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ALICE Experiment
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・ALICE experiment at LHC 
・Specialize in heavy ion collisions  
・Study Quark Gluon Plasma  

・Quark Gluon Plasma (QGP) 
・Quarks and gluons move freely

Crucial input to QGP study:properties of initial state of collision
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Motivation
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Low energy High energy

Quark
Gluon

Bjorken-x
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Small-x

Nuclear state

Gluon saturation(CGC)

Strong suppression
‥CGC occurs

Direct photon
Experimental validation probe

Color Glass Condensate(CGC)

x  10�4
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FoCal in ALICE detector

FoCal project
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simulation by GEANT4
Direct γ π0 →γγ

Explore small-x structure 
(initial state, CGC, etc‥)

 Excellent position resolution is required to separate two clusters  

separation
Detector requirements

�/⇡0

Main purpose 
Measurement of direct photons at large rapidity  

Components 
FoCal-E : Electromagnetic calorimeter 
FoCal-H : Hadron calorimeter  
        

7m

 detector upgrade proposed within ALICEFoCal:
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FoCal-E strawman design
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Si:detection layer

Si Pad

Si-W sampling calorimeter
W:absorber

RM = 9.3 mm
1X0 = 3.5 mm(1layer)

Two types of sensors
1. LGL(Low Granularity Layer)

2. HGL(High Granularity layer)

1layer = 64 Pads(8⇥ 8)
1Pad = 1⇥ 1 cm2

Energy measurement

(MAPS)
1pixel = 30 ⇥ 30 µm2

LGL HGL

(Oak Ridge National Laboratory 
&Tsukuba Univ.) (Utrecht Univ.)

Monolithic Active Pixel Sensors

digital readout

High position resolution
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LGL Development from 2014 to 2016
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Development since 2014

8

2014

2015

2016

・Project start 
・First beam test at CERN PS/SPS 
・Construct readout system
・Reduction of noise 
・Took the data at low energy (0.5~50 GeV) 
   at CERN PS/SPS

・Made New Summing board ,Integrated system(HGL and LGL) 
・Took the data at high energy (~130GeV) 
at CERN SPS
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LGL readout system (2014~)

9

APV25(CERN RD51)

Read out chip 
buffer, preamp, pulse shaper 
128:output 
Sampling frequency:40MHz 
5Gains:80,90,100,110,120%

Summing Board(ORNL)
4 sequential Longitudinal PADs 
128ch output(2 Gains) 
1/1(high gain):positive output 
1/16(low gain):negative output

select gain by readout polarity  

SRS

SRS(Scalable Readout System)
(CERN RD51)
  ADC Board:12bit ADC 
FEC Board:front-end 

   Send digital data to PC 

readout flow chart
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Beam test at CERN PS/SPS in 2015
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LGL1LGL2LGL3LGL4

HGL

Beam

Beam trigger

4 layers
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・Good linearity(within ~3%) 
  up to 50 GeV/c

・Achieved ~10% energy resolution  
at high energy 

2014

2015
simulation

SPS(low gain)

PS(high gain)
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Test beam at CERN SPS 2016
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・New Summing board installed 

・Attenuate the signal before readout

Measure higher energy range

・For noise reduction 

New summing board 
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Result in 2016: linearity

13

・Measured 110 GeV and 130 GeV !
・Took only data at two energies but linearity is generally good 
・To match the the data in 2015 and those in 2016,  
need more detail gain calibration study.  

ADC_SUM [ch]
0 2 4 6 8 10 12 14 16 18 20

610×0

0.2

0.4

0.6

0.8

1 130 GeV

110 GeV

130 GeV

110 GeV
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Result in 2016: resolution
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Resolution is worse compared to 2015’s fitting data ‥ 
Most likely due to dead ch  in the center of 4th LGL. 
If all channels are working, better resolution is expected.

effect of dead ch  

effect of electronics 
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Longitudinal shower profile

LGL1LGL2LGL3 LGL4

shower max radiation length

110~130 GeV

9X0 :LGL3

beam test result
simulation (with dead ch)

ideal simulation

・ADC values decrease 
because of dead ch

Matched theoretical values and simulation

shower max

Theoretical value of shower max
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第 6章 FoCal-E統合型試作機における Si PAD部及び Si Pixel部のビームトリガー共有データの解析 65

3. 2.を 64つの Channel全てにおいて実行する。
4. nnext = 0の Channelをカットする。

というプロセスを取る。クラスタリングの例が図 6.14であり、孤立している Channelをカットできている。これに
より残ったクラスターをシャワーのクラスターとして扱う。
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図 6.14 クラスタリングによる Channelの選択

