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J-PARC E45	


•  Deeper understanding of non-pertabative QCD 
•  Preceise measurements of baryon resonance 

properties 
– Many resonance have not been established 

experimentally 
–  πN→ππN: “Critical missing piece” for the N* 

spectroscopy 
– New πN→ππN data will provide                     

1.significant modifications to the current N* mass       
2.discovery of new N* states.  

•  Search for new type baryon states 
–  e.g. hybrid baryons (qqqg)	


NSTAR2015	
 3	


Studies of Baryon resonances in (π,2π) reaction for	




Baryon spectroscopy :  
Physics of broad and overlapping resonances	
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Baryon spectroscopy :
Physics of broad and overlapping resonances
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9 Width: a few hundred MeV.

9 Resonances are highly overlapped
in energy except Δ(1232).

→Complicated Partial Wave Analysis
to extract hidden resonances

Measure cross sections as a function of
• incident pion energy
• Scattering angle
In broad range (with fine bins)
to extract resonance poles

D.H.Perkins, Introduction to High Energy Physics

π+p

π-p
Resonances in PDG

D. H. Perkins, Introduction to High Energy Physics	




New type baryon states	

•  Recent Lattice QCD calcurations show a new 

aspect in the nucleaon resonance spectrum. 
– They predict hybrid baryons (gluonic excitations). 	
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Hybrid baryons 
(qqqg) 

J. Dudek et al., PRD85 (2012) 054016 

N(939) 



Status of N* resonance	
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PDG2014	
 Many of the nucleon resonances 
predicted by QM were not found by 
PWA of old hadronic beam data. 
“Missing resonance” problem 
(This has not been solved yet) 
 
Most of the N resonance were primary 
determined from πN → πN data. But, 
many of high mass resonances has 
strong coupling to ππN final states. 
 
Precise new data on phtonproduction 
is available from (Bonn, Mainz, Jlab, 
Spring-8,…) 
 
Good data for πN→ππN is still highly 
desirable to search for missing 
resonances. 
 

more than *** : 15/45 
tentative : 10/45	




Importance of ππN 
(Width of N* resonances)	
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Over half of the decay branchig fraction goes into 2π channel.	


Kamano, Nakamura, Lee, Sato, 2012	




Importance of ππN 
(Two pion production from CLAS)	
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Table 3. Kinematical areas covered by the CLAS measurements of the π+π−p photo- and
electroproduction cross sections.

Q2 coverage , W coverage, Bin size over W/Q2 , Data status
GeV2 GeV GeV/GeV2

0.20-0.60 1.30-1.57 0.025/0.050 Completed [69]
0.50-1.50 1.40-2.10 0.025/0.3-0.4 Completed [70]
2.0-5.0 1.40-2.00 0.025/0.5 In progress

0. 1.60-2.80 0.025 In progress

Figure 11. Description of the CLAS data [70] on fully integrated π+π−p electroproduction
cross sections within the framework of the reaction model [71] with parameters fitted to one-
fold differential cross sections. The calculations, taking into account the contributions from the
conventional N∗s only, are shown by the dashed lines, while the solid lines correspond to the fit
after implementation of the 3/2+(1720) candidate state. Difference between solid and dashed
lines represents a signal from the possible new state.

electroproduction cross sections atW ≈ 1.7 GeV, shown in Fig. 11. Analysis of these data within
the framework of the reaction model [71] offers an evidence for the candidate state 3/2+(1720).
Signals from this possible new state can be seen in Fig. 11. If these signals will be confirmed in
the future combined analysis of the CLAS π+π−p photo- and electroproduction data (Table 3),
we would obtain an unambiguous evidence for long awaited “missing” baryon state.

Evaluation of γ∗NN∗ electrocouplings from CLAS π+π−p electroproduction data is in
progress. The γ∗NN∗ electrocouplings for almost all N∗ states will be determined at photon

11

Journal of Physics: Conference Series 299 012008	


N(1720),3/2+ candidate	
 The blue dotted curve use 
only the known  
resonances from the PDG. 
 
