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Contents of this talk

Hyperon Time Projection Chamber (HypTPC)

* Phyics programs with HypTPC

— J-PARC EA45 : Studies of baryon resonances in (7,
21) rection

— J-PARC E42 : Search for H-dibaryon
* Development status of HypTPC

* Summary



J-PARC E45

Studies of Baryon resonances 1n (7,27) reaction for

* Deeper understanding of non-pertabative QCD

* Preceise measurements of baryon resonance
properties

— Many resonance have not been established
experimentally

— iN—7aN: “Critical missing piece” for the N*
spectroscopy

— New ntN—nnN data will provide
1.s1gnificant modifications to the current N* mass
2.discovery of new N* states.

* Search for new type baryon states
— ¢.g. hybrid baryons (qqqg)

NSTAR2015 3



Baryon spectroscopy :
Physics of broad and overlapping resonances

D. H. Perkins, Introduction to High Energy Physics )
99 ow W 1sov v Width: a few hundred MeV.
' S v | . ¥ Resonances are highly overlapped
o S B ) in energy except A(1232).
S 2 8 & TR
< s = 3 3 1 . i :
p N & T I —Complicated Partial Wave Analysis
i \ 3 to extract hidden resonances
190 o
N . =~ A . .
794 Measure cross sections as a function of
" | ;. L - incident pion energy
1 60f I pZ | Z #;_ - Scattering angle
o L ! '. l ey % | In broad range (with fine bins)
® a0 I\ v ( < | to extract resonance poles
Threshold j" f"
20 _
) TP t .
- Resonances in PDG
5N 4 M A P NN IO S O 0% RO o] N (S W |
0 10 1.2 1.4 1.6 1.8 2.0 2.2 24

Invariant mass of np system, GaV —

NSTAR2015



New type baryon states

* Recent Lattice QCD calcurations show a new
aspect in the nucleaon resonance spectrum.

— They predict hybrid baryons (gluonic excitations).

N* A*
=B 3+ 5+ 7+ i i+ 3+ 5+ 7+
2 2 2 2 : 2 2 2 2
@ sof — o [
@ - = |
£ - .-
g o5 3 i
— ——
3 3 = ; =
? ~ 20} H
o E I
© |
Z l
sr Hybrid baryonsj. =
1 NE39) (9qq9) i _
: mx = 396 MeV |

J. Dudek et al., PRDS5 (2012) 054016
NSTAR2015



Status of NV* resonance

Status as seen in —

Nn No Nw AK YK Np Am

PDG2014 -
Particle J©  overall TN N
N 1/2+ Kk K
N(1440)1/2+ sokkk kkkk skokskok
N(1520)3/27 sk sk sokokok
N(1535) 1/27 sk sk ovokok
IV(1650)1/2_ sokkk kkkk kokk
N(1675)5/27 sk sokkx siokok
N(1680)5/27  sotss st ook
N(1685) ?7
N(1700) 3/27 sk skx ok
N(1710) 1/2+ sokk kkk kokk
N(1720)3/27  sorkx sk Honx
N(1860)5/27 #x  *x
N(1875)3/27 **x *%%
N(1880)1/27 #x =« *
N(1895)1/27  sx * ok
N(1900)3/27  skx  xk ok
N(1990) 7/27 s #x  xx
N(2000)5/27 % x ok
N(2040)3/27
N(2060)5/27 *x %k %
N(2100)1/27
N(2150)3/27 *x *ok *%
N(2190) 7/27  sxkk  sokkx  sokok
N(2220)9/27  sorrx ook
N(2250)9/27  sokkx  sokonok

*3%k%k

k%%

*okkok

kkk

% k%

*kk

kkk

*%

k%

*%

k%

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

*%

k%

k%

*

k%%

*3kk

k%

*okk

X%

*kk

)k

*%k

* %

)%

*%

k%

k%

* %

*3%

k%%

%k

k%

kkk

kk

kk

ES

*3%kk

*kk

kkx

K%k

kkk

kKK

k%

k%%

k%

*%

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 N — z©N data. But,
many of high mass resonances has
strong coupling to nnN final states.