6.4 重心の位置相関
ここでは LGL、HGL両データにおいて電磁シャワーと識別されたイベント用いてトリガー共有イベントの評価を
行う。HGLにおける電磁シャワーの識別方法及び重心の決定方法は 5.2節で述べたものと同様である。
　トリガー共有イベントが同じビームイベントを示すならば、LGLと HGLにおけるヒットの重心位置は相関を持
つことが期待される。したがって、重心の位置相関を見ることによって、トリガー共有イベントの整合性を評価す
る。LGLにおけるヒットの重心を

Gx =

∑
i,j ADCi,j · xi∑

i,j ADCi,j
(6.5)

Gy =

∑
i,j ADCi,j · yj∑

i,j ADCi,j
(6.6)

として定義する (i, j = 0, 1, 2, · · · , 8)。iは x方向、j は y 方向を表し、
∑

i,j は全ての Channelで和を取ることを示
す。このように、LGLの重心は ADC値の重みを用いてエネルギー重心を決定することができるが、本研究で取得
したデータにおいては重心の重みである ADC値が飽和してしまっているために、正確な重心の位置を決定すること
はできない。図 6.15は、HGL及び HGLにおけるヒットの重心をヒットマップ上にプロットしたものである。この
ように、LGLではヒットの重心付近に高い ADC値を持つ Channelが集中しているので、おおよその重心の位置を
これらの式により決定することができる。なお、HGLにおいてその重心位置が HGL2の Dead Channel上にある
イベントは、HGL2との重心の相関を見ることができないために本解析では除いている。
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Result in 2016: positioning
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hit position correlation
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LGL1 HGL2LGL2HGL1 LGL3

HGL range
dead ch

Observed strong position correlationr ! 1 positive correlation
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Summary & Outlook
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Summary 
・We have tested Si PAD-W based electromagnetic calorimeter(LGL) 
 for 3 years. 
・Good energy linearity up to 130 GeV is measured. 
・Energy Resolution is ~10% at 50 GeV and 130 GeV 
 (assumed no dead ch). 
・Strong correlation between LGL & HGL is observed. 

Outlook 
・Noise has to be reduced to get closer to the performance  
 in the simulation. 
・Perform calibration by measuring MIP signal and examine current dynamic  
   range.   
・Based on those results, make a new type of FoCal prototype which     
   fulfills the requirement for the physics measurements.
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Thank you very much for your attention !
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Back up slides
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Si wire bonding
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wire bonding
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Beam test @CERN PS/SPS in 2015
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Beam

LGL 1Segment HGL

APV25

Summing Board
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Spectrum 2015 data
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Data at PS in 2015 Data at SPS in 2015
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Resolution 2015 and 2016
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Channel dependence

24

2015 at E = 20 GeV 
There are a few difference
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Longitudinal shower profile in 2015
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LGL1 LGL3LGL2

LGL3LGL2LGL2

LGL4LGL3LGL2

LGL1

LGL1

LGL1

LGL4

LGL4LGL4LGL3
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Longitudinal shower profile in 2015
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Radius of shower spread
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profile33x_pfx
Entries  1855
Mean  0.008387− 
Mean y   457.1
Std Dev    0.6246
Std Dev y   289.2 / ndf 2χ  762.9 / 27
Prob       0
Constant  5.1± 811.7 
Mean      0.0026893±0.0001885 − 
Sigma     0.0023± 0.4887 
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LGL3 130 GeV

profile33y_pfx
Entries  8718
Mean  0.2184− 
Mean y   582.5
Std Dev     0.557
Std Dev y   370.7 / ndf 2χ   1173 / 20
Prob       0
Constant  2.9±  1067 
Mean      0.00128±0.00869 − 
Sigma     0.0009± 0.4496 
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� = 0.45

� = 0.49
・This is the Diagram showing spread of 
 horizontal shower in 130 GeV LGL 3 

・ADC Values projection as a function  
X or Y. 
・The width of the distribution represents  
the magnitude of the spread of the shower

RM = 9.3 mm

(90% of the shower fall within this radius)

1.65� = 0.8± 0.0013 cm

The shower radius on the LGL 3 module 
 is within the range of the theory
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HGL DAQ

Integrate System
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Integrate system

trigger circuit

beam trigger

Trigger scaler

(FPGA Box)

10 bit trigger ID  
(Digital)

LGL DAQ

10ch trigger Pulse 
(Analog)

・HGL DAQ has trigger scaler information. 
・Trigger circuit generates analog pulse. 
 corresponding to 10 bit trigger scalar number. 
・LGL DAQ reads out both Pad signal and  
trigger scalar number as analog data.

Purpose: Share the same event  
with different detectors
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HGL position resolution
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The center of gravity of position resolution 