The red solid curve 
includes  extra resonance 
not seen from the PWA of 
πN data alone. 
 
Two pion production can 
see new resonance!!	
ep→e’pπ+π-	




World’s πN→ππN data	
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30 ISOBAR-MODEL PARTIAL-WAVE ANALYSIS OF nN —+mnX. . .

TABLE I. Summary of the number of events analyzed at each energy.

%77 P Total

1340+20
1375%15
1400+10
1440+10
1460+10
1480+10
1500+10
1520+10
1540+10
1565+15
1595+15
1620+10
1640+10
1660+10
1680+10
1700+10
1725+15
1755+1S
1790+20
1830+20
1870+20
1910+20

1664
3893
3646
3790
2074
7246
6224
5650
6230
2237
3065
0

7437
7411
8784
8377
6265
5442
1966
3543
4342
6036

11
145
826
1339
971
3776
4055
4671
5320
1598
1962
0

4177
4273
5340
5394
4594
4200
1352
2223
3382
4081

0
15
63
207
152
537
1160
795
1115
2704
2864
4203
7939
4071
4999
5375
5679
1316
4715
2322
8190
6445

0
2
15
48
36
128
250
143
183
481
483
621
1013
752
847
1007
524
18
228
0

557
0

1675
4055
4550
5384
3233
11 687
11 689
11259
12 848
7020
8374
4824
20 566
16507
19970
20 1S3
17062
10976
8261
8088
16471
16562

Total 105 322 63 690 241 214

W'+m„'+2m '=g W, ',
where W is the central energy of the bin, mz ——939 MeV
is the mass of the nucleon, m =139MeV is the mass of
the pion, and W; is the subenergy of the ith pair of final-
state particles (i=1,2,3). For each event, our procedure
required calculating

8'; =8; (threshold)+68;2
and scaling the three b, W; by the same factor.

III. THE ISOBAR MODEL
In this section, we summarize the main ingredients of

our isobar model. Detailed discussions of the formalism
have been presented elsewhere. '
The reactions mN ~mmN are assumed to proceed

through four intermediate quasi-two-body channels:

m N~m b,(P33),
mN~pN,
~N~eN,
m.N~mN*(P)) ) .

Here, e represents the strong, s-wave mw isoscalar interac-
tion. The importance of the eN, pN; and m.A channels is
now well established. However, the pN and m.h channels
alone are known to be insufficient for simultaneously
describing the reactions m+p ~m m+p and ~+p~m. +~+n
above about 1600 MeV. Because mN mass spectra reveal

that N* isobars are present in this energy range, our
analysis includes the least massive N*, the P~~(1440) or
Roper resonance. Other N* isobars were investigated and
found to be relatively unimportant (see Sec. V).
The total amplitude for a given charge channel can be

written as a coherent sum over all isobars and partial
waves:

(f
~
T

~

i) = gA„X„++A„,X„,++A„,X„,. (3.1)

Here, the index nr denotes the collection of quantum
numbers that describe the nth partial wave associated
with representation y, which describes, for mN~vrmN, .
the case in which particle y is the spectator and particles
a and P form the isobar [(a,P, y) =(1,2,3) and cyclic per-
mutations]. We define particles 1 and 2 to be the final-
state pions and particle 3 to be the final-state nucleon.
The X„arecomplex basis functions that depend on four
kinematic variables for describing an event at fixed total
c.m. energy 8'. The A„are partial-wave amplitudes. "ywhich are treated as variable, complex parameters.
As usual, we approximated the A„asconstants for"r

fixed total c.m. energy with all known functional depen-
dence on energy and angular variables absorbed by theX„.This approximation is believed to be inconsistent"y
with two-body unitarity which requires that the A„de-
pend on the isobar subenergy as well as on 8'. In an early
work, Aaron and Amado suggested that unitarity might
impose a rapid subenergy variation on the partial-wave
amplitudes. ' They later realized, however, that this vari-
ation was not present in the physical amplitudes since it
was associated with poles on an unphysical sheet. ' This

Only 240K events is abailable at present. 
These data were taken in bubble-chamber experiments in 1970’s.   	


