EM
resolution not so good; long integration time to achieve compensation

o/E ~30% /VE “no 1f’s, and’s, or but’s”  (beam module)

ZEUS: nearly compensating; U-scintillator;

o/E ~35%/ \/_ E (beam module)

ATLAS: 1ron-scintillator

o/E ~ 50% / \/_ E ® 3% (4 calorimeter)
DREAM/RD52 modules:
c~4% at 200 GeV "~ (leakage limited) (beam module)
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o/E ~ 1-2%

BGO dual-readout +
ber calorime

200 GeV n" CERN

Note: data are cleaner than
simulation: no tails, no background.

Reason: the DREAM is perfectly
rectilinear; simulation has projective

towers.

Run 1724 200 GeV pi+

DREAM fi

SS’ vs CC’_py

DREAM data
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o/E ~ 1-2% DREAM data: 200 GeV = energy response

160 é_ Entries 13509
= - a) — .
0E | 1 Scintillating (S) fibers only
100 =
80
60—
40 -
20E-
0O - SIO — ‘ ‘250
W0 e 13509 Dual-readout of S and Cerenkov (C)
250 x? / ndf 291.8/158
= Constant 271.4+£3.0
200 Mean 190.1£0.1
1505— w008 fEM & (C/ Eshower -1/ T]C)
100~
S0E- (4% leakage + neutron BE loss fluctuations, and
T T — 55  limited by photoelectron statistics in C)
- . Dual-readout of S and C:
600 Entries 13509
b L, g °’
400;_ 2?233 4§§§§0i(?22 fEM X (C/ Ebeam - / T]C)
300
200
100F- j¢ E=S/[tem *+ (1-fEM)Ns]
0_ .................. ! n L
’ > e = 0 0 (suppresses leakage and BE fluctuations;

optimum for DREAM geometry; 6/E ~ 20% W E)
Data NIM A537 (2005) 537.
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o/E ~ 1-2%

20 GeV
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Final resolution still dominated by leakage fluctuations
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o/E ~1-2% W decay to DREAM

CCj etS”

MW sz :2E1E2(1 — COS (X)
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o/E ~ 1-2%

W - “jet” + “jet” (“qets” are DREAM data events)

/N R S\ Procedure:

1. sample W Breit-Wigner
. Fy 07 T 2. calculate a
TR | Y et 3. align W quarks with beam
[l & : | ] Ls : hodoscope directions
_ . | J o\ 4. take two data events for
meem L — - two beam files, ckomplete
with (x,y) spatial and S,C
measurement fluctuations
(R 5. calculate and plot di-"’jet”
1y = = | mass
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o/E ~ 1-2%
same for the Z Breit-Wigner: superpose W and Z

beam momentum files: (GeV/c)

50+50 50+100

100+100 50+200

100+200  200+200

We will directly test the
energy resolutions at

Ebeam = 80 GeV and 90
GeV 1n our next run.

two-jet Mass —
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Linearity

Hadronic energy linearity

over the whole SPS range, 20-300 GeV/c
(and, therefore, the whole ILC energy range)

e- calibration point 250 GeV ILC beam
| |
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Electron energy scale well reproduced by DR!!
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Geometry
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Geometry From rectilinear module to 4n detector: RD52
(one of the goals of RD52)

[ prefer this fiber arrangement

4th dual-readout
(GEANT4)

~1.5% constant term | // \

on boundaries
],. ..: ], 3 ] , T - ,|, , ] . T -xr > ';:l__-,_}
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Geometry

Main Source of Constant Term: tower shape

C R

Top view of a 45 GeV e shower

Novembe :
‘bauﬂdar

LCWSO08 -C. G4

cor
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B-field tolerant photo-converter

Best candidate 1s SIPM: we will test this on a small dual-readout module

Two solutions: (1) silicon wafer with 1-mm S1PMs
matched to the (x,y) positions of C fibers;
pass-through holes for S fibers to second wafer.

(2) S fibers plug into a “light box™ that mixes and

collects S light; SiPM on edge picks up the light
on successive bounces. Similar box gets the C light.

