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J-PARC E16 : requirement for R/O

E16 measure the e+e- decay of p/w/@ produced in 30-GeV
p+A (C, Cu, Pb, etc.) reactions.

spectral change of mesons in nuclear matter theoretically
predicted can be observed through the inside-nucleus
decay of mesons.: signature of the chiral symmetry
restoration in dense nuclear matter.

ee pair : {&0)\ Branching ratio: Br(¢ —ee )= 0.03%
e-background ZH I X BTz (5E L) target
— (0.5% radiation length-> ~0.1% interaction length)
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* 10MHz interaction at targets

* high hit-rate (from the target & beam halo&
room bkg ) upto 5 kHz/mm?2

— GEM detectors (Tracker & HBD)
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E16 Detectors & trigger
* Electron ID : Hadron Blind Detector(HBD) & lead glass EMC (LG)
* Tracking : GEM Tracker (3 layers of X&Y) / SSD (1layer of X, most inner)
* Trigger for ee pair
— e-candidate (LG*HBD*GTR ) x2, with large opening angle (> ~60 deg).

* bkg w/ small opening angle : y-conversion, combinatorial

— ~1kHz
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Staging strategy RUNOa config.

* RUNO -- 2020 -- 320 hours, C/Cu targets

* Beamline / Detector commissioning + cross section

* Prove that the E16 spectrometer works under the huge bkg.

* 6(SSD) + 6 (GTR) + 4 (HBD) + 6 (LG) in 2020/Jun. :Run0 9

I
GEM traykers

* 6(SSD) +8(GTR) + 6 (HBD) + 6 (LG) in 2021/Jan. : Run0

RUN 1 (8 modules)
* RUN1 -- 2022: -- 1280 hours, C/Cu targets

* Physics run
« 8(SSD) + 8 (GTR) + 8 (HBD) + 8(LG)

* Physics data taking. 15k of phi mesons
* Secured only 6-8-6-6

* To obtain new SSD, collaboration w/ CBM has been started.

* RUN2 --2560 hours, C/Cu/Pb targets

* Physics run to accumulate more statistcs to approach the slowest
mesons, with various targets.

- 26 (SSD) + 26 (GTR) + 26 (HBD) + 26 (LG)
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data collection and trigger data flow |

768chx26module=19,968ch

SSD|—{APV Chipl=* APVZ5 —APVDAQ}—{MOCO
Repeater \
TIM
GTR1 N\ _2,160chx26module=56,160ch
TRK APV SRS
—>
TRK APV Repeater ATCA
DAQ
GTR ASD i

24chx26module

=624ch H

1,380chx26module=35,880ch

HBD SRS APV TRG-MRG e
36chx26moduleWBD ASD 1,060ch \ Belle2 Belle2
=936ch UT-3 —> ETSW

LG DRS4 RPV260
3Bchx8module+42chx18module —p : Waveform Data

Det
=1,060ch : Trigger Data
Waveform: 112,996ch o —— : Trigger primitive
Trigger: 2,620ch <+—— : Trigger
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development
768chx26module=19,968ch developed by E16:

SSD|—| APV Chip|=* RZ:::tir —|APVDAQ|—> Mocol\ @ developed by
\;W{% — RD51 @ CERN

GTR1 K 2,160chx26module=56,160ch i
r

S g

DAQ
PC

24chx26module
=624ch

A
1.380chx26modu , / \
g S
----\-\_

HBD RS AP

BSZI‘;iﬁmodule 1.060ch \ Belle2 Belle2
= 3 FTSW

\
C
R

38chx8module+42chx18modul —2% : Waveform Data

=1,060ch : Trigger Data
Waveform: 112,996ch —— : Trigger primitive
Trigger: 2,620ch «+—— : Trigger
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EHED S &

s AR E : 2011 T.N.Takahahsi
- GEM ( GTR,HBD) 5idH LIC(E CERN RD51 @ SRS

» HBD D preamp (& RD51 & APV preamp card Z {0\, space factor
=Rz GTR O preamp (& RD51 =& (CEE

- LG i UICIE DRS4 &= {#F > fz FADC : pile up under the high rate
» trigger L1172 2usIRECCTEES

— Trigger Logic 4 B(C Belle2 UT3, trigger distribution (C (& Belle2 FTSW
» 2000ch LA trigger primitive MEEE(C merger board Z{ED

~- BIIRREETERI D 7ICHL<

* COEFRTIL SSD NI o Te,
« 2016 FEARE
- &A& J-PARC EO7 FIL—TF XD —MEATLD < (FEM (E APVDAQ )
— J9K(Z CBM-SSD (w/FEM ) #EA
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development

* TRK-APV 256¢h preamp card with APV25s2 chip (Nakai/Takahashi)

* GTR-ASD card 24ch with ASIC (Obara/Murakami/Kondo)

* HBD-ASD card 9ch (discrete) (Susuki/Kanno) with Open-It
* DRS4 16¢h FADC module (Takahashi/Honda)

* GTR-ASD slow control board (Takahashi)

* TRG-MRG (Trigger-Merger) module (Takahashi/Kawama/lchikawa)

* TIM (W.C.Chang, C.S.Lin (Academia Sinica))

* publications
« IEEE TNS 66, 2022 (2019)
« J.Phys.:Conf.Ser.(JPCS), 664, 082053 (2015)
« J.Phys.:Conf.Ser.(JPCS), 664, 082043 (2015)
« J.Phys.:.Conf.Ser.(JPCS), 664, 082016 (2015) | s8I XFLHES 2020Nov27 S.Yokkaichi |




