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Advantage
- Precise spectroscopy

» Structure in detail
* Clean experiment

Disadvantage

- Limited isospin

- Small momentum transfer to
separate hypernuclei

» Difficulties on decay studies

* Only up to double-strangeness

!

Hypernuclear spectroscopy
with heavy ion beams

HypHI project




The HypHI project

Precise hypernuclear spectroscopy

with heavy ion induced reactions
at GSI and towards FAIR

Only the way to access

Extreme neutron/proton rich
hypernuclei

Hypernuclear magnetic moments

Hypernuclei with extremely
multiple strangeness

Hypernuclear decay in deftail

Difficulties:
Small hypernuclear cross section
Huge background

2005:

Feb. : HypHI collaboration
started

March: LOT
2006
April: HypHI group at GSI
September: Proposal for Phase O
2009

August/October: Phase O
experiment

2010

March: Phase 0.5 experiment




Production of Hypernuclei with HypHI
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Production of Hypernuclei with HypHI

Projectile frag

target

1 Coalescence of A in projectile fragments
2 (n*,K*) reactions in projectile fragments

2 NN -> AKN : Energy threshold ~ 1.6 GeV
« Heavy ion beams with E > 1.6 A GeV needed
- Stable heavy ion beam at 6SI Accessible to neutron- and

- Stable heavy ion beam at FAIR proton rich hypernuclei
- RI-beam from FRS and super-FRS




Heavy-ion induced hypernuclear production

1 Stable heavy-ion induced hypernuclear production at Dubna
in 1989.
* “He beam at 3.7 6eV/u on a polyethylene target
* 7Li beam at 3.0 GeV/u on a polyethylene target

Streamer chamber
« Cross section: an order of 107 barn

MASS NUMBER A

H. Bando et al., NPA 501 (1989) 900




Relativistic hypernuclei

Projectile fragment
} 25505
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1 Large Lorentz factor y (>3)
« Effective lifetime : Longer by the Lorentz factor
200 ps -> 600 ps at 6ST (ct ~ 20 cm)
200 ps ->4 ns at FAIR (ct ~ 120 cm)

1 Hypernuclear separation and spin precession
« Can be feasible with 20 Tm at 20 A GeV
« Large spin precession in magnetic fields

- 225 degrees with free-A magnetic moment







HypHI concept and requirement

1 Invariant mass spectroscopy
« A mass peak must be observed clearly on the background
« A peak is not sufficient proof
« Lifetime must be measured to confirm the identification

1 Hypernuclei must be measured at the projectile rapidity




GI Relativistic Boltzmann-Uehling-Uhlenbeck
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Normalized rapidity in CM (projectile y=1)

T. Gaitanos et al., Physics Letters B 675 (2009) 297




HypHI at 6SI/FAIR: Concept of Experiments

Produced hypernucleus close to projectile velocity

« Large Lorents factor y > 3
« ct~20cmat 2 A GeV

Example : 12C +12C -> A, Z + K*0 + X
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« Large Lorentz factor y > 3
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HypHI at 6SI/FAIR: Concept of Experiments

Produced hypernucleus close to projectile velocity

« Large Lorentz factor y > 3
« ct~20cmat 2 A GeV

Example : 12C +12C -> A, Z + K*0 + X

Mesonic weak decay
*A->m +p
Non-mesonic weak-decay

* Ap -> np

target :

[| A-Hypernucleus

—
l| Residues

p,

K* counter




Present hypernuclear landscape
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pernuclear Iandscape with HypHI

Phase 1 (2010-2016) at 6ST
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pernuclear landscape with HypHI
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pernuclear landscape with HypHI

Phase 1 (2010-2016) at 6ST
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HypHI Phase O in October 2009

1 The goal of the Phase O experiments

To demonstrate the feasibility of precise hypernuclear
spectroscopy with ¢Li primary beams at 2 A GeV : Mesonic

decay A -> = + p

3AH -> ﬂ?' + 3H€
4AH -> I + 4He

5 4+ 4
He->m +%He +p

Funding

* Helmholtz-University Young

Investigators Group VH-

NG-239, 2006-2012

* DFG grant SA1696/1-1
2007-2009, TOF detectors
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Phase O setup

Beam: ¢Li at 2 A GeV, 7X106 /s ,
Active Target: 12C, 8 g/cm? "«..\ALAD'N TOF wal

ALADIN
Z ,

| dipole magnet

TR1 ||
TRO | TR2

Li Beam/-}- i / A /

TOF-start | e ||

12C Target

TOF+ wall

Talk by D. Nakajima

Om 1m 2m 3m 4 m 5m 6m




Phase O setup

Beam: ¢Li at 2 A GeV, 7X106 /s _
Active Target: 12C, 8 g/cm? ‘gALAD'N TOF wal

\
!

ALADIN
dipole magnet

TOF-start
12C Target

TOF+ wall

Talk by D. Nakajima

Om 5lm 61m




Phase O setup

Beam: ¢Li at 2 A GeV, 7X106 /s _
Active Target: 12C, 8 g/cm? "xxALAD'N TOF wall

\
\

ALADIN
- dipole magnet

TOF-start
12C Target

TOF+ wall

Talk by D. Nakajima

Om 5m 6Im




Phase O setup

Beam: ¢Li at 2 A GeV, 7X106 /s _
Active Target: 12C, 8 g/cm? "x.\ALAD'N TOF wall

Y

TOF-start
12C Target

TOF+ wall

Talk by D. Nakajima

Om 5m 6Im




Phase O setup
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Phase O setup

Beam: ¢Li at 2 A GeV, 7X106 /s
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Trigger

1: Secondar'y vertex with fiber . ALADIN TOF wall
Vertex out of the target
- Hypernuclear decay
- Free-A decay L ALADIN
« FPGA/DSP based trigger module ‘ dipole magnet
« Efficiency to 4\H ma decay channel : ~ 14 % o Tre
2: - with ALADIN TOF wiseam .t 1ol
n- from hypernuclear decay
28 % for 4,H 7o decay channel TOF-start | gpe

3: Fragments with TOF+ et
* S, H->3He+x, