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JEDI: Charged-Particle EDM Search

Main principle:
* Inject polarized particles into
a storage ring:

« Apply radial electric field E:

—

dt

« Non-zero EDM - spin rotation out of the plane

» Track spin rotation - need precise polarimeter
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JEDI polarimeter

Ballistic Diamond - Fast HCAL
Pellet Target

Requirements:

tracking
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— PMT « High precision
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—WC_’_\,M T « High stability
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beam ) o—"0 .
\‘/ Ballistic diamond S~ ® NO magnetlc /

| pellet target

U

electric field

Array of plastic scintillators ' Calorimeter modules

LYSO based EM calorimeter for highest energy resolution
Fast plastic scintillators for particle identification

FADC based readout for fast data acquisition

New type of target for unprecedented precision
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Target chamber

Calorimeter

Tracking system

------- -> LYSO
_ " WA T Lyso

0- and @-angle reconstruction by

partial energy losses 5 LYso
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Target wheel

First test -4 LYSO
modules

Second test —
24 LYSO modules
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Moving arms
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Goals:

« Demonstrate simultaneous operation of 48+
calorimeter modules

« Test LYSO crystals and SiPMs of different
manufacturers

 |dentify stable operation of SiPM voltage supplies

« Test unemployed capabilities of DAQ hardware

» Test rotatable detector concept

Aluminum
housing Wave-spring
3D printed
\ \ / Nylon screw

w

o
SensL SiPM 8x8 Passive Sum
3x3mm 20um pixel S RC PCB
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Opening of SMART|EDM lab at TSU

29.08.2016

v PhD and Master students
involved

v" Well equipped and maintained

v' Strong cooperation with JEDI
collaboration

v" Search for and motivate new
students

Support:

 Shota Rustaveli National Science Foundation
« Thbilisi State University
* Research Center Julich (IKP)
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What we develop at Thilisi lab...

Precise modular power supplies

Voltage monitoring system

Data acquisition and online monitoring systems
New target development...

Offline data analysis

Applications...

N o a k0 Dbh -~
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Power supply development

SiPM-based LYSO calorimeter module

Aluminum )
housing ‘u'\éz;ge-spnzg
SG LYSO printe i
PreLude 420 Nylon screw S | PM array
3x3x8cm _
Y

Passive Sum

SensL SiPM 8x8
S RC PCB

3x3mm 20um pixel
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SiPM-based LYSO calorimeter module

SiPM array

Aluminum '
housing Wave-spring
SG LYSO 3D printed
PreLude 420 Nylon screw
3x3x8ecm

Passive Sum
RC PCB

SensL SiPM 8x8
3x3mm 20um pixel S

Current demands:
* Internal radiation + dark current: ~10...30 yA (average)
« Single 300 MeV deuteron hit: ~100 mA (peak)

23/08/2018 David Mchedlishvili - Work in Thilisi 11



Shota Rustaveli
National Science
Foundation

Power supply development

Tl ' o0
; JULICH
SmenceBRIDGE

NNNNNNNNNNNNNNNNNNNNNNNNNNNN Forschungszentrum

1mV variation ~ 0.02...0.05

70 in gain
1000 SiPM Gain vs Voltage [ |f
ﬁ 800_ | | | _
% 600:_ Main requirements:
o0 = Modular design
o = High output stability
200 — (temperature, long/short
Ol . term, low noise)
®oo® " \Z,iltage [f,? v ® = Remote on/off capability

Voltage adjustment

Details: See talk by Otar Javakhishvili...
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Current status...

v 64 channel supply built
v 128 channel voltage monitoring system

developed and tested

v Continues voltage monitored during the run

Details: See talk by Otar Javakhishvili...
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Data acquisition and online analysis
Up

4x3 LYSO
+4 Pl.Sci

Network Switch

S1S3316-250-14 .
@ 16 channel -1 bef/{S

250 MSPS
14-bit

1S3316-2 4 .
_ ESS 1625014 | 7 = pit/c

Left

16 channel
250 MSPS

14-bit

| SIS3316-250-14

§ 14-bit

_EE } TT
i gl Locemel ) 1 Ghit/s | 10 Gbit/s

1 Gbit/s

Right
| / ."'2){ Intel Xeon
Down Analog Signals Network E5-2637 v4

4-Core CPU

1 Amplitude >

] Samples:h

Details: See talk by Dito Shergelashvili...
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Data acquisition and online analysis

Hardware - Based on Struck Sis3316 FADCs
« 16 ch/module
« 250 MS/s, 14 bit
 FPGA-based

« Data buffering, two large memory banks

(almost dead time-free)
» Configuration, data acquisition via LAN
 Internal/external triggering
* Integrated CFD feature — Much more precise
relative timing (~50 ps!)