D. Mark Manley et al., Phys. Rev. D 30 904	


Statistics are insufficient for multi-dimensional bining analysis. 	




World’s πN→ππN data	
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Only 240K events is abailable at present. 
These data were taken in bubble-chamber experiments in 1970’s.   	


TCS	


Muti-dimentional analyses are essential 
to determine DCC parameters	


Current	
  model	


Refit	
  F37	
  PWA	
  
keeping	
  	
  
N*	
  à	
  πΔ	
  off	


M(π0	
  p)	
 M(π+	
  p)	


M(π+	
  π0)	


Kamano, ELPH workshop C005	


VERY	
  	
  
PRELIMINARY	




World’s πN→ππN data	
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Only 240K events is abailable at present. 
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Outputs from E45	
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30 ISOBAR-MODEL PARTIAL-WAVE ANALYSIS OF nN —+mnX. . .

TABLE I. Summary of the number of events analyzed at each energy.

%77 P Total

1340+20
1375%15
1400+10
1440+10
1460+10
1480+10
1500+10
1520+10
1540+10
1565+15
1595+15
1620+10
1640+10
1660+10
1680+10
1700+10
1725+15
1755+1S
1790+20
1830+20
1870+20
1910+20

1664
3893
3646
3790
2074
7246
6224
5650
6230
2237
3065
0

7437
7411
8784
8377
6265
5442
1966
3543
4342
6036
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5320
1598
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4177
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1352
2223
3382
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4071
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4715
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3233
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11259
12 848
7020
8374
4824
20 566
16507
19970
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17062
10976
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8088
16471
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Total 105 322 63 690 241 214

W'+m„'+2m '=g W, ',
where W is the central energy of the bin, mz ——939 MeV
is the mass of the nucleon, m =139MeV is the mass of
the pion, and W; is the subenergy of the ith pair of final-
state particles (i=1,2,3). For each event, our procedure
required calculating

8'; =8; (threshold)+68;2
and scaling the three b, W; by the same factor.

III. THE ISOBAR MODEL
In this section, we summarize the main ingredients of

our isobar model. Detailed discussions of the formalism
have been presented elsewhere. '
The reactions mN ~mmN are assumed to proceed

through four intermediate quasi-two-body channels:

m N~m b,(P33),
mN~pN,
~N~eN,
m.N~mN*(P)) ) .

Here, e represents the strong, s-wave mw isoscalar interac-
tion. The importance of the eN, pN; and m.A channels is
now well established. However, the pN and m.h channels
alone are known to be insufficient for simultaneously
describing the reactions m+p ~m m+p and ~+p~m. +~+n
above about 1600 MeV. Because mN mass spectra reveal

that N* isobars are present in this energy range, our
analysis includes the least massive N*, the P~~(1440) or
Roper resonance. Other N* isobars were investigated and
found to be relatively unimportant (see Sec. V).
The total amplitude for a given charge channel can be

written as a coherent sum over all isobars and partial
waves:

(f
~
T

~
i) = gA„X„++A„,X„,++A„,X„,. (3.1)

Here, the index nr denotes the collection of quantum
numbers that describe the nth partial wave associated
with representation y, which describes, for mN~vrmN, .
the case in which particle y is the spectator and particles
a and P form the isobar [(a,P, y) =(1,2,3) and cyclic per-
mutations]. We define particles 1 and 2 to be the final-
state pions and particle 3 to be the final-state nucleon.
The X„arecomplex basis functions that depend on four
kinematic variables for describing an event at fixed total
c.m. energy 8'. The A„are partial-wave amplitudes. "ywhich are treated as variable, complex parameters.
As usual, we approximated the A„asconstants for"r

fixed total c.m. energy with all known functional depen-
dence on energy and angular variables absorbed by theX„.This approximation is believed to be inconsistent"y
with two-body unitarity which requires that the A„de-
pend on the isobar subenergy as well as on 8'. In an early
work, Aaron and Amado suggested that unitarity might
impose a rapid subenergy variation on the partial-wave
amplitudes. ' They later realized, however, that this vari-
ation was not present in the physical amplitudes since it
was associated with poles on an unphysical sheet. ' This

