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J-PARC E42

Search for H-dibaryon 6-quark (uuddss) state in

L2C(K-, K*)X at 1.6 GeV/c H = 2A = nn pp

Drift Chambers  1oF wall H — A p T B
= ¥

Diamond Target Trigger scintillators

& Targ;tm N Superconducting

"~ Helmbholtz coil

KURAMA ~ °
Spectrometer « |
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- TPC outer volume

— &Field cage



J-PARC E45

Measure p(m, 2rt)N to study baryon resonances
and search for hybrid baryon (ggqg)

wp—rtan, i°7p 2 charged particles + 1 neutral particle
wtp—ontp, mtrtn L —missing mass technique
Trigger with hodoscope

7t~ beam on liquid-hydrogen target
(p=0.73 — 2.0 GeV/c)




Hyp(Hyperon)TPC

Shared by J-PARC E42 and E45
Requirements

Large acceptance
— Target inside TPC

High-rate operation (108 Hz/cm?2 beams)

GEM and Gating Grid
Suppression of ion backflow causing E-field distortions
to less than5%

Good position resolution ~ 0.3mm rms
E and B in parallel
small pad size ~2.5 mm x 10 mm

n/K/p separation

Good dE/dx resolution
— large number of pad planes 32

dE/dx dynamic range ~ 10

Helmholtz mat




HypTPC structure

- 6160 Gas vessel
< 'r/
A \\’[2'\ O 57(§(D /=,Z/
\\: 150 ] /‘
Target holder 30¢ (E42) a4 Field cage (sensitive
= 800 (E45) S|tT| Vvolume)
i Gas:Ar:CH, 90:10
é § Drift velocity = 5.5cm/ps
o Charged < Max drift length = 55cm
Bean = particle : Max drift time = 10us
i T Sampling f
o pling freq 40MHz
target § Drift \ 512 SCAcell=>12.8ps
|t = i Gating Grid wire
- GEM (3-layers)
Pad plane
v —




Readout pads configuration
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520
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215.39
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* Inner planes (rings)
2.1~2.7x9mm?
#plane=10

e Quter planes (rings)
2.3~2.4x12.5mm?
#plane=22

Total #pad 5768

* Average charge sharing
= 3 pads / hit

* Horizontal position
resolution at B=1T

<0.3mm
(at drift length>10cm)



GEM configuration
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Target position

2014/9/23

"4 GEMs (277x277mm?)
*3-layer GEM (50pum+50um+100um)

Hit distribution (GEANT
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Electrode division

©12.5 mm width (20 div.) 1 sheet
*41mm width (6 div.) 3 sheets
Suppress discharge rate

*Minimize acceptance reduction in
case an electrode is broken



GEM gain and discharge rate

P-10
= 20000 ; 1200 —~
s - = Gain operation = 1 €
O L5000 s Dischrage Rate I 150 E
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T cem (V)
- Discharge rate <= 10 / min
GEM Gain~104 o e

(between Cu foils within a GEM)
Charge on pad (1cm length)

=100x1.6x10-19x10% x 0.6(charge sharing)
~100fC
1.0pC range (AGET) - Dynamic range=10




HypTPC construction

* Assembly at REPIC
at Tateyama (Aug-
Sep 2014)

e Completed (Sep 5)

2014/9/23



HypTPC test

* Gas leak test and HV test (cathode plane, field
wire, gating grid wires) complete (Sep 19)



Requirements for HypTPC readout

Readout ch: 5768

nput charge: 100 — 1000 fC
Drift time: 10us (55cm)

ADC, TDC -> waveform sampling
~1kHz DAQ rate

GET readout system



GET Gﬁ'

* The General Electronics for Time projection
chambers

* Developers

CEA EANl— GANL
C:gj Commissariat a IEnergie Atomique et aux Energies Grand Accélérateur National d'lons Lourds
Alternatives
NSCL

?. The NSCL (National Superconducting Cyclotron
Laboratory) at Michigan State University
Centre d'Etudes Nucléaires de Bordeaux Gradignan

“{@ENBG CENBG

e Users (Japan)
— JAEA HypTPC, RIKEN Samurai-TPC



GET people

Sep, 2014 @ France

4

e g A
B A R -~

June, 2014 @ RIKEN




GET components

GET subsystem for the p%ssing of 10240 channels

CoBo<n> External system sync.
Clocks
i MuTz
CoBo < :
Clocks ) Clocks & Sync. - Other GET

AL subsystems
for 10 k channels

10240ch. . Multiplicity L1

AsAd Readout (Pattern L2)
(0 suppress)

Trigger

» External trigger LO

Trigger processing

Additional data (time stamp, event
processing number...)