Precise new data on phtonproduction
is available from (Bonn, Mainz, Jlab,
Spring-8,...)

Good data for tN—nnN is still highly
desirable to search for missing
resonances.
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Importance of TN
(Width of N* resonances)

Over half of the decay branchig fraction goes into 27 channel.

350 I I I I I I I I

1
nN
nN
300 - ule KA I 7
KX s
/I

2Im(Mpole) (MeV)
|

—_
)
1S)
|
[ ]
|

[
(9]
o

T
|

A A A A, ¢

7y 7y 7o 7

%’r;)‘;’r;)%
AN NG
g v Y v

Kamano, Nakamura, Lee, Sato, 2012 NSTAR2015



Importance of TN
(Two p1on production from CLAS)

Journal of Physics: Conference Series 299 012008

o integr. mcbn

N(1720),3/2+ candidate The blue dotted curve use
only the known
resonances from the PDG.

Q’=0.65 GeV*

The red solid curve
includes extra resonance
not seen from the PWA of
nN data alone.

Two pion production can
see new resonance!!

ep—e’ pntmn-

1.4 1.5 1.6 1.7 1.8 1.9 2 21
W GeV

NSTAR2015



World’s iN—nanN data

Only 240K events 1s abailable at present.
These data were taken in bubble-chamber experiments in 1970°s.

TABLE 1. Summary of the number of events analyzed at each energy.

W (MeV) mtTn 77 p m°atp 7trtn Total
1340+20 1664 11 0 0 1675
1375+15 3893 145 15 2 4055
1400+ 10 3646 826 63 15 4550
1440+10 3790 1339 207 48 5384
1460+ 10 2074 971 152 36
1480+ 10 7246 3776 537
1500+ 10 6224 4055 1160
1520+10 5650 4671
1540+10 6230 5320
1565+15 2237 7020
1595+15 3065 8374
1620+ 10 4 621 4824
1640+10 1 7939 1013 20566
1660+10 4071 752 16 507
- o4 5340 4999 847 19970
8377 5394 5375 1007 20153
6265 4594 5679 524 17062
1755+15 5442 4200 1316 18 10976
1790+20 1966 1352 4715 228 8261
1830420 3543 2223 2322 0 8088
1870+20 4342 3382 8190 557 16471
1910+20 6036 4081 6445 0 16562

Total 105322 63690 64 866 7336 241214

D. Mark Manley et al., Phys. Rev. D 30 904 NSTAR2015




World’s iN—nanN data

Only 240K events 1s abailable at present.
These data were taken in bubble-chamber experiments in 1970°s.

Kamano, ELPH workshop C005 Muti—dimentional analyses are essential
to determine DCC parameters
o4 Fy s - Fyy M(rt0 p) M(rt+ p)
0.2 T 04

1200 1500 1800 2100
W MeV)

—

1 0.2

0
1200 1500 1800 2100
W (MeV)

atp - atalp

= Current model -

Refit F37 PWA
—— keeping
N* = nA off

M (rt+ m0)
TCS

VERY
PRELIMINARY
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World’s iN—nanN data

Only 240K events 1s abailable at present.

These data were taken in bubble-chamber experiments in 1970°s.

Kamano, ELPH workshop C005

1200 1500 1800 2100

W (MeV)

—

04

0.6 - F

37

0.2

0
1200 1500 1800 2100
W (MeV)

atp - atalp

Current model -

Refit F37 PWA
keeping
N* = nA off

TCS

Muti—dimentional analyses are essential

to determine DCC parameters

M(m0 p)

//\

VERY

PRELIMINARY

NSTAR2015

B 8 & 5 & ¢

M(rt+ p)
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Outputs from E45

Improvement of the world’s tN—nnN data by factor of 100 times.
Uniform coverage of the wide W range of the nucleon resonance.