Two S1PM problems:

(1) noise rate near I MHz 1s a nuisance for calorimeters

(2) after-pulses look like neutrons

Friday, May 17, 13



[ Pb — Cu - W absorbers with dual-readout ]

e On RD52, the Pavia group has  7The RD52
made 9 dual-readout modules  calorimeter
(10cm x 10cm) with Pb December 2012

absorber by extrusion.

* The Pisa group has made two
modules with Cu absorber by
milling.

e We are developing means to
roll Cu into the RD52 absorber
shape.

e Next step 1s to roll a W-Cu
absorber. Funding not secured.
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Fiber-impregnated

Dual-readout calorimetry absorber volume

Sampling fraction & frequency
DREAM SPACAL

Pure Cu Cu + Zn(lO% )

9, lxe 0,
ot o. 90

F4.04 2.5

012345
SCALE (mm)

Fiber pattern RD52

Absorber thickness between sampling layers (Moliere radii):
SPACAL 0.071 DREAM 0.099 RD52 0.027
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Particle Identification Measure these objects to 1-2%,
and you can do anything.

Scalar
(spin=0) Fermions (spin = 3h) Bosons (spin = 1/)
. . N\ ([ D 4 D @ B (G B 4 D\ 2 ™
Inertia 2.55 MeV/c? || 1.27 GeV/c? || 1713 GeV/c? || weak force electro- strong color
maker”’ magnetic force(QCD)
u+2/3 C+2/3 t+2/3 force(QED)
. "wp” | “charm”™  J|  "top” || weak charge electric charge color charge
f D 4 B @ )
125 GeV/c2| | 5.04 MeV/c? || 0.105 GeV /c? || 4.201 GeV /c? 0 (exactly)
0
HO d-1/3 S—1/3 b—1/3 g
13 1 P b3 “ » “ i " “ol o
Higgs | “down” ||  “strange” || “bottom” | L oy
f R 6 B\ @ )
0.511 MeV/c? || 0.106 Gev/c? || 1.777 Gev /c? || 9119 GeV/c? || 0 (exactly)
e = a 0 0
e 7 T Z Y
“ » ““ » ‘ " “Z bo " “phOtOﬂ"
. electron VAN e 2 \& ‘tau v, o \. J
s N B 4 N
1 meV /c? 8.8 meV /c? 50 meV /c? 80.40 GeV/c?
0 0 0 =
| 4 | 74 | 4 W
e I T
\ ) | “eneutrino” ]| “pu neutrino” )| “7 neutrino” || “W boson” i

1 st 2nd 3rd

Generations of quarks and leptons Boson force carriers
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Particle Identification

ID | Physical measurement Partons/particles Subsystems
identified used
‘ AChleved 1n 1|Cuws. S e vs. ™ vs. uF S and C “
test beam
d t 2 [ x* ~ +EN(Ci = Si) /o) EM vs. non-EM S; and C; channels ‘
dald « o
vs. “hadronic
31(S—C)uwvs. (S+0C) [ vS. T fiber S and C' ‘
‘ AChleVed 11 “hadronic” scintillating
. 4| fn ~ En/Egower (MeV S. fibers Sy (?) “
COSIMiC mu neutrons) non- “hadronic” long-time history
teSt data 5 | Spe time duration EM vs. non-EM S fibers time-history ‘
vs. “hadronic”
6 | dN/dz, specific ionization | e—py—7— K —p CluCou tracking ‘
. . cluster countin few GeV region
® Achieved in ( ) ( sion)
Slmulatlon 7 | EM calor + tracking e—" CluCou tracking —I’—
dual-readout calor’s
8 | Prrack = Eealor + Py it vs. punch-through 7 |  CluCou, calor, muon
9|75 — prv — whyy 7 vs. hadronic debris BGO and fiber ‘
dual-reaout, CluCou
10 | Time-of-flight (sub-ns) massive SUSY object | Cerenkov pulses in BG(.
1 and fiber calorimeter
11 | W, Z — 57 mass W, Z vs. QCD 37 CluCou, jet finding,
dual-readout calor’s
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Basic dual-readout: Scintillation vs. Cerenkov | e-n-p discrimination

