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A\ binding energy of hypertriton

Emulsion Experiment
(1960's~70's)

A binding energy of 3,\H

(3-body decays)
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Lifetime of hypertriton

World data of hypertriton’s lifetime
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Lifetime of hypertriton

World data of hypertriton’s lifetime
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Hypertriton puzzle

B, = 0.13 MeV @) < =215 ps

Decay pion spec. [MAMI-C] New measurement [ELPH]
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Hypernuclear experiment
with photon beam
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Hypernuclear lifetime measurement with photon beam

Meson beam | Electron beam Photon beam
Channel n—-A p—-A
[PH(1t* K*)3\H] [PHe(y,K*)*AH]
Cross section | ~10 ub / sr ~ 100 nb /sr
Beam Int. 107 1083~ e 107y
(/sec) — 10910 y*
Target Thick | afew g/cm? 0.1 g/cm?
Resolution 10-3 104
(AE/E)
Spec. ~ 100 msr ~ 10 msr
Acceptance
Background O X A

2017/3/13 SNP2017 p7




Hypernuclear lifetime measurement with photon beam

Meson beam | Electron beam Photon beam
Channel n—-A p—-A
[PH(1t* K*)3\H] [PHe(y,K*)*AH]
Cross section | ~10 ub / sr ~ 100 nb /sr
Beam Int. 107 1083~ e 107y
(/sec) — 10910 y*
Target Thick a few g/cm? 0.1 g/cm? > g/cm?
Resolution 10-3 104 10-3~-2
(AE/E)
Spec. ~ 100 msr ~ 10 msr 100 msr ~ 47
Acceptance
Background O X A

Study of hypernuclei with photon beam is unique.
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hypernuclear list w/ photon beam
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Photon beam facility
ELPH
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Lambda production at ELPH

Ee = 1.2 GeV 1.31 GeV,

Ey = ~1.08 GeV ~ 1.26 GeV

Differential Cross Section of p(y,K*)A
PRC 81(2010)025201

. 30 [ PRC 73 (2006) 035214
=1 PRC 73(2006)035202
= EPJ A19(2004)251
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Hypernuclear lifetime measurement
with photon beam
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A direct lifetime measurement of hypertriton

Lifetime measurement with decay pion in ;H - = + X

~4 MHz photon beam & T=50 cm Liqg. 3He target

NKS2 Spec. TOF det.

Lig. 3He target
K+

Photon Tagger

y beam
(~1.26 GeV)

41t detector
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A direct lifetime measurement of hypertriton

> 250 3 I i
Lifetin] 3° { 2H ID on Missing Mass ] q.f. " S
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A direct lifetime measurement of hypertriton

Lifetime measurement with decay pion in 3H » 7~ + X
~4 MHz photon I 41t detector for decay pion \

3H , He
H 3
A ” Lig. °’He target

Fast Timing
Detector
(TDL)

Tracking
L Chamber
(VDC)

y beam
(~1.26 GeV) -

lorimeter
4Tt detector \ Calorimete

- ID, Vertex /

Decay time measurement
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Expected yield

650 events
in 50 days

Beam intensity 4 MHz
Duty Factor 0.7
Cross section 20 nb
Target thickness 3.2 g/cm?
*H rate 0.034 Hz
*H - X + '~ ratio 60%
nm~ detector acceptance >90%
K™ detector acceptance 2.4%
K™ survival ratio 56%
Photon tagging efficiency 70%
Detector efficiency 99%
Tracking efficiency 95%
DAQ efficiency 60%
detected 3H rate 1.5x10% Hz
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Expected spectrum
Missing Mass spectrum (Simulation) |
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Expected spectrum
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Expected result

PR136(1964)B1803

PR180(1969)1307

@
PRD1(1970)66

NPB16(1970)46

NPB67(1973)269

direct lifetime measurement

of .
Yas proposed as LOI pertiiton
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3 \H lifetime would be measured much preciously.
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Strategy of hypertriton lifetime measurement

3He target is very expensive = Feasibility exp. is quite important.

4 )
. . ® Establish lifetime
N\ lifetime measurement method of
T ~ 200 ps
NV /
® Establish hypernuclear \
KH lifetime production with photon
beam
® Establish lifetime
measurement method
S with hypernuclear decay
\ pion /
{ *H lifetime ]
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Strategy of hypertriton lifetime measurement

3He target is very expensive = Feasibility exp. is quite important.

N lifetime April 2017

NS

{ +H lifetime }
NS

{ *H lifetime }
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N\ lifetime measurement

Checking feasibility as reasonable as possible.
Whether T = 200 ps can be deduced or not ?7?
T(A) =263.2 £ 2.0 ps
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A lifetime measurement

Checking feasibility as reasonable as possible.
Whether T = 200 ps can be deduced or not ?7?
T(A) =263.2 £ 2.0 ps

Lig. H, target  \kso spec. TOF det.
—trer—iHe-target—
p(y,K*)A reaction

Photon Tagger ﬂ
y beam |
(~1.26 GeV)

41t detector

K+

2017/3/13  SNP2017 p.25




Timing counter for Direct Lifetime measurement (TDL)

Requirement
® Good timing resolution (o < 100 ps)
® Operating in Mag. Field

= Plastic scintillator + SiPM

EJ-212(20Wx60-x5T mm?3)

C5
R3 VU1 UP
A EJE] .',I

u =
F‘]
::J .
c3

MPPC
$13360-3050PE
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Timing counter for Direct Lifetime measurement (TDL)

Timing & Charge : QTC — V1290 (CAEN)

e 16 scintllators :
| 3> mppcs & 0 ~ 80 ps was achieved.

AQ ~ Tt sr ! (o ~ 50 ps would be achieved in future)
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® Hypertriton puzzle
> Exciting results from heavy-ion collision
» Understanding small binding energy & short lifetime
IS very important.

® Lifetime measurement with photon beam at ELPH

» Neutron-rich hypernuclei can be produced.

» 3,H can be produced from 3He target

> Lifetime would be deduced by measuring decay timing

» 650 3,H events would be detected in 50 days
= 3,H lifetime with a precision of 10 ps

> N lifetime measurement, 4,H lifetime measurement will be
performed as a feasibility check.

» Detectors for A lifetime measurement is ready
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