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SPIRIT-TPC for HIC exp. ~ Nwa78a(2015) 513

measurement of multiple charged particles SAMURAI dipole magnet
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o dE/dX — Bp particle
identification.

e Readout with ~12000 pads.
e Operation under B~0.5T



Basic design of TPC

stable operation is most important Z: beam
» Based on Bevalac EOS TPC. 12mm X: wire
« Wire amplification with P10 gas - -
(Tatm). \Smm
» Gating Grid B,E Y: drift

 Target at the entrance of chamber.
« ~12000 readout pads.
« Multiplicity: 10~100.

112pads (1344mm)

108pads
(864mm)

» Beam passes through chamber as
well.
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Heavy lon Collision
" Simulation

N ol el

\\!

h
% \
-

ﬂl.l-I--i\II_plq"‘p-I

| Vb

1
-
A
-
)
%



GET on SPIRIT-TPC

o 48 AsAd, 12 CoBo, 2 Mutant, 2 u-TCA crate
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High gain, short shaping time

for large number of light particle measurement

120fC gain, 117ns dynamic range, 25MHz sampling rate
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beam

AsAd

4 AsAds for each CoBo:
48 AsAds in total
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Control Ul ;: GANIL RC

SOAP Server to control GTO
SOAP Server to control other DAQ

SOAP Server to control GET

Run Control GUI

File Layout Configuration Option e/narval/ganacq_manip/spirit/cobol2_20150930.xml

® RUNNING

CoBo[0] | CoBo[1] | CoBol2] | CoBol3] | CoBol4] | CoBol5]

spirit
12
[]1 NARVALO2

12
i | 1 NARVALOI]

EJ]

[]1Expert mode
[.-.__u..\.u._ —SprTeToTES

PREPARE : external_ST117ns
CONFIGURE : external ST117ns

[DESCRIBE - spirit-nodes ]

PREPARE : ggdtest
CONFIGURE : ggdtest

PREPARE : internal
CONFIGURE : internal

DESCRIBE : spirit-nodes
Messages

| Filter Clear

DAQ benckmark:

100MByte/sec/CoBo
1.2GByte/sec at most
(writing data on disk)

Started run #1023partial_intxcfg Gth=5

M

finished execution of START

storerll : starting storage of run #1023

storerl0 : starting storage of run #1023

storer09 : starting storage of run #1023

storer08 : starting storage of run #1023

storer07 : starting storage of run #1023

storer06 : starting storage of run #1023

|| | Chanae | ctorerns - starting storaoe of run #1023



Dayone Heavy Rl Collision experiment

« Systematic measurements in heavy RI collisions in same Z
(Z=50) but different N system.

e Charged pion is main observable. 2 TPC gain is relatively higher.

Primary Beam Target E,_./A (N-Z/A)
238U 13290 124G 270 0.22
1249 11290 270 0.15

124Xe 108Gn 11290 270 0.09
11280 124G 270 0.15

60

 Successfully finished. 2016 Apr. — Jun.

» Beam rate: 10kHz, trig. rate: 70Hz
30M Events: 60Hz, 5MB/eve -300MB/sec

250TB/2week

No partial readout, No zero-suppress
We can compress the data size only to 30% in the case of partial readout.
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2016 Spring Heavy RI collision

experimental setup I 55 0K

i

Chamber in SAMURAI magnet B=0.5T

Beam Tracker

scintillator

/

Field cage

Beam PLF Veto
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target
“-' External trigger with

scintillator paddles + MPPC

: & 3He) in heavy Rl collisions
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Combined DAQ: RIBF-DAQ + GET

» Realized with common trigger

e Total dead time: 2~3ms
e TPC-GET: 0.8 msec

* Much longer in the case of more than 100Hz trigger rate because of full buffer in CoBo.
» Data size/eve: 4(aget)x68(ch)x270(tb)x2x48(asad) = 7050240B ~ 7MB/eve
+ 256MByte RAM on CoBo : buffer for 36 events

o Katana(CAEN V1730): 2~3msec

» BigRIPS plastic (V1290): ~300 usec

» BigRIPS PPAC VME (V1190): ~100 pusec
* |C (peak ADC) 100 psec

o BDC beam tracker (TDC): ~120 usec
 NeuLAND: ~100 usec



Example of HIC events seen

Run#2900 - Event ID: 1 (Gain not calibrated) - Top view
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Run#2900 - Event ID: 1 (Gain not calibrated) - Beam right view

Top view
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Run#2857 - Event ID: 74 (Gain not calibrated) - Top view
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Dead channels along beam trajectory

Run#2900 - Event ID: 3 (Gain not calibrated) - Top view
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® Seen along beam trajectory = due to 6-ray?

