INPC2016

Re-Opening of Adeaide
Research Activities of

Hypernuclear & Hadron Physics at
J-PARC Hadron Hall

Kazuhiro TANAKA

Institute of Particle & Nuclear Studies, and
Particle & Nuclear Physics Division, J-PARC.

High Energy Accelerator Research Organization
KEK

Kazuhiro.tanaka@kek.jp




” y . 2 2 . . _ ,""’:N ,\‘* & N

' G SR T RS e N
& . . < ¥y E s N
T L7 Yoy L ="

; at Oka mul ;a Ibaraki-

\w\/.h







e vt J PARC

Bird’'s eye photo |
in January 201@. = =3 & Japan Proton Accelerator Research Complex

s

"



Goals at J-PARC

Target Nucleus Pion (r) o \

Proton (p)
Neutron (n)

O m==p-

Proton (p)
3 GeV, 50 GeV

~ Anti Proton (p)

\b‘Neutron (n)

Materials & Life Sciences at 3 GeV
Nuclear & Particle Physics at 50 GeV —
L R&D toward Transmutation at 0.6 GeV

— MW-class proton accelerator
(current frontier is about 0.1 MW)

Need to have high-power
proton beams
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Nuclear, Hadron, & Particle Physics at Hadron Hall

CP-Violation

High Density Nuclear Matter, Nucelar Force , @9 .
&, Hypernuclei .00
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B = Pentaquark ©* Origin of Mass
il Confinement

AA, = Hypernuclei

== A, 2 Hypernuclei

jib% Free quar ound quarks

Why are bound quarks heavier?
Mass without Mass Puzzle

K—-meson
Implantation of
Kaon and the
nuclear
shrinka%_

High Density
Nuclear Matter,
Nucelar Force

COMET
Beam line

u-e conversion
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Hadron Exp. Hall &
Experimental Setup
 Deeember 2015
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Hadron Hall Incident

Abnormal Shot Pulse Beam

« At around 11:55 on May 23 in 2013, the power supply
system of a special magnet in the 50 GeV Synchrotron

malfunctioned.
— 2x10"3 protons were extracted in a very short period of 5
milliseconds, while in normal operation 3x10'3 protons should have

been slowly extracted over 2 seconds.
Abnormal beam
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Target Heat Up
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Observed Gold Target

<«— Gold target observed
from the downstream: a
Tmm in diameter hole
was seen at the
downstream end.

Traces of sprayed-out
melting Gold at the Be
window at the downstream

These observations well match
with our simulation results.




Hadron Hall Incident

* The radioactive material leaked into the beam
line tunnel which housed the primary proton
beam line, because the target container was not
very tightly hermetically-sealed.

 The radioactive material leaked into the Hd-
hall since the airtightness of the beam line tunnel
was not perfect. At this point workers in the Hd-
hall were exposed to radiation.

* Due to operation of exhaust ventilation fans in the
Hd-hall, the radioactive material was released
to the environment outside of the radiation
controlled area of the Hd-hall and J-PARC.



* 34 out of 102 radiation workers staying in the
Hd-hall during the incident was internally exposed
to radiation. The maximum amount of their
radiation doses was found to be 1.7 mSv through
a whole-body counter measurement. Fortunately
medical examination confirmed the absence of
any adverse effects due to the radiation
exposure.

* The total amount of radioactive material released
Into the Hd-hall was estimated to be
approximately 20 billion (2x107°) Bq. The
radiation dose on the site boundary at the
location closest to the Hd-hall was estimated to
be below 0.29 uSv.