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

W (MeV) amtTn 7°rp 7°rtp rtrtn Total
1340+20 1664 11 0 0 1675
1375415 3893 145 15 2 4055
1400+ 10 3646 826 63 15 4550
1440+ 10 3790 1339 207 48 5384
1460+ 10 2074 971 152 36 3233
1480+ 10 7246 3776 537 128 11687
1500+ 10 6224 4055 1160 250 11689
1520+ 10 5650 4671 795 143 11259
1540+ 10 6230 5320 1115 183 12848
1565+15 2237 1598 2704 481 7020
1595+15 3065 1962 2864 483 8374
1620+10 0 0 4203 621 4824 _ 1
Momentum range 1620+ 10 . - 4203 o a2t Now, J-PARC i1s
s 1660+ 10 7411 273 4071 752 16507 1:
of incident 7 1680+ 10 8784 5340 4999 847 19970 the Only faCIhty
) 1700+ 10 8377 5394 5375 1007 20153
beam (GeV/c) : 1725415 6265 2594 679 524 17062 that can address
1755+15 5442 4200 1316 18 10976 . .
0.73-2.0 1790420 1966 1352 4715 228 8261 this deﬁCIenCy.
1830420 3543 2223 2322 0 8088
1870+20 4342 3382 8190 557 16471
~ 1910420 6036 4081 6445 0 16562
5 |
= ' ~
50 2100 Total ~10k events/ AW IM events / AW
o —
= 2125
-
o
O 2150

NSTAR2015 12



J-PARC E42: Search for H-dibaryon

Stable and compact 6-quark state (uuddss)

Lattice-QCD calculations - {
Binding energy:-13 ~ +7 MeV $ e | :
H may be slightly bound or S
unbound L (S
Experimental search Physical © mass™ "
« Peaks observed at KEK-E224, KEK.E52
ES522 around AA mass 90 AA

threshold

— Indication of H?
— Statistics not enough

a

High statics experiment e
at J-PARC NSTAR2015 M MeVie) 3




E522 @ KEK

PHYSICAL REVIEW C 75, 022201(R) (2007)

J-PARC E42: Search for H-dibaryon

25+ T P - Combinatorial

=== Phase Space for
K 2C—""Be(g.s.) KTAA
€ e INC (ESI OFF)

D INCHFSI (£552)

* Weakly-bound : H — Apm weak

{(d"g/di2dm) pb/ (sr /.5 MeV/c™)

L5} TE _ mNearst (ESC04d)
l ‘ decay Lower Limit: 7 MeV (,,He)
Al
* Virtual state : AA threshold effect
‘\ . ’ : * Resonance : Breit-Wigner peak in the .
¥ 3 2 A mass spectrum. 0 1

S

. 2
R. L. Jaffe, Phys. Rev. Lett. 38, 195 (1977) AA Invariant Mass-2M, (MeV/c7)

2C(K-,K+H)X at 1.6 GeV/c ~ mMeasure 11000 AA events and 1440 H(2250) events for 1.0 ub/sr
H_)2Aﬂpp7[_7[_ NQE 30— 0-2 Ub/Sr
§ 25 H(2200) 2 ;
§ L + / /
g 2 Apm mode A '/
15— § /
10~ @ 10 00) — A p;rc'//
5 5}
0 = ‘
216 218 22 2220 224 226 228 23 [~ A’
V' mApxxGeve’) S "}
"o b= /
200, 1.0 ub/sr| & /
: H(2250) = / y
8" AA mode G / //
100) :‘3 1 4/ ( 50) — A
5 /I /.
50— 1 ﬁ - -2 -1
: @A 10 10 10 1
$551 224 226 228 23 232 234 2.36 Cross section (Mb/Sl')
IM(A A)(GeV/c?) 3
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Hadron Experimental Facility