Improvement of  the world’s πN→ππN data by factor of 100 times. 
Uniform coverage of the wide W range of the nucleon resonance.   	


	
  
	
  
	
  
	
  
	
  
	
  
	
  
	


   ： 
2100 
2125 
2150	


Momentum range 
of incident π 
beam (GeV/c) : 
0.73 – 2.0 
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~1M events / ΔW	
Total ~10k events/ ΔW	


Now, J-PARC is 
the only facility 
that can address 
this deficiency.	
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              Search for H-dibaryon 
    Stable and compact 6-quark state (uuddss)  

Lattice-QCD calculations 
Binding energy：-13 ~ +7 MeV 
H may be slightly bound or 

unbound 
 

Experimental search 
• Peaks observed at KEK-E224, 

E522 around LL mass 
threshold 

– Indication of H? 
– Statistics not enough 

 
High statics experiment 
at J-PARC 
 

Physical p mass 

KEK-E522 
90 LL 

m-2mL(MeV/c2) 

J-PARC E42: Search for H-dibaryon	
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HypTPC	
  test	
  
with	
  55Fe	
  (x-­‐ray)	
  source	
  

ΔE/E :14.3 ± 0.2 % 

5.9 keV peak 2.7 keV peak 

Gain : 120fC, Shap T: 70ns, GEM Curr.: 315 µA 

(Peak)/(Esp. Peak): 0.52 ± 0.01   
Diffusion size : 1.87 ± 0.02 mm  

cf. prototype TPC(5 cm to 10 cm)  
: 1.7 ~ 2.0 mm  

The TPC operation is consistent with the prototype TPC!!  3

Search for the H-dibaryon, E42

d

u

s

d

u

s

?

Proposal for the H-dibaryon 
Search at J-PARC 

Theoretical and Experimental 
Review on H-dibaryon Search 

Search'for'the'H,dibaryon'near'�� threshold'' ahnjk@pusan.ac.kr'

   

 

H-Dibaryon as a �� Resonance?  H(2250) 

• Weakly-bound : H → Λpπ weak        
decay  
• Virtual state : ΛΛ threshold effect  
• Resonance : Breit-Wigner peak in the 
ΛΛ mass spectrum.

R. L. Jaffe, Phys. Rev. Lett. 38, 195 (1977)

E522 @ KEK

E42 experiment
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Spectrometer 

We expect to measure 11000 ΛΛ events and 1440 H(2250) events for 1.0 μb/sr

J-PARC E42: Search for H-dibaryon	


12C(K-,K+)X at 1.6 GeV/c 
H→2Λ→ppπ-π- 

Lower	
  Limit:	
  7	
  MeV	
  (6ΛΛHe)	
  	


0.2	
  ub/sr	


1.0	
  ub/sr	
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Bird’s eye photo in January of 2008 

Neutrino Beams　
(T2K experiment)	


Hadron Exp. 
Facility	


Materials and Life 
Experimental Facility	


3 GeV 
Synchrotron	


400 MeV 
LINAC	


J-­‐PARC	
  (MW	
  proton	
  synchrotron)	
  	


Tokai	


Osaka	
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Bird’s eye photo in January of 2008 

Neutrino Beams　
(T2K experiment)	


Hadron Exp. 
Facility	


Materials and Life 
Experimental Facility	


3 GeV 
Synchrotron	


400 MeV 
LINAC	


J-­‐PARC	
  (MW	
  proton	
  synchrotron)	
  	