- but 8-ray is supposed to be suppressed with GG + B-field.
® Could not be seen in the case of cosmic
® Varies event by event



o-ray which cannot be blocked with GG
- Make a dead time on the pad

Run#1862 - Event ID: 2 (Gain not calibrated) - Top view
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CSA output(V)

Preamp becomes dead for a certain time
due to huge signal

— 0.04
CSA output versus Input charge -g -
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SPICE simulation input charge (pC)
o Courtesy of P. Baron
Time (s) 3ms

* Output of CSA is kept to be saturated in the case of huge signal

» Aslong as output is saturated, no signal comes out from following shaper ->behaves as dead
» Dead for 2 msec in the case of 10pC charge input

* 10pC corresponds to the charge from Z~35 nuclei

v Acceptable beam rate of pads along beam line is limited due to this effect
v Independent from trigger rate, depending on beam rate (10kHz in our case)



SntRITROOT: the Analysis Software

High-density environment (~60 tracks/event)

Reconstruct low momentum tracks (i.e. pions at ~50 MeV/c)
Distinguish between collision on target and on gas events
|dentification of nt in the positively charged background

Digitization\imulation branch
[ Simulation Drift >

GEANT4 Pad Response
Elcctionics Reconstruction
Pulse Shape Analysis Physical
Helix Tracking Observables ]
Unpacker GENFIT

[ Experimental GETDecoder

Data STConverter =
ANAROOT Experimental branch

We adapted tools from High Energy Physics
(FAIRROOT)

Courtesy of JW. Lee, G. Jhang, G. Cerizza



Offline analysis: Charged particle tracking
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1. Pulse Shape Analysis
e ineach of 12096 pads

2. Helix tracking: 3D momentum
1. Track separation

Riemann fit: 2D

Helix fit: 3D

Clustering Hits

ok~ N

Initialize GENFIT parameters

3. GENFIT: precise fitting
(Parameterization, extrapolation)

4. RAVE(Reconstruction vertices)

Courtesy of JW. Lee, G. Jhang, G. Cerizza



Junk removal — find vertex

» Vertex finding by RAVE package (Reconstruction in an Abstract Vertices
Environment) End of

beam pipe

= Vertices are reconstructed as
3D points at the converging
point of the tracks event by

event. 10°
= Vertexing efficiency
99.3%
10*

Before target

INts

Start of Active Target

TPC Veto holder

Inside TPC

On thrget

Run#3176 - Event ID: 2 (Gain not calibrated) - Top view

Run#3176 - Event ID: 1 (Gain not calibrated) - Top view

o TR ————

6 (Gain not calibrated) - Top view




Pad Desaturation to recover PID and momenta
of particles with saturated pads

° Goal: extend the dynamIC range Of the TPC Run#3203 - Event ID: 92 (Gain not calibrated) - Top view
e Problem: saturated pads lose charge info .

120

Layer direction 170

Row direction

740 750 760 770 780 790 800 810
How do we correct and use the PRF? 2 (mm)

1) From the charge pads the distribution we can estimate the charge of a
saturated pad

2) Find the charge center of gravity

3) Calculate the distance of the center of each pad from the c.o.g.

4) Calculate the fraction of charge of the pad over the total charge to get the PRF.

Courtesy of J. Estee
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Pad Desaturation .,..c.

- Test performed on the E=100-300MeV Z=1-3 cocktail beam
- Preliminary overlap of energy loss calculation (Bichsel curves) with

data
Before correction After correction
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Another way: use signal slope value as
deposited charge information

« Scan for steepest bin of a signal. _VJ«_\ /fl
g
» Slope of signal shows linearity for & \ /
higher pulser voltage. P sga_ngfg.r..steep_est_b__i_nv._
: : : . | <
» According to SPICE simulation, ol __minimum
Time Bucket Index
linearity can be kept up to 240fC
input. o
23500;
o lLe. ~2times wider s
120fC D.R,, EEHL Lo I D S

117 ns Shaping time Pulser voltage on TPC ground wire



Saturation - pads dead at later times

Due to the characteristics of preamp PZ circuit, its saturation recovery time-scales can take ms.
Blue is GET digitized signal. Red is signal after digital PZ subtraction.
Three signals on left do not saturate the preamp, but the right signal is saturated.

The negative lobe on the digital PZ subtracted signal indicates saturation. The right channel is dead
after the negative lobe.
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We tag the saturation to allow us to determine its effect on the efficiency and to
facilitate removal of clusters with dead pads



ADC

Saturation - pads dead at later times
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|dentification of saturated hits
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» Both figures show the same event:

» Left Panel shows saturated pads that are fixed using the PRF. These pads
are also marked to indicate that these pads will not respond to the charge
from later (lower) tracks. This is needed for the efficiency calculation.

» Right Panel shows the full event. Tracks that pass below a saturated track
lose information in the crossing region.

 Saturation is noted in the data stream to allow accurate efficiency
correction.



PID cleanup

e |ssues:

Saturation results in the loss and distortion of energy loss and
momentum information.

 Most significant near the vertex and under the beam.

« Bad pads means bad PID, i.e. bad momentum resolution and high backgrounds
in the PiD.

Clusters near the boundaries of TPC are incomplete, therefore
incorrect.

Bad information is worse than no information.

e Solutions:

We do not track in the high density region near target.
We require the PRF to be reasonable.
We remove bad and incomplete clusters.

We compare the track length to the theoretical track length and reject
short tracks.

We require tracks to originate from the event vertex

We add the BDC vertex to the tracks to improve the momentum
resolution.



Late
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Summary

New experimental device of SPIRIT-TPC + GET has been constructed at
RIKEN-RIBF.

First HIC experiment campaign by using Sn isotopes was successfully
finished.

« E/A=270MeV
Preliminary analysis shows the measurement of charged pion is promising.

Part of pads along beam trajectory can be dead due to 6-ray from high

intense beam.

Saturation is key issue for us needs to be understood for final result.
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