2015 (cycle ~ 6s)
10%3/cycle p beams
O 107/cycle m beams
o 9 105/cycle K beams
E45: 1M pion
M Kaon

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

Hypernuclei

Strangen
ess

S He Pentaquark ©+

K meson
E16

Implantation of
Kaon and the
nuclear shrinkage
®e
°
Free quarks g&g&%

e Why are bound quarks heavier ?
: - 17
2014/03/17 " kaonic nucleus PARC WS K O Vector meson in nucleus



E45 HypTPC Spectrometer

Measure (ir,2m) in large acceptance TPC in dipole magnetic field
ap—mtan, Bxp 2 charged particles + 1 neutral particle
atp—alatp, Ttatn —missing mass technique

aN—KY (2-body reaction)
wp—KIA,
T p—K 2 (1=3/2, A7)

- beam on liquid-H target
(p=0.73 — 2.0 GeV/c
W=1.5-2.15 GeV)

LH target: ®5cm

Superconducting Helmholt
Dipole magnet (1.5 T)




Hyperon Time-Projection-Chamber

3D rendering view of HypTPC

Gas %1
Sensitive volume

i 576 * GEM amplification
P (High count rate, 10°)
Target holder e Large Acceptance
Diamond target P10 gas \ (almost 43-5)
i eTarget is inside TPC
A f o (Detection of short lived particle)
E =180 V/em * High resolution.

position : 300um, Ap/p : 2-6 % (m,p)

* Long term operation
GEM, Gating grid,
Read-out pad

%




Missing mass resolution

o of MM is ~ 50 MeV/c?, (Mass m0: 134, neutron:940)

(2~ + _* 0 %
E p(m U p)n J'EO E E p( ) n
%no 05| B-Field : IT o B-Field : IT
= B-Field : 2T S008 1 i or
7 ¢ 7
= 0.06 - ° E
S 0. = 0.06 |-
@) 1 o @) ®
. °
°
°
0.04 |- . o 0.04 |- .
° y °
° °
002 o 0.02 o e °
°
°
0 Lt : : : : : : : 0 L. x x x x x x x
06 038 1 12 14 16 18 2 06 08 1 12 14 16 18 2
n-beam momentum (GeV/c) n-beam momentum (GeV/c)

Missing mass technique and coplanarity can identify neutral particles.
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Acceptance

TT*p = TI'T1% reaction

8 Beam momentum : 0.835 GeV/c 8 np—ann
= :1.235 GeVle = np—nn'p
S :2.0 GeVie S ,
=y =y n'p—anp
@ 08 § 08
Q ¢2s ]
:ﬁ) ¢ ¢ ®3 () ¢ :E) °
XK 559 §§§§§§§ .0 o
(X 689 -
0635588 §§§§g§ 0.6 - o ° ()
® o
e9%ag, KX e
[
04|88 g8e s® 04| ®
02 02
°
0 | | | | | | | | | 0 | | | | | | |
-1 -08 -06 -04 -02 -0 02 04 006 08 1 0.8 1 1.2 14 1.6 1.8 2
€0S(O¢ a1 oroton) n-beam momentum (GeV/c)

Momentum of Proton > 300 MeV/c (energy lose in target is large)

15




TP: Gy = 40 mb

(m,2m) cross section : 2 - 10 mb

elastic scattering : 10 — 30 mb
(Dominant background)

coplanarity
=cosine of angle
Between pl and

(P2xp3)

0: pl,p2,p3rein
the same plane

Background

Elastic scattering
(Same trigger condition)

21500 F S -

8 .