Tokai	


Osaka	


500kW	
  /	
  1MW	
  (50%)	

27kW	
  /	
  270kW	
  (10%)	
  
10^13	
  ppp	
  
2s	
  flat	
  top	
  /	
  6s	
  repeUUon	


340kW	
  /	
  750kW	
  (45%)	




Hadron Experimental Facility

Λ,Ξ N 

Z 
Λ,	
  Σ	
  Hypernuclei	
  

ΛΛ,	
  Ξ	
  Hypernuclei	
  

St
ra
ng
en

es
s	


0

Hypernuclei	
  

-­‐1	
  

-­‐2	
  

K1.8

KL

High p 

(Under Construction)SKS 

K1.8BR
K1.1

d �

u �
u �

d �
s�

Pentaquark Θ+
ΛΛHe6

Free quarks Bound
quarks

Why are bound quarks heavier？	
 

Quark

Vector meson in nucleusKaonic nucleus 

Implantation of
Kaon and the 

nuclear shrinkage	


K meson

2014/03/17	
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J-­‐PARC	
  HI	
  WS,	
  K.	
  Ozawa	


E16	


2015	
  (cycle	
  ~	
  6s)	
  
1013/cycle	
  p	
  beams	
  
107/cycle	
  π	
  beams	
  	
  
105/cycle	
  K	
  beams	
  	
  
E45	
  :	
  1M	
  pion	
  	
  	
  	
  	
  ✔	
  
E42	
  :	
  1M	
  Kaon　　	
  

Details	
  of	
  Hadron	
  Physics	
  Programs:	
  
	
  	
  	
  	
  	
  	
  Kiyoshi	
  TANIDA,	
  Pleanary	
  28-­‐2	




Measure (π,2π) in large acceptance TPC in dipole magnetic field 
  π-p→π+π-n, π0π-p           2 charged particles + 1 neutral particle 
  π+p→π0π+p, π+π+n                                          →missing mass technique 
　	

　πN→KY (2-body reaction) 
    π-p→K0Λ,  
    π+p→K+Σ+  (I=3/2, Δ*) 

π+- beam on liquid-H target 
(p= 0.73 – 2.0 GeV/c 
W=1.5-2.15 GeV) 
 
LH target: Φ5cm 

LH	
  target	
  

18 

E45	
  HypTPC	
  Spectrometer	
  

Hyp-TPC Superconducting Helmholtz 
Dipole magnet (1.5 T) 

Trigger with hodoscope 

π beam 
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 5

Hyperon Time-Projection-Chamber

Sensitive volume 
φ 576 

Target holder

Diamond target

Gas vessel

Field cage

GEM, Gating grid,  
Read-out pad

E = 180 V/cm

B = 1.0T

P10 gas

ionization

e-

55
0 

m
m

K- beam

•GEM amplification  
  (High count rate, 106)  
•Large Acceptance  
  (almost 4π)  
•Target is inside TPC  
  (Detection of short lived particle) 
•High resolution.  
  (ΔM≈1MeV/c2, Δp/p≈3% ) 
•Long term operation

3D rendering view of HypTPC

position : 300um, Δp/p : 2-6 % (π,p)	
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Missing mass resolution

 14

Missing mass technique and coplanarity can identify neutral particles. 
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σ	
  of	
  MM	
  is	
  ~	
  50	
  MeV/c2,	
  	
  	
  (	
  Mass	
  	
  	
  	
  	
  π0:	
  134,	
  	
  	
  	
  	
  	
  neutron:	
  940	
  )	
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Acceptance

 15

Momentum of Proton > 300 MeV/c (energy lose in target is large)
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 π-p → π-π0p
 π+p → π+π+n
 π+p → π+π0p
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: 1.235 GeV/c
: 2.0 GeV/c

π+p → π+π0p reaction
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Realistic simulation
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GEANT4 simulation

π- beam : 1.435 GeV/c

π- π+

proton

proton]•)πCoplanarity [(beam x 
-1 -0.5 0 0.5 1

C
ou

nt
s

0

500

1000

1500

]4/c2 [GeV2MM
-0.1 -0.05 0 0.05 0.1 0.15

C
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s

0

500

1000

1500

2000

2500

3-body reaction

MM2(π±p)

Elastic scattering 
(Same trigger condition)

Cut on coplanarity cut. 
Only 3-body reaction can 

be survived.