S =E [fem + (1-fem) ns] ns=(h/e)s
C =E [tem+ (1-TEm) NC] nc=(h/e)c

50

DREAM module data corfrergvyesom ey | 4th simulation

@ E 40—
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- m —
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A F o
I o 25

& £ T
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B E2Di

T =

N 15—

10

________________________________________________________________________________________________________________________________________
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L1 11 | I I L1 i1 I L1 i 1 I | | I L1 1 1 I [ T | I
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Dual-readout: (S-C) channel-by-channel

e-mt discrimination

Chi-squared of S-C fluctuations among the channels of a shower:

2 g — Z(Sk—ck)Q ~ Ek (Sk—Ck)

Chisq(S-C)
Entries 39875
Mean 56.65
BMS 31.7
DREAM
data 2008
M&MMM

XC— O 0.1(Sg+Clk)
' Run 1509 Run 1717 50 GeV pi- | Run 1724 200 GeV pi+
1600— € — SO0 = ™ B
i - 140}
o000 GeV £ 50 GeV E
- m - -
£ E [ 200ey
1200 E E
400— 100
1000
00 3003 80—
6001 & 60_—
0 200 E
400:\ E ‘\. UL
200:—\ Lo \\“% 20—
o;l \‘ba—l ] | 0: | L5 e | ."‘T“w 0_ o |V |
0 20 40 0 20 40 ¢ 0 20 40 60
2
— 2 2
XC-8 Xc_-§ — XC-8 —

80 100

140 160 180 200
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Dual-readout: unique ID for isolated muons

(Cerenkov angle > numerical aperture => zero Cerenkov signal)

Muons and Pions (20 GeV)

S-Q vs (§+Q)/2 : R291 : electron : 40 GeV

S-Q vs (S+Q)2 : R193 : pion : 20 GeV

0

/>\ ::: : ::): % % 3 P . Entries 9827
: - N 10N Meanx  3.295
B MS x Y L T <. |RMS 2.142
- 8 RMSyY 06727 - ad e RMS; 2.786
N ltegral 171 20~ # N o "“,‘_’8".‘?, 9809
T o |
77 B
~ I .\‘-
4 10—
2 M T
C uons “ Muons
B Plllllllllllllllll llllllllll
0LLJJl.llulll.,Ll..L....A.LJJLIIJALli,ll. “T0 R 0 -4 ) 0 2 4 6 8 10
’ 2
1 0 1 2 3 4 5 S-Q

S-C (GeV)

S-C (GeV)
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Dual-readout:

unique ID for 1solated muons

DREAM module, 80 GeV beam

[miegral

BEniries 1242

Mesa x 1216

Mean v ¥ 175
RMS x D S8
RMS v 0983

1215

N =N
A

T

T

h)

Enries: JLEOS

Mean x 1355

Mean v 5712

| BMS x 5. 388
SARMS y 8 48|

S ¥ integeal 3 1T 04

10 15 20

(S-C) —

25 30 35 40
5-Q
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Muon ID by energy balance

Ptrack = Ecalor + Pmuon

Magnetic field of dual solenoid and wall of coils

R(cm)
604
Prrron
402
Ecalor —
200~
Piack
2-F— .
-2 200
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Dual-readout: 5 GeV muons are clean with good acceptance

Muons are clean and
obvious;

Acceptance at 5 GeV
1s good
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Dual-readout & CluClou

ut and u- at 3.5 GeV/c

AR

A X

Muons are easy and obvious
at 3.5 GeV/c.

We can push the muon |
acceptance down to 1 GeV/ec.

This will require fine
coordination of CluCou and
the dual-readout calorimeters.

