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ALICE Experiment

- ALICE experiment at LHC
- Specialize in heavy ion collisions
- Study Quark Gluon Plasma
i | _-‘Q\uark Gluon Plasma (QGP)
- Quarks and gluons move freely

Color Glass Initial Glasma sQGP - . Hadron
Condensates Singularity perfect fluid Gas
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Motivation

Color Glass Condensate(CGC)
Nuclear state
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FoCal project
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Excellent position resolution is required to separate two clusters
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FoCal-E strawman design

Si-W sampling calorimeter

W:absorber
1Xo = 3.5 mm(1layer)
RM = 9.3 mm
Si:detection layer
Two types of sensors
1. LGL(Low Granularity Layer)

LGL HGL

......
"

Si Pad Ouk Ridos Nt 7/
ge National Laboratory .
1Pad =1 x 1 CIIl2 &Tsukuba Univ.) (Utrecht Univ.)
1layer — 64 PadS(S X 8) Longitudinal segmentation
Energy measurement 0 1 2 3 4 5

- - - - - i > - ~

2. HGL(High Granularity layer)
Monolithic Active Pixel Sensors

(MAPS)
1pixel =30 x 30 pm?
digital readout

‘ absorber ‘ LG layer \\
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LGL Development from 2014 to 2016
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Development since 2014

2014 ~Project start
- First beam test at CERN PS/SPS
- Construct readout system

2015 - Reduction of noise
- Took the data at low energy (0.5~50 GeV)
* at CERN PS/SPS

20106 - 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-~)

Summing Board

R NN

\_\_\_

readout flow chart

SRS

APV25

N

Si sensor

APV25(CERN RD5'I)

Read out chip

buffer, preamp, pulse shaper
128:output

Sampling frequency:40MHz
5Gains:80,90,100,110,120%

HDMI Ethenet

ADC Board FEC Board

AR

PC(mmDAQ)

En::::a:ca:a:::: pil

bt
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4 sequential Longitudinal PADs

Summing Board(ORNL)

128ch output(2 Gains)
1/1(high gain):positive output
1/16(low gain):negative output

'

select gain by readout polarity

SRS(Scalable Readout System)
(CERN RD51)

ADC Board:12bit ADC
FEC Board:front-end
Send digital data to PC




Beam test at CERN PS/SPS in 2015

LGL4 LGL3 LGL2 LGLI Beam trigger

PP RN N N HEEL & . JUAEE . ... .. ||I ........ Beam
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Beam test result in 2015

Energy Dependence
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Test beam at CERN SPS 2016
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New summing board

- New Summing board installed

- For noise reduction
- Attenuate the signal before readout

v

Measure higher energy range
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Result in 2016: linearity

x10°
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Measured 110 GeV and 130 GeV !

| ——

'0ook only data at two energies but linearity is generally good

‘0 match the the data in 2015 and those in 2016,

need more detail gain calibration study.
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Result in 2016: resolution
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Resolution is worse compared to 201
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Result in 2016: longitudinal profile

Longitudinal shower profile @ beam test resuit
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Result in 2016: positioning

HGL1 HGL2
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Summary & Outlook

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
INn 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

wire bonding
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Beam test @CERN PS/SPS in 2015

Summing Board
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Spectrum 2015 data
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Resolution 2015 and 2016
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Channel dependence

LGL2

LGL1
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Longitudinal shower profile in 2015
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Longitudinal shower profile in 2015
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Radius of shower spread
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LGL3 130 GeV

. - This is the Diagram showing spread of
horizontal shower in 130 GeV LGL 3
- ADC Values projection as a function

XorY.
- The width of the distribution represents

the magnitude of the spread of the shower

Ry = 9.3 mm
(90% of the shower fall within this radius)

o =045 i

1.600 = 0.8 = 0.0013 cm

The shower radius on the LGL 3 module
iIs within the range of the theory
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Integrate System

Integrate system

2

N

(Digital)

f

\_

Trigger scaler

~

J

(FPGA Box)
B
HGL DAQ
\_ J

AN beam trigger

10 bit trigger ID

Purpose: Share the same event
with different detectors

- 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.

10ch trigger Pulse
(Analog)

LN e
R LI SRS .
SOSAALISELT g <

4 )
LGL DAQ

trigger circuit
TIPP2017 at Beijing, 23rd May, 2017 28



HGL position resolution
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