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Fibre and Direct readout Modules
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1-6 GeV e* beams into
Central & Uniform regions

Been tested on 2007 using X projection = *

6 GeV e*, center injection LIl
At DESY, 1%t prototype had

hEr
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less EM shower leak,
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Uniform region (all violet squares)
little shower leak
less effect of non-uniformity




arbitrary nomalisation
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Resolution on Systematics : Breakdown

Source Configuration Region 6 smehastic S constant
MIP calibration F-D Central + 0.01 +0.02
Uniform + 0.02 + 0.02
D-F Central + 0.01 + 0.02
Unif 0.02 0.02
mitorm =552 5 Reasonably small
Temperature correction F-D Central + 0.02 + 0.01
Uniform + 0.04 + 0.02
D-F Central + 0.01 + 0.02
Uniform + 0.02 + 0.02
Cross-talk correction Both Both + 0.03 +012 | |mproved in 2nd prototype
Single pixel signal Both Both + 0.06 +0.17
Effective pixel number F-D Both + 0.19 1+ 042 |=> Non'tri\lial
D-F Both + 0.01 + 0.07
Total F-D Central + 0.20 + 047
(not including Uniform + 0.21 + 047
beam energy spread) D-F Central + 0.07 +0.22
Uniform + 0.07 +0.22
Beam energy spread F-D Central  +9 . *86s Derived from the e*
(assumed to be 5%) S .
Uniform  +0_ 0 beam : Not easy to estimate
D_F Central  +0 o The beam momentum spread
Uniform  +0 +0 precisely
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Systematics : Optical cross-talk

Source Configuration Region 6 smehastic S constant
MIP calibration F-D Central + 0.01 +0.02
Uniform + 0.02 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Temperature correction F-D Central + 0.02 + 0.01
Uniform + 0.04 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Cross-talk correction Both Both + 0.03 +0.12
Single pixel signal Both Both + 0.06 +0.17
Effective pixel number F-D Both + 0.19 + 042
D-F Both + 0.01 +0.07
Total F-D Central + 0.20 + 047
(not including Uniform + 0.21 + 047
beam energy spread) D-F Central + 0.07 +0.22
Uniform + 0.07 +0.22
Beam energy spread F-D Central ir*]i_ﬁﬁ J_rgﬁﬁ
(assumed to be 5%)
Uniform f?.aﬁ 1-252
D-F Central fg_ 80 fﬂ_ 45
Uniform +0 +0
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light cross-talk between adjacent strips

vy

Mega-strip structure: strips not perfectly isolated

. CALICE ScECAL preliminary
3 r fiber /. tri
seldcted|strip| go.u — e, i
2 — selected strip
transvorre nefighbour (1) §o.12 = ]
; ; - i —— transverse neighbour 1
trarjsverge nefghbaur (2) IOOk at Slgnal £ 01— )
; T L ——— fransverse neighbour 2
< 50.08— 1
1 When MIP hltS - l” ‘H longitudinal neighbour
. : 0.06— |
i adjacent strips |+ 1|} —— other
%W
) 400 500 600 700

ADC counts above pedestal



measure xtalk across each strip boundary
correction of cross-talk

in each layer, define matrix with measured xtalk probabilities (~10%)

I cross-talk matrix

use this matrix to unfold the
cross-talk

sirip number
i ok WA WA
WAoo

The Mega-strip structure had been
Replaced with separated strips
after 2nd prototype.
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Systematics : Single Pixel signal

Source Configuration Region 6 smehastic S constant
MIP calibration F-D Central + 0.01 +0.02
Uniform + 0.02 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Temperature correction F-D Central + 0.02 + 0.01
Uniform + 0.04 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Cross-talk correction Both Both + 0.03 +0.12
Single pixel signal Both Both + 0.06 +0.17
Effective pixel number F-D Both + 0.19 + 042
D-F Both + 0.01 + 0.07
Total F-D Central + 0.20 + 047
(not including Uniform + 0.21 + 047
beam energy spread) D-F Central + 0.07 +0.22
Uniform + 0.07 +0.22
Beam energy spread F-D Central ir*]i_ﬁﬁ J_rgﬁﬁ
(assumed to be 5%)
Uniform f?.aﬁ 1-252
D-F Central fg_ a0 fﬂ_ a5
Uniform +0 +0
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Systematics : Single Pixel signal