/7 Cﬁﬁ.'g Iislone S?H'lﬂca Naz”);aiéz 24
INFN TS LA LT Sesy— - F. Grancagnolo. INFN - Lecce --- CLUCOU for ILC ---
| @A — - JBRHA - B
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Dual-readout: neutrons, calculate f, from Spe(?) time-history

Pavia CALOROS8
_hSciSignal | ~ hSciSignal
o Entries  3.121944e+08
;a'° g Mean 1.494¢0-08
n RMS 3.205¢-08
10° i
N (a) Spe(t) 0-350 ns
102 E.—
10 E" t
% . T e
] 1 . L | -— Lo o ix10*
0 005 01 015 02 025 03  0.35
t(s)
. f, 45 GeV pi- | htemp
Entries 40797
1600 Mean 0.07671
o Ll1 RMS  0.02837
1400 — lH
12001 (b) neutron fraction, fn
1000 \ determined from Spe(t)
800 —
600
400
£ L"’%\
ol.A..l PUREEE [ WY S TR W [k - S TR U Y W SR S W N
0 0.05 0.1 0.15 0.2 0.25
fa

n tagging, simulation

We have a fair understanding of

neutrons in both DREAM data
and in the 4th detector.

_f emvsEs slow |
g 1.2
=

< f (c) fEM vs. En
fEM | ' (200 GeV jets)
0.8
0.6
0.4}
0.2
of-
0.2}
_oah-AALll.A;‘LLlAAlL,A‘ P BT PR
“0 B 10 15 20 25 30 35
En(GeV) Es_slow
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. : 0.12
Dual-readout: neutron fraction, f, -
S .
§ 0.10 B
n tagging, DREAM data S 008
3 z
® measur time-histor g __F
es.u§db.y ie-history £ b
of scintillation light = |
¢ = 99 S =
(“hadronic” ID) g 2%
o o Q\\ =
 anti-correlated with the X
R
electromagnetic fraction S
O 1 1 1 l L 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Electromagnetic shower fraction, f,,,
4000 - 300 [ —
& « All data
£ 2500f ) . v 06<f <065 | ]
3 < " « 07<f <.075
g 3000 5 s 08 <f < 085
20 = 2000 .
> g also use this
T o j to improve the
= 3 100y R - hadronic energy
< 1000 S . . .
200 GeV “jets” = 2 : resolution.
I , I : I 0 u-li:n . : bealiniis iassssseanns
D-:I}‘ | 'ﬂ,ﬂzl | 004 . DU{-; | 'D.GBI | IU,I{; . l:I},IE 1500 2000 2500 3000 3500 4000
Neutron fraction Total Cerenkov signal (arbitrary units)
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Dual-readout: time-history differs for EM and hadronic objects

Distribution of pulse full-
width at 1/5-maximum
for electrons and pions

Number of electrons / 0.1 ns

500

400

300 1

200

100

i V
_ Electrons 50 Ge -
‘//
80 GeV in SPACAL
l Pions ]
[l ‘ //'
BRI L -
{ Al M'VWM
d 1 | ! | L 1 L | L Prl-’lll"m"'ﬂ"ﬂﬂJn, L L
12 14 16 18 20 22 24 26 28

FWFM (ns)

80

160

40

20

su [0 / suord Jo Jaquny
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dE/dx by cluster-finding: specific ionization resolution ~ 3%

View Experimental Data file: Run51_He 90CAHI10_ 10 1750 1.root

| Signal on First Channel | | Signal on Second Channel |
> >
OM M 0.02
_0_02:_ pﬂ WW 0.01
-0.04 0
- | -0.01
-0.06
- - . 0
0.08F 0.02 TPC with ~6 Yo
L -0.03 .
e dE/dx resolution
- -0.04
-0.12—
_I 1 1 | 111 | 111 | 111 | 111 | 1 11 111 | 111 | 111 | 1 11 '0.05 111
1.2 14 16 18 2 22 2.\ 6 28 3 32 1. 3.2
us us
| Trigger Signal | \ 19
0.2 E— - |
0.8 E— 24 .

Previous Event| hext Eventl Exitl 2(] [

Measured CluCou clusters on two ‘

different wires: cluster count 1s Poisson : |
(no Landau fluctuations), expect 3.5%

measurement of specific 1onization JE X T

Momentum (GeV/c)

=
TR

Encrgy deposit per unit length (keV/em)

Friday, May 17, 13



Tau ID with dual-readout
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Tau ID with dual-readout
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Time-of-flight with Cerenkov light in DREAM fibers

e~ at 50 GeV

fiber Cerenkov light
o; ~ 0.30 ns

Usable for EM decays
of massive long-lived

objects (SUSY, etc.)