TRK-APV )

51Tmm x 65 mm

*GTR D stripEB8 L HITL
« X:350pm/Y:1400pum E v F D strip
* 2160ch for 1module (set of 100/200/300)
- INEIRE[E S

* input :KEL -XSL 48ch x6  (0.25mm pitch)

* output: HDMI-D (SRS D#REI&ICHHTE T)

s KWNECBICAND
* APV chip Z 2O 3 :RD51 M 215
« 9 & /module
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GTR-ASD

* GEM foil BR#ZEXN\S D trigger signal
300x300 %& 24 93&l : 24ch board
- AJI®E 2nF
* single rate 1IMHz
* ASIC ®{F : 6ch
low noise, small space

* MXIC 0.5 pm Mixed-Mode 5V 1P5M PIP
Capacitor Process
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HBD-ASD

* GEM foil BRAREXMS D  trigger signal
 300x300 %Z 9 93&l :9ch/board
- AJJARE 5nF
* single rate 1IMHz(mt) ~ 10kHz(e)
* discrete THR{E :
- HBD §5H : thERMIIZAT(C R

HBD-ASD

OO

SRS-APV preamp
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DRS4

* LG O ADC : discri &= ¥ 3 FADC
* DRS4 chip < B&IBfE L T firmware £Z < DI(CESH (Takahashi)

comparator LVDS fan-out

i DRS4 4 2bit, 40MSPS
THS4513 -
filter
Spartan-6 to DRs4 il
LX150 fo trigger
comparator out - ¥ LMH7322 %
LVDS 16 ch — : L e l‘lll TH54513 TH54513 _§
z e | 0dB 648 s 18 o FPGA
‘lr‘i/2 N / N £ (TDC)
analog input E_
(single-end : !<:| P e O 5
16 ch
KEK-VME x';_l/2 /“5
| +3.3V
User /O (NIM){—_ 38 -3.3V -
100BASE-T {4 = (b) Block diagram of the amplifier and
‘ discriminator part of LG-FEM.

12 bit DAC (bias, threshold) [taken from J.Phys:Conf.Ser 664, 082016 ]
LTC2656

(a) Photo of LG-FEM. caichi



TRG-MRG

* trigger primitive 2> 7751 XL T UT3 A
A 71 mezzanine board 2 &= DS

Main Board Mezzanine Card
' 128 ch LVDS Receiver

LVDS->1.8V LVCMOS

Connector to Mezzanine =2 FPGA Converter

]:| FPGA:

Xilinx Spartan3 50AN-4

o N |
12 V Power Supply T RJ45: for | [taken from IEEE TNS/arxiv 1806.10671 ]
— M O %2 . TITITIT
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SRS

Scalable Readout System, developed by CERN RD51
V) VME I8 DR —

— firmware &D
ATCA FRBDH— =

— LML bus (IERELEIZ(T, 11O (EYE HDMI
— firmware Edii& ( Takahashi )

6144 ch / blade = APV 256¢h (1 HDMI cable ) x 12 x 2 mez.
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Monitoring: prometheus ft#
* magnetic field (hole probe) : by wget

* gas monitor

* plot by MRTG

* iIseg HV module: by SNMP/prometheus

* plot by Grafana

GTRHV *
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cCEFEofeCt

*DRS4 I 21— JLOYIEARE
- 2018 FFEHUMED 12 WKLY
- BRAEEMND TS, N\NVIRFROVWDMF Ao discri ML, SEEMREH LU,
— 2012 FENR¥, 2016 &F£E 5 WM OK
— 2019 FEE D 5 WIE OK(MhTIL—F ). 2020 FEE 5 WIFS X
*GTR-ASD ASIC MFBEBIED (&T7OLEXERTY)
« 2014 FE DR CTTTH
« 2017 FE OOMWEE. MELU THEBEEI D~ 50%
- KVEDEFE DT board (ASICA WFER ) BUF : BEZED 9/12 : digital out H/LL\ch & D
* 2019 FER60WEE (BBED 75% ) board HSEFED  6/10
- ZOEZCIOLITOHLSE
— Runl [C(FED BNV UBPT (CERE DRV, FEERICIH DR - 100 BGEM,
c SEEI1-ILDOEREERINEDEEL DD ...
« APV25chip MZEZET XYV : CNEBRIICBLESHLTE
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cEofeck (2

*SRS-ATCA €2 1 —JLDOYIEAARR (... TIIEM D1z, )
- BRCHALR : BEORH R YISEDRTOHEE : E5EE
*iseg HV €2 1—JL/ Wiener Mpod
s YRR 18/178  EDIRIDIE REPIC BHELD TE
* mpod DAY O—SDVEDDHIEIMR switch X TELM /e : firmEH DT,

* UT3 FPGA(Vertex6 V6HX565T) D 1>/ /\T L :
s S XIMESTLVON VT IILRBEDSESR
— error message (XU CHR—EARVEWSE
¢« 6T 21— ILTINTIE, R I1WTIEIARAIRE : ZEL?
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Summary

* J-PARC E16 will measure the spectral change of vector mesons in nuclei with the
ee decay channel, using 30-GeV primary proton beam.

* confirm the observation by E325 and obtain more precise information of the spectral change of
vector mesons in dense nuclear matter.

* RunOa (2020/June)
* 1% commissioning run
» 6 SSD+6 GTR+4 HBD +6 LG
s FMFETET—EOIMETI L e, BRHFBEMLRKRE,
* RunOb (2021/Jan.) (C35(F T#EfFEH
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Backup slides...
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experimental area
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