 AHCAL electronics has 2 gain modes. MERC o
* LED calibration has been done i R
in 2 steps in order to obtain % " o
the single pixel equivalent signal. é TTTTHE
Step 1 : Measure single-photoelectron peak , K =
in high gain mode, T
Step 2 : Measure gain ratio of low/high-gain
mode (=inter-calibration factor). [ C’:j{:E SECAL
s 2
Note : LED runs are done just for a limited s; o (a3 "5 %
number of channels % 1000} i \V\i‘
2 800 1000 1260
MPHC signal [ADC counts]

d-value



Systematics : Single Pixel signal

Inter-calib factor for e Due to a lack of available time,
30 channels (out of 468). Inter-calibration had been done
just for small fraction of whole channels.
o | CALICE —L o _
SCECAL * This incompleteness of LED runs induces
3 °r non-negligible systematic uncertainties.
g ap * |t tells the necessity of well-arranged
oL LED system & runs.
0l A
6 8 10 12 14

gain ratio Ry;ghiow

Module type Aiow — gain (ADC counts)

type-F 144 4 15
type-D 158 + 1.7

~10% of uncertainty




Systematics : Effective Pixel Number

Source Configuration Region 6 smehastic S constant
MIP calibration F-D Central + 0.01 +0.02
Uniform + 0.02 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Temperature correction F-D Central + 0.02 + 0.01
Uniform + 0.04 +0.02
D-F Central + 0.01 +0.02
Uniform + 0.02 +0.02
Cross-talk correction Both Both + 0.03 +0.12
Single pixel signal Both Both + 0.06 + 0.17
Effective pixel number F-D Both + 0.19 + 042
D-F Both + 0.01 +0.07
Total F-D Central + 0.20 + 047
(not including Uniform + 0.21 + 047
beam energy spread) D-F Central + 0.07 +0.22
Uniform + 0.07 +0.22
Beam energy spread F-D Central ir*]i_ﬁﬁ J_rgﬁﬁ
(assumed to be 5%)
Uniform f?.aﬁ 1-252
D-F Central fg_ 80 fﬂ_ 45
Uniform +0 +0
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Systematics : effective pixel number

Non-uniform response —
of the MPPC is corrected generator

: . . " | mPPC
using correction curve scintillator |

1500

1000 - S &7 . Typer av=20v
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3
(measured separately) : PMT H Em—‘ﬁ rpe <200
_— Type-D AV =25V
Nﬁmd:N;E.:-:l—e—P-ﬂ”fmr”ﬁm}Lm L

scaled PMT signal [pe.]

MPPC signal [fired pixels]

Thanks to quick recovery (~4ns) of the MPPC, num. of effective pixels
is enhanced.
The enhancement depends on input light length.

Module type JNﬁE

Difference of those
EEE:E ’?;;? :|> Is taken as the source

of systematic uncertainty

This tells that larger dynamic range and knowledge on response of
the MPPC is important.



Summary & Conclusion

From the viewpoint of irreducible systematics,

Beam momentum spread gives dominant effect

Understanding non-linear response of the MPPC is
Important

Single-pixel & electronics calibrations are of 2nd
importance (balance with technology & cost)

Strip response non-uniformity also gives non-trivial
effect

MIP calibration, temperature dependence of the
MPPCs are rather OK



Backups



Feedbacks to 2" & future prototypes

* The 2"d SCECAL prototype had been built and
tested @ FNAL (1-32 GeV e-, p- and m)
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MIP calibration
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MIP response uniformity: detailed scan across single strip
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