We should work on this:
improve to 0.1ns: Az =2 cm

i Entries 10585
Mean 107.5

- H_’ RMS 0.7612
600 | ‘J
500 . J

ct~0.3ns | |
400 j
300 (
200 —
100 # j[
| T
0 ] L1yl in :—l—"lj_:‘l ! [ TR TN W Y Y TN VNN TN NN WY T N T Y T Y| N

103 104 105

106 107 108 109
ToF(0.4ns bins)
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Dual-readout: jet-jet invariant mass

-t —
-t N
o o

-
o
o

I.III|IIII|IIII|IIII|IIII|IIII

[
% .

2nd boson mass (GeV/c?)
({e]
()

(o]
o

~
o

60

W —137
Z = )]

eTe” — WTW v
ete — ZV70up

-I-LI | | 1 | | | | | | | | | | | | | | | | [ — | |

0 60 70 80 90 100 110 120
1st boson mass (GeV/c?)

stdhepMj1j2WstdhepM|

1j3j4W_signal_numjets4_Evis_i

Entries
Mean
RMS
%2 / ndf
p0

pi

p2

p3

p4

p5

p6

p7

p8

P9

9445

78.69

10

172.626 / 309
-105.563 + 0.653
4.23184 = 0.01217
-0.0501363 = 0.0001116
0.000185769 = 0.000000809
73.115+ 2.002

79.8376 + 0.0754

3.02666 + 0.07596

15.0432 = 1.0438

90.521= 0.218
2.5562+ 0.1833

%o 60 70 80 90 100

11 120

Reconstructed Di-jet Mass (GeV/c?)

30— O /M ~34%/M

—

20

10f

cnunies

Mean 88.47
RMS 7.072
12 I ndf 92.15/56

QL0

Constant 39420

Mean_value 89.92+0.14

Sigma 3.279+ 0.098

|| T

oin_‘_ﬂ.n_‘.n.&m.nnUnr:m;_i it
50 60 70

80 90

7100 110 120

Dijet mass invariant (GeV/c?)
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Fedor Ignatov,

Dual-readout: 6-jet invariant mass. top fit results Budker Institute

hmsum
Entries 21464

| e s | Mass ~ 174.206 +/- 0.059 GeV
B Y e | e ol om  ~ 4.65 +/-0.055 GeV

: : : : : m 174.206 = 0.059
TS A S Vi o o 4.65446 = 0.05528
| | | |: pol0 -208.198 = 3.269
. ¥ : poli 1.74404 = 0.03029
T - ___________________________ pol2 0.00195336 = 0.00019692
: : pold  -1.97843e-05 + 7.29270e-07

500

400

300

200

The experimental resolution of the

100w B S D P A mass 2.7% corresponds to

i i e A oy gt Pl pip s o s i
120 140 160 180 200 220 240 260 om/M ~ 35% / \/_ M
Mass, GeV

which 1s very close to the
expectations based on the DREAM

The overall top efficiency dual-readout energy resolutions.
(probability to end up in the peak) 1s

only 16% in this hurried study for

the Lol. Needs more work on 6-jet

selections and ... b-tagging.
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- - Gianfranco Tassiells,
CluCou tracker: u"u 1mmvariant mass

INEN, Lecce

Mean 121.6

600 v2 / ndf 155.404 / 80

2 - o Constant 292.109 = 12.268

3 - o M, 120.658 = 0.070

O ool— o N O, 0.936555 = 0.065978

N Signalefe Hzz X ‘ B 0.462095 + 0.053938

- | | K 0.119073 = 0.016851

400 __ Signal + Background bkg po 2028.66 + 14.06

: bkg p1 -27.4687 + 0.1411

- bkg p2 0.100546 + 0.000980
300 —
100(—

I: P S TR T (N T TR T TN AT PR (T TR TR TR T A TR W TN WA AN TN WY N SR N S SN T
q05 110 115 120 125 130 135 140
GeV/c?
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Dual-readout & CluCou tracker: e*e invariant mass

Mean 121
2 [ ndf .
800 2/ nd 65.6177 / 80
€ - N Constant  383.509 + 13.532
= B Background e'’e — ZZ/WW / Bhabha
- 0] +
: Signal e HZ e X B M, 1.04595 = 0.05969
600— B 0.543468 + 0.051336
. Signal + Background K 0.140757 = 0.021534
500— / bkg p0 2804.59 + 15.95
- bkg p1 -37.1037 = 0.1622
EM 400 0.131677 = 0.001100
calorimeter i
really helps: 3001 Tl Ay
. | = I L O
sharper signal - =T
B [ |
and lower 200/
backgrounds -
100
T | | | | I_ | I (P | | | | | | | | | | | | | | | | | | | | | | | |
905 110 115 120 125 130 135 140

GeV/c?
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Summary

(1) Dual-readout calorimeters are rich in particle ID measurements

eLeptons: e, mu, tau (dual-readout) & neutrino (subtraction)
* Quarks: uds & t=>Wb (dual-readout) c,b (tagging)
* Bosons: H, W, Z, and gamma (dual-readout)

e Hadrons: pi-zero (by mass), charged pi, K, p (by dE/dx)

(2) Dual-readout calorimeters can be incorporated into 4z detectors

(3) Dual-readout calorimeters would do good physics
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Extras and spares (9)
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Why I don’t believe the CALICE calorimeters are going to work at a collider

W-AHCAL 2011, n
——— 10 GeV
--—- 15 GeV
20 GeV
,| + 25 GeV
mmmn 3() GeV
« 40 GeV
i — 50 GeV
} « 60 GeV
K ﬁﬁ w80 GV

100 GeV

( ©
(]
=
| ] 1 I 1 ] | I 1 1 ] | | 1 ]

0 1000 2000 3000 4000
W-HCAL energy sum [a.u.]

LCD Note 2013-002

CALICE W-AHCAL Test Beam 2011

W-AHCAL of 38 layers

Only very small leakage effects
are visible in W-AHCAL up to
highest presented energies
(here: Poea = 100 GeV)

- Selected only those events
In which the shower starts in
the first three layers of
the W-AHCAL

Leakage effects for very high
energies p, . > 100 GeV or for

events with late shower start
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« Leakage effects grow

W-AHCAL at High Energies

- with increasing energy and

- when accepting all showers no matter in which layer the
shower starts

« W-AHCAL: Shower start < 3
« W-AHCAL: A

CERN 2011 100 GeV

| shower start layers
CERN 2011 1 300 GeV

E ||||||||||||||||

CERN 2011 T 200 GeV

3

2 o5k : 1 2105k _ 1 £ 55<=3, 500 GeV] [all 85, 300 GeV
5107 ¢ S55<=3,100GeV(y & 1V E 55<=3,200GeVI] & | Entries = 20033 | | Entries = 107958
> i Entries = 15697 | 3 5 : Entries = 28463 13 > q# L Mean = 7183.41 | | Mean = 6293.63
0t £ Mean = 2619.03 | 1 @ 10* | Mean = 511681 |y @ F|RMS = 891.12 | [ RMS = 1353.91
= : Ris-27360 |1 : Rws=76480 _[1 o
N 103 L allﬁ.S.. 1_IJEI Gel 4 N 1D3 u aIIE;.S..E_IJEI Ge\ 4 N 103 E'
= 3 Entries = 67023 | 3 = = Entries = 134974 3 =
© : Mean=251851 | ] ® § Mean=450206 | ] @© 0L
E 102 RMS = 45367 | £10? r RMS = 1037.21 | £10°¢
=] 2 1 O 2 i O -
Z 10§ 1 <10 1 < 10

1 . 1 1

LI n L3

2000 4000 6000 8000 10000
HCAL energy sum [a.u.]

2000 4000 6000 8000 100
HCAL energy sum [a.u.]