Rejected events by 
coplanarity cut

π-p → π-π0p reaction

Background	
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π-­‐	

π-­‐	


p	
 coplanarity	
  
=cosine	
  of	
  angle	
  
Between	
  	
  p1	
  and	
  
(p2xp3)	
  
	
  
0:	
  p1,p2,p3re	
  in	
  
the	
  same	
  plane	


p1	

p2	


p3	


πp:  σtotal = 40 mb 
 
(π,２π) cross section : 2 - 10 mb 
 
elastic scattering : 10 – 30 mb 
(Dominant background) 	




Milestones

 7

2011. 1. Beam test of the prototype TPC at ELPH 
        Stable operation  
2011. 11. High rate beam test of the prototype TPC at RCNP  

Confirmed high counting rate operation 106 
2013. 3. Begin of the fabrication of the HypTPC  
2013. 4. Operation test with B-field at J-PARC (FM magnet) 
2014. 4. GEM and readout pad were ready. 
2015. 2. Full readout pad of the HypTPC was ready. 

1st prototype TPC

20 cm
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2015. 3. 256/5768 ch (5%) readout with 10cm drift volume was ready. 
2016. 3. 100 % readout with 55cm (full size) drift will be ready.  	
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Configuration of Readout-PAD

 25

Inner pad : 10 layers, 2.1 - 2.7 x 9 mm2 
Outer pad : 23 layers, 2.3 - 2.4 x 12.5 mm2 

Read-out pad :5768

Beam

Target 
position

Colours show read-out channels for each AsAd board. 
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Readout PAD and GEM electrode

 6

Readout PAD

Target

GEM electrode

Number of pads : 5768 
Inner PAD : (2.1-2.7) x 9 mm2 

Outer PAD : (2.3-2.4) x 12.5 mm2

The GEM electrode has a small 
devision in target section, due to 

the large multiplicity.

1

10

210

310

Z-position (mm)
-300 -200 -100 0 100 200 300

X-
po

si
tio

n 
(m

m
)

-300

-200

-100

0

100

200

300

Target
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 8

•HypTPC is ready with full size of read-out pad

Construction of the HypTPC
Gold-coated Cathode

Field-wire plane

Gating grid 
(2mm pitch)

GEM (3 layers) &  
read-out PAD

Conversion board 
(read-out pad to 

read-out circuit)

10
 c

m

March 2nd, 2015

50um	
  +	
  50um	
  +	
  100um	
  
Gain	
  ~104	




DAQ electronics (GET system) 
Scaclay, GANIL, MSU, CERNBG	




AsAd	


ZAP	


256ch/	
  board	
  12bits	
  ADC,	
  512	
  cells	


DAQ electronics (GET system)	




Cobo	
  (uTCA),	
  1024ch	
  (4AsAd)	
  
Max.	
  11Cobo	
  in	
  a	
  crate	


DAQ electronics (GET system)	




Connec4on�
  

gilles.wittwer@ganil.fr 

GET training 
 June 2nd-5th, 2014 

Nishina Center - Riken, Japan 

L0 
INH 

AUX ACCEPT(JP Mode) 

Trigger Request 
Dead Time 

2 Logical Inspections 

CENTRUM or JPARC coupling 
or 5 sclaler counter inputs 

Inter shelves connection 
(between Master MUTANT et slave MUTANT)  

Serial ports 
attached 

to each PPC440 

Front panel 
JTAG 

Optical 
Coupling 
(with clock) 

Copper Clock 
I/O 

To network 

2 Logical Inspections at the back of MUTANT 
+ 1 clock output (LEMO connectors) 

All the signal are NIM and fast (F > 100 MHz) 
Logic 0 ->   0 V 
Logic 1 -> - 800 mV 

Signal'Assignments'
'
''''MUTANT'''''''''''''J"PARC'
'
1:'L0'''''''''''''''''''''''''Trigger'1'
2:'''''''''''''Fast'Clear'
3:'''''''''Trigger'Request'
4:'Dead'Time''''''''''Busy'
5:''''''''96bit'event'tag�

①�
②�

③�

④�

⑤�

J"PARC'Tag�

Mutant	
 J-­‐PARC	
  EV-­‐tag	
  	
  receiver	


Trigger	
  and	
  Event	
  tag	
  controller	
  	


DAQ electronics (GET system)	




DAQ	
  PC	


AsAd	
  (256ch)	


R-­‐CoBo	


HypTPC	


DAQ electronics (GET system)	
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 9

Gain test with an induced charge

220 pC 
138 pC 
87 pC 
55 pC 
35 pC
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Induced charge to 
last GEM

Pulse shape of AsAd board, 120fC, 232ns AGET1 AGET2 AGET3 AGET4

Reading pad

Induced GEM

Short wiring long wiring

AsAd r-CoBo

GEM voltage 
divider

Gain uniformity is good. 
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X-ray measurements

 10

ADC distribution

2D-gaussian fitting

Coincidence trigger

X-ray from Fe-55 
5.9 keV

e-

2.2. Front end electronics

Preamplifiers, shaping amplifiers, and flash ADCs (FADCs) are
used for the pad signal readout. The parameters for the electronics
system are summarized in Table 3. Signals from the pads are
amplified by charge-sensitive preamplifiers and shaping ampli-
fiers. The amplified signals are digitized by the FADCs. Due to the
limited number of electronics, only 80 channels are read out,
which correspond to 80 pads in the entire 4 mm-wide pad section,
and five sets of preamplifier, shaping amplifier, and FADC.

The total gain of the system was obtained as 0:8470:08 V=pC,
by injecting a rectangular test pulse to the preamplifier input and
measuring the ADC peak.

2.3. Gas

Two kinds of gases, P-10 (Ar–CH4 (90:10)), and Ar–CF4 (95:5),
are used to study the performance. Their properties are summar-
ized in Table 4. The drift velocity was measured in the beam test as
described in Appendix B.

We adopt P-10 [29–31] as the operation gas for HypTPC, and
use it mainly in the following tests, due to the following reasons.

The maximum drift velocity of Ar–CF4 (9.5 cm/μs) is higher
than that of P-10 (5.3 cm/μs), which has advantage for high rate
operations for a lower accidental track rate. However, the higher
electric field applied for Ar–CF4 requires more difficult discharge
protection in 2–3 cm gap between the cathode plane and the
grounded gas vessel, where the cathode potential is !10 kV for
P-10 and !19 kV for Ar–CF4 with the drift length of 55 cm.

The larger electron diffusion of P-10 also enables better position
resolution because of charge sharing among more detection pads.
Based on the transverse diffusion rms of 0.18 mm

ffiffiffi
L

p
for P-10 in 1 T

magnetic field (Table 4), where L is a drift length in cm, the transverse
diffusion rms is 0.90 mm for the drift length of 25 cm. The diffusion
rms of Ar–CF4, on the other hand, is about a half of this value.
Comparing these diffusion rms with typical pad widths of 2–3 mm,
P-10 has a larger number of pads with signals than Ar–CF4.

In addition, P-10 has much less frequent discharge in GEMs at
the gain of the 104 level, as discussed later in Section 4.1.

The typical differential gas pressure and gas flow of the
prototype TPC were 0.00–0.08 MPa and 50–100 ml/min, respec-
tively. The gas pressure was controlled by a reducing valve which
was attached directly to the gas cylinder.