Network
transfer

' Control & l

monitorin
54




GET components
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GET components

Power Supply Interface

ZAPO Interface

ZAP1 Interface

« CoBo Interface

ZAP2 Interface

ZAP3 Interface

7 « External instruments Inte

* External trigger for step |
OR
* 2 Digital inspection lines




AGET ASIC

¥ Mean features ¥ Main features for the readout
Input current polarity: positive or negative « Address of the hit channel(s)
64 (72) analog channels + 3 readout modes:

4 charge ranges/channel: 120 fC, 240 fC, 1 pC & 10 pc Al hit or specific channels
16 peaking time values: 50 ns(100 ns) to 1(2) us
512 (511) analog memory cells / channel
Fsampling: 1 MHz to 100 MHz; Fread: 25(20) MHz - Possibility to bypass the internal CSA
Auto triggering : discriminator + threshold (DAC) and to enter directly into the filter or
Multiplicity signal: analog OR of the 72 discri. outputs

* Predefined number of analog cells /
trigger (1 to 512)

SCA inputs

\zz:

o [ external 12-bit ADC
[ADS6422]



Multiplicity
10® K- beam/spill, 10-beam backgrounds with 10 us drift time.
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Multiplicity
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Average multiplicity is less than 10 hits/AGET



Dead time estimation

Maximum multiplicity per AGET : 10
Readout cells: 512
ADC readout rate: 40nsec (25MHz)

512cells x 40 nsec x (10ch + 2ch (noise test)) = 246 usec / event
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Fast clear function

I 1. 1% level trigger (JL1) SLO
E 2. Stop Sampling
 delay !
E 1\ drift time (~10ps)
i : > | 3-a. 2" level trigger (JL2) (record event)
! '~50 us
: ' ADC with JL2
! ADC (250us)
------ :L------------1Ir---------------------------- 3-b. 2" level clear (JC2) (reject event)
E 20~50 ps (30us in average)

R T oy v e i ADC with JC2

Fig. 1: An ideal timing chart in J-PARC E42 experiment.



DAQ efficiency estimation

e (K-,p) elastic : dominant background 5-10 kHz
1

€o =0.29

“1+09k- 250usec + 1k - 250usec

e w/ 2" |evel trigger (fast clear)

— Rough mass selection for scattering particles

1
477 + 9k - 30psec + 1k - 250pusec Seectrometr
T2 diam;ilt;l;'g\e\t‘ Ei -

\
ml

— + charge high momentum

- - —» +charge low momentum
------» —charged particle

:E // T o

Chargle Hodoscope (CH) Forward_’[‘f)}?‘ _119519§g9pe (FTOF)



J-PARC DAQ D Get systemifl 7 1A 7



Overview of the HD DAQ
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UTCA

Cobo 1

Cobo 2

Cobo 8
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Overview of the HD DAQ
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J-PARC Trigger/Tag distribution system
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J-PARC Trigger/Tag distribution system

Master Trigger Module - RJ45 x2
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Receiver module for the GET system

e VME GP-10 module

— FPGA for multi purpose
— CPLD for VME access

* Additional daughter card
— J-PARC Tag receiver (RJ45 x2)
— 16c¢ch x 2 ECL out put

 FPGA firmware modification
— Current: MTM --- RM --- VME

— Mod: MTM --- RM --- CENTRUM
interface on MUTANT

4]0y



Signal Assignments

MUTANT J-PARC
1: L0 Trigger 1
2: Fast Clear

3: Trigger Request

4: Dead Time Busy

5: 96bit event tag

Connection

MUTANT #. ¢

PP
Fo H




CERNTRUM interface on MUTANT

ORIGINAL CENTRUM information is based on a 96 bit frame

D<95> D<48> D<47> D<16> D<15> D<0>
48 bit time stamp 32 bit event number 16 bit check Suml

J-PARC event tag after converting to the CERNTRUM structure

D<95> D<48> D<47> D<16> D<15> D<0>

unused (=0) | Imbe | unused (=0) | R |16bitchecksum




Chronograph for data transfer

FPGA behavioral simulation I I
200 ns 400 ns G600 ns 200 ns
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GET test bench @ JAEA

~ Pedestal (RMS: 2.2ch/12bit) -
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SCA cell number X AGET channel =512 x 68




Summary

* We designed and developed a GEM-TPC with the
gating grid (HypTPC) for J-APRC E42/E45
— 1 MHz K beam is directly injected into the TPC.
 The GET system is adopted for HypTPC readout.
— CH mapping for moderate hit multiplicity <- done
— Fast clear function  <- done
— J-PARC Event Tag Receiving <- done
— Frontend software <- under development

 TPC test with full GET system
— July, 2015 -