&) | 2
1000 |- -

3-body reaction
500 s TN -
- ~~ N ~ ~ s .
0 I L ~* J,L s *,

-1 0.5 0 05 1

Tp — wi’p reaction
LA B L L AL BRI

Coplanarity [(beam x mt)*proton]

n n T T
c n :
32500 F 1 MM?(7tp) =
SINN: | 5
Zo%egected events by _E
1500qRplanarity cut Cut on coplanarity]cut.
. .. Only 3-body reactigh can
1000 - N be survived.—:
500 | | 0 -
0 C aED P L DO W PR
-0.1  -0.05 0 0.05 0.1 0.15
NSTAR2015

MM? [GeVZ/c™f



1t prototype TPC

Milestones

2011. 1. Beam test of the prototype TPC at ELPH
Stable operation
2011. 11. High rate beam test of the prototype TPPC at RCNP
Confirmed high counting rate operation 10°
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 readly.
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.

NSTA;ZOlS 23



Configuration of Readout-PAD

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

1 (3 layers) &
ead-out PAD

+ 50um + 100um
~104




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

TPC

BEM
MUTANT

AGET AGET AGET AGET

ADC

! Triggel-

ASAD Readout
(Zero Suppress)

Additional
Signal Processing

Metwork Transfer

GET Network Switch

Control &

“Fre &




—— ' DAQ electronics (GET system)

RAIITARMT

AGET AGET AGET AGET ﬂ

ADC ADC ADC ADC

ASAD Readout
{Zero Suppress)

SLLULLEL L L L § 3 S LT A
- - " - SO, TN,

Additional
Signal Processing

Metwork Transfer

ET Network Switch
256¢ch/ board 12bits ADC, 512 cells

ﬂ L
waee LControl& l
= ';;'5{ Monitaring 1 =

Data Server
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DAQ electronics (GET system)
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AGET AGET AGET AGET il
’

Trigger and Event tag controlle

BEM
MUTANT

|L Trigger

DAQ electronics (GET system)

Ell Multiplicities
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AGET | AGET AGET

ASAD Readout
{Zero Suppress)

Additional
Signal Processing

Metwork Transfer

GET Network Switch

~omputer Farm

AsAd (256ch) |

Trigger




Gain test with an induced charge
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%1200 - Induced 6h£1rge to- S .
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N ] 5
Q1000 - 220 pC ] § A " ;
800 [- 138 pC 3 o TFY \ & =
5 S R R T
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400 [ - 2 06
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X-ray measurements

' 5 s ADC distribution
-ray from Fe- 3.2 keV
SIkeV s escaped X-ray

(10 x 2 pads)
Coincidence trigger -10 -5 0 5 10
x pad (mm)

prototype TPC 2D-gaussian fitting

r . + (). 1-%%
ol AF/E:12.5 + ,‘ |

102 £

Number of counts

-
o
T T T TTIT

T

0 100 200 300 400 500 600 700 800 900
ADC (channel)




X-ray spectrum

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

n L | AL B B 7)) T T
S - e I S 800 |- ~
3 10? 52‘7 keV pea A\ 5.9 keV peak = o]
© / i O
; | ] 600 [ ~
- 3 400 - -
1 3 200 —
1100 g N ]
0 50 100 15 200 250 0 1 2 3 4
ADC [arb.] Diffusion size (mm)
AE/E :14.3 £ 0.2 % Difft%sion size 2 }.87 + (()).02) mm
. cf. prototype TPC(5 cm to 10 cm
(Peak)/(Esp. Peak): 0.52 £ 0.01 17 ~ 20 mm

The TPC operation is consisted with the prototype TPC!!
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Summary

* Phyics programs with HypTPC

— J-PARC EA45 : Studies of baryon resonances 1n (7,27)
rection

wp—~>atan, i°wp, ttp—>alatp, ttatn
aN->KY ( tp—>K°A, mtp—>K*2¥)
— 100 times improved (m,27) data
— J-PARC E42 : Search for H-dibaryon
RC(K,K*)X, resonance H— AA, bound H—Xp, Apm
— 11000 AA events (1440 H resonance, 1ub/sr)
KEK-ES522 90AA events

* Spectrometer system including HypTPC will be ready
for beams 1n 2016.

NSTAR2015
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