3. Laboratory tests

We performed laboratory tests using radioactive sources to
determine operating conditions and evaluate basic performance.
We first evaluated the gain using an X-ray source with a test
chamber setup as shown in Fig. 5.

Fig. 6 shows the distribution of ADC sum within a cluster with
the 55Fe X-ray source using P-10 at VGEM ¼ 330 V. The cluster
reconstruction algorithm is described in Appendix C. Both the
5.9 keV main peak and the 2.7 keV escape peak are observed in the
spectrum. Both the peaks are fitted by a double-Gaussian function.
The relative energy resolution of the main peak is evaluated to be
12:570:1%, which is comparable with the resolution of 11% in
another GEM TPC [20].

Table 3
A summary of electronics for the prototype TPC.

Electronics Parameter Value

Preamplifier No. of channels 16
Integration time 132 ns

Shaper amplifier No. of channels 16
Shaping time 200 ns

PreampþShaper amp Gain ðGampÞ 0:8470:08 V=pC

Flash ADC No. of channels 16
No. of time-bin 1024
Full range 2 V
Frequency 40 MHz

Table 4
A table for properties of P-10 and Ar–CF4. DT denotes a transverse diffusion
coefficient ðmm=

ffiffiffiffiffiffiffi
cm

p
Þ.

Parameter P-10 Ar–CF4 (95:5)

Drift velocity (cm/μs) 5:370:1 9:570:1
Drift field (V/cm) 180 320
DT (B¼0) 0:5670:01 [27], 0.58 [28] 0.29 [28]
DT (B¼0, uncorrected) 0:4870:01 0:1770:11
DT (B¼0, corrected) 0:6470:07 0:3370:07
DT (B¼1 T) 0.18 [28] 0.09 [28]

Fig. 5. The setup for the laboratory tests. Instead of the field cage, a cathode plane
made of a GEM sheet is positioned at 2.2 cm above the gating grid. On the Mylar
window of the test chamber, radiation sources are placed.

ADC (channel)
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Fig. 6. The distribution of the ADC sumwithin a cluster using the 55Fe X-ray source
with P-10 at VGEM ¼ 330 V.

H. Sako et al. / Nuclear Instruments and Methods in Physics Research A 763 (2014) 65–8168

prototype TPC
ΔE/E:12.5 ± 0.1 %

e-

3.2 keV  
escaped X-ray

5.9 keV 
peakescape  

peak 
2.7 keV

readout PAD  
(10 x 2 pads)
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Diffusion size (mm)
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X-ray spectrum

 11

ΔE/E :14.3 ± 0.2 %

5.9 keV peak2.7 keV peak

Gain : 120fC, Shap T: 70ns, GEM Curr.: 315 uA

(Peak)/(Esp. Peak): 0.52 ± 0.01  
Diffusion size : 1.87 ± 0.02 mm 

cf. prototype TPC(5 cm to 10 cm)  
: 1.7 ~ 2.0 mm 

The TPC operation is consisted with the prototype TPC!!



Summary	


•  Phyics programs with HypTPC 
–  J-PARC E45 : Studies of baryon resonances in (π,2π) 

rection 
   π-­‐p→π+π-­‐n,	
  π0π-­‐p	
  ,	
  π+p→π0π+p,	
  π+π+n	
  	
  

        πN→KY	
  (	
  π-­‐p→K0Λ,	
  	
  π+p→K+Σ+)	
   
   → 100 times improved (π,2π) data 
–  J-PARC E42 : Search for H-dibaryon 
   12C(K-,K+)X,  resonance H → ΛΛ、 bound H→Σ-p, Λpπ- 

   → 11000 ΛΛ events (1440 H resonance, 1ub/sr)  
                                              KEK-E522 90ΛΛ events 

•  Spectrometer system including HypTPC will be ready 
for beams in 2016. 
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