» Easily scalable; clock synchronization possible!
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Data acquisition and online analysis
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Triggering and acquisition schemes:

1. Common trigger, sequential module readout
« Simple event reconstruction
* No precise timing
« Big amount of data (empty channels recorded!)
 Low rate

2. Internal (individual ) trigger, sequential module readout
* Precise timing
« Small amount of data
* Moderate rate
« Complex event reconstruction

3. Internal trigger, parallel module readout
* Precise timing
« Small amount of data
» Highest rate!!l
» Most complex event reconstruction

Software must handle all these operation modes...
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Data acquisition and online analysis software

Details: See talk by Dito Shergelashvili...

( )
LYSO
modules s PC #1 PC #2
\ y,
( )
Start & Stop ' 16 ch. FADC EMS cluster .
counters [ (SIS3316) ] # [ e J # [Event bwlder]
\ y,
( ) ‘
VETO l

detectors
- 7 Analyses # Data
modules - manager

Event builder, data manager and l t
client software parts are based
on CERN ROQOT libraries PC #3 cl
lents
[(access spectra)]
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START
Asymmetry
Clear
Save Canvas
Terminate
Close.

: Spectra from individual channels

Particle identification

23/08/2018

&
4505
“L' 1, + + B2
= - 1.667
NI TN b\ g e P ey .v"“ ey ¥

David Mchedlishvili - Work in Tbilisi



B o o ‘\ Y
&
Georgian-German
&
NNEC

ScienceBRIDGE
OPLE AND KNOWLEDGE

Shota Rustaveli
National Science
Foundation

Monte Carlo simulations
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- LYSO

Geant4-simulated energy deposits for 270 MeV deuterons in == -2Yso

20 mm thick triangular plastic scintillator bars ----g>LYS0

& 2500 [ ]
o - AJE]_ + AEZ JJ 1
2000 |- ! \ .
1500 [ .
1000 [ i S 1
500 . /J '.‘\H .
o:" / ., .

8 9 10 11 12 13 14 15 16

AE,+AE,  [MeV]
Signal asymmetry: With just ionization fluctuations 0=0.44 MeV
AE; — AE, With +10% Gaussian fluctuations 0=1.07 MeV

© T AE, + AE,

Reconstructed coordinate: x, = (half width) X ¢



Shota Rustaveli
National Science
Foundation

SmenceBRIDGE

CONNECTING PEOPLE AND KNOWLEDGE

eeeeeeeeeeee IJ JULICH

Forschungszentrum

Monte Carlo simulations

Resulting spatial resolution estimates

— e
g 1 - 5, E i only.physical-fluctuations
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Experimental check of the tracking system

i 1 2
Two planes of triangular hodoscopes i — Fixed $ ot
Fixed plane defines beam vertical coordinate . ->
_ _ ~CCCIEANECCCCICCCCCTENCS2y LYSO
Moving plane measures beam vertical
coordinate relative to that defined by the -YSO
fixed plane LYSO

I I dEF 01vsdEF 03 dEB 01vs dEB_03
10 _

Counts

T Plane 1

o ~1.65mm

Ml 'S I I SR SRR | L
500 1000 1500 2000 2500d 3000

e e e e e e e e e

oo K I R . . 04 .6 0.8 1
EF_01 [au] dE B_01 [a.u] Difference over Sum [a.u]

Details: See talk by Fabian Miiller...
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Summary

v" First version of 64 ch voltage supply built and tested

v Independent 128 ch voltage monitoring system developed — Data taken during
recent test-experiments

v Online event reconstruction and data analysis software development follows
detector evolution

v" Monte Carlo simulation software developed for the tracking system

v" Successful Masters thesis defense (by Otar Javakhishvili)

Outlook

» Further development of voltage supplies — version 2
» Software development: improve parallelism, implement new tracking system,

create GUI interface,
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Thank you
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