EIJD[] | 4{][]0 EDDD BDU{}
HCAL energy sum [a.u.]
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Entries/(y entries - 0.5 MIPs)

0 200

CALICE Analysis Note 036

400
W-HCAL energy sum [MIPs]

W-AHCAL 2010, " 1

— 3 GeV
—— 4 GeV
----- 5 GeV
—— 6 GeV
--- 7 GeV
--- 8 GeV
—— 9 GeV
— 10 GeV

W
600

hittps://edms.cern.ch/file/1224616/1/can_note_14June2012.pdf

CALICE W-AHCAL Test Beam 2010

Test beam with
W-AHCAL at CERN PS
at energies from

110 10 GeV

W-AHCAL of 30 layers

Clear pion peak at all
energies in HCAL-only

By selection, shower

fully contained in
W-AHCAL

- Select events with
shower start in very first
W-AHCAL layers (<3)
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Markin, Beijing CALOR

) For one of the two events we move all hits at a studied

—....w transverse distance from their original position, keeping only
hits placed behind the shower start. This event emulates a neutral
hadron (e.g. neutron or K “L ) shower

@ To test PandoraPFA, we overlaid two events
from different runs

@ We used showers with 95% energy
containment in ECAL and HCAL

@ Beam smearing was corrected: every event
was moved to zero XY position before mixing

@ We mapped hits of both events to the top i
octant of the Large Detector Concept (LDC)
geometry

@ The structure of the CALICE prototype and
the LDC are reasonably similar, the existing
difference does not simplify the task for the
program to disentangle sowers

Studied distance

Charged hadron

@ We studied distances between showers
from 5 cm to 30 cm, typical for a 100 GeV jet
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Calormeter for ILL

Markin, Beijing CALOR

ed The probabillity to recover the 10 GeV neutral hadron
energy within 2 (left) and 3 (right) standard deviations

from its real energy versus the distance from the charged 10 GeV
(continuous line) and 30 GeV (dashed line) pion for test beam data
(red) and for both LHEP (blue) and QGSP_BERT (green) physics

lists

Probability of recovering within 2
]
L]

i _ b

B STt |$" |
- *; ; e @

-
B 10-GeV track 30-GeV track -
B — Data ===° Data 7
—— LHEP ---* LHEP -
—— QGSP _BERT ---- QGSP_BERT

10-GeV track

— Data

—— LHEP

—— QGSP_BERT

Probability of recovering within 3o

50 100 150 200 250 300
Distance between shower axes [mm]

30-GeV track
==== Data .
-==-=- LHEP

-=-=-= QGSP_BERT

100 150 200 250 300
Distance between shower axes [mm)]
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Dual-readout in the BGO+DREAM configuration for 200 GeV pi+. Measuring
C allows a simple rotation of this figure, which achieves “compensation”.

Run 1724 200 GeV pi+ S+SB vs C+CB Run 1724 200 GeV pi+ SS’ vs CC’
Entries 38563 Entries 38563
300 Meanx  124.1 300 Mean x 110
S N o Meany  147.9 S B J Meany  204.2
- RMSx  23.06 - RMS x 29.2
250 | e RMS y 23.7 250— RMS y 11.43
200 e 200
150 150
100 100
50— ¢ - e | 50—
= fem=0 L :
0 _ 1 :”:Iv‘: 'I | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I | 1 | 1 1 1 | 1 1 1 1 0 B 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
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Why 1-2%
hadron energy
resolution at
high energies 1s
foreseen

Energy resolution (%)

Energy (GeV)
20 100 oo

15

10

'| L]

e RD 52
A DREAM | 1
E SPACALL 1

A,
N\ = |
LY
u ~ 7
i "‘HH
O " -
- [ effect
L 1 'ﬁ\_.__ —
L M L~ Sm

Single mt resolution

0.20 0.15 0.10 0.05 0

- 1/\E
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Cu absorber with dual-readout
Pure Cu, Cu+ Zn(10% )

|
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Geometry

From rectilinear module to 4r detector:

RD1, M. Livan, CERN-PPE/93-22 (Feb. 1993)

Average signal (a.u.)
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