Countermeasures

* Hardware: against the insufficient airtightness!
— Strengthen interlocks including the accelerator side
— Airtight target chamber and gas circulation system
— Reinforced airtightness of the primary beam line
— Air exhaust system and monitors at the Hadron Hall

* Software: organization, manuals, training, education, etc.
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Current Production Target

Cooling water -

Temperature of each gold piece
was measured with
thermocouples every 100ms

¢0.5mm

| sheath thermocouples
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Restart of Hadron Beam
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Development of Beam
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ﬂPeb, 2009 - May, 2013: 1.26x1076 spills, 560 kW*days <—Before Hadron Incident
Apr, 2015 - Dec, 2015: 1.05x1076 spills, 2338 kW*days <«—in JFY2015
May, 2016 - Jun, 2016: 0.33x10”6 spills, 875 kW*days <—in June 2016 Run



Beam time useaq for

experiments
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A highlight of recent results

-- Charge Symmetry Breaking in AN
interaction from hypernuclear y-ray
spectroscopy (E13) --



Setup at K1.8 for E13-1

B Detect gamma-rays from hypernuclei

Pion
spectrometer
“SksMinus”

SMF

SKS magnet
25T)

Iron block
TOF —/J

SDC3 .4

Ge array
“u 1”7 1
Hyperball-)” |5, , Q13
Q12 Various
PID counters
; D4
Mass slit

K1.8 Beamline
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*He(K 1)
(p=1.5GeV/c)

0.98+0.03 1+,/

/2" T
E,=1.406
3 +0.002 3
H +0002 / He€
[present]
2.04£0.04 il
4
AH 2.39+0.03
4
Y AHe
B, [MeV]

Plenary Talk by Prof. Hiro Tamura on Wednesday

Talk by Dr. M. Ukai on Friday Morning Hall L




PHYSICAL REVIEW LETTERS

moving physics forward

Highlights Recent Accepted Collections Authors Referees Search

EDITORS' SUGGESTION

sH e Observation of Spin-Dependent

< Charge Symmetry Breaking in AN
Interaction: Gamma-Ray Spectroscopy
of 4 He

The energy spacing of the spin-doublet states in the f\He

hypernucleus indicate a large spin dependent charge
symmetry breaking in the AN interaction.

T.O. Yamamoto et al. (J-PARC E13 Collaboration)
Phys. Rev. Lett. 115, 222501 (2015)

Press-released from Tohoku U., KEK, JAEA, J-PARC



Toward double

strangeness systems
(EO7 and EO05)

Talk by Prof. K. Nakazawa, Thusday afternoon at
QCD session, Hall R6

Talk by Prof. T. Nagae, Friday morning at NSA
session, Hall L
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J-PARC EQ7: S=-2 Systems by emulsion

B Collect ~10%2 AA hypernuclear events from ~10% =, | Measure tracks
m AA interaction strength without nuclear effects by counters

B Measure E -atomic X-rays with Ge detectors

m Shift and width of X-rays -> E-nuclear potential = p“’:““i; ok
: P
m Stopped E- events identified from emulsion image
—> no background G ol

Diamond KURAMA

Tar[et magnet e : K* X rays
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Weak decays N
Emulsion and all the counters are beam-tested and ready. T e p
Under switchover from SKS to KURAMA now
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Dark Room for hybrid emulsion exp.




Prof. Nakazawa preparing

his hybrid em)ulsl_qn experlml%nt
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‘TaIk by Prof. K. Nakazawa,
E_Thusday afternoon at QCD session, HaII R6



S-2S spectrometer for EQS
2.9x10'° K-/day

AM< 2 MeV

Grant-In-Aid for
Specially
promoted researct
2011 - 2015, Total
~$3M

Construction of
S-25(QQD): ~3
years

* Installation in
2016

* Data taking in
2017 with > 50
kW !!

S-2S spectrometer
ver. 29Aug2014




S-2S spectrometer for EQS

{oo A p Ay 5 v’
- =1 11

All hee Big' Magnets are ready to be

installed!

Talk by S. Kanatsuki, Monday afternoon

Talk by Prof. T. Nagae, Friday morning at NSA
session, Hall L



Summary 0

* The beam operation at the Hadron Facility restarted from
April, 2015.

* The beam power at the restart was 24kW, and then
improved gradually to 42kW in December.

* Whole system, including the newly installed equipment,
worked properly during 2015 and 2016 run.
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Summary 1

Physics experiments re-started at the Hadron
Experimental Facility (HEF) of J-PARC after the recovery

works from the radiation leak incident.

The first physics papers have been published from the
several experiments using new data as well as
previously accumulated data.

Main nuclear physics experiments at HEF are now
going to S=-2 hypernuclei! via (K-,K+) reactions.

Thank you very much again for your continuous
support during our hardest days of Hadron Hall
Incident.

36



NEXT STEP

* The construction the high-momentum beam line, high-
p, with COMET branch will be completed soon. Mass
shift of phi meson would be the first experiment, and
other experiments are being discussed.

* Hadron Hall Extension was proposed to Government
and was selected one of 27 major big projects in
Science Council of Japan. Now discussion on the
extension is becoming active.

* An International workshop on HH Extension was held
on 5-6 March in 2016 by HUA and IPNS.

37



Experiments at High-p/COMET  ,..2 %

Neutrino-less muon

nuclear capture

(=p-e conversnﬁn) X _
y = M
§ HDReAD

u-e Conversion € lepton flavours
changes by one unit

$(1020)

e e e

South Annex




Next Step: Hadron Hall Extension




Next Step: Hadron Hall Extension

Both Nuclear Physics community and Hypernucleus Microscope
H.Igh El:ler.gy Phys_lcs c?mmumty gave HIHR: Very Precise spectroscopy with high—
high priority to this project. resolution and high—intensity secondary beams

Hypernucleus Factc;‘ry (S=-1,-2)

K1.1, 1.8: Ultimate research of ~ N R KL
S=-1 and -2 hypernuclei with PR

high—intensity Kaon beams . o =l - CP %ﬂ Discove
(™ o | urement

KL: Measurement of 100 CP
violating events to tackle a
quest on the matter—dominated
universe

K10: Nuclear matter with an extreme condition
with high—-momentum separated secondary
beams (Kaons and Antiprotons)

COMET: Search for u—e conversion with
the world—best precision of less than 10716



irternauorial vvorksnop Ol
Physics at the Extended
Hadron Experimental

Facility of J-PARC
~ March 5-6 2016 Tokai

61 participants i'hcluding 13 from abroad
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Backup



A Quest for High Intensity
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Beam Power : Plan vs Reality
1 MW achieved in Jan, 2015

MR::so far 0.38 MW for FX ; 1.3 MW reachable with new PS++

.................................................................................

0.6 | W MLFoneshot
@ MILF achneved ................ Y

Beam power [MW]

i (user operanon) —

0.2

12008 2009 2010 2011 2012 2013 2014 2015 2016 2017
The 22nd J-PARC PAC JFY
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Result of Thermal Analysis of Target (50kW)

In normal operation (2-sec extraction)
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Countermeasures on target
against recurrence of the accident

Large mass-number, high density, small beam spot
Difficult to make a target which can withstand against any short-pulse

beams
Machine room Primary beam line
Countermeasures
Exhaus

> Prevention of t stac ~ - - — -| Gas circulation system (New) |-

radioactive materials Gas |

| k . f storage Inert gas circulator

eakK even In case O tank for Radiation monitor -

target failure Filter emergenc Pressure monitor i
I : Target
> Airtightness of target Redirection in : /
|-
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» Improvement of
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Counts/keV/hour
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EHeh AGel—k
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@ ,, ,4’\ Beam spectrometer
4 \ Ap/p = 0.042% (FWHM)
\/ ¥ @1.1 GeV/c
/;?\‘ K1.1 area

Detectors are the same as E13-1
‘\\ Almost all of them are ready.
Qn =

SMF_—"_
Hyperball-J it LC

BH2

BAC2—!

SKS spectrometer
Ap/p = 0.2% (FWHM)

Am < 2.5 MeV (FWHM) 2m
(<< target effect ~ 5 MeV) sKs




Two YOKOZUNAS in South




Restart of Hadron Facility




COMET

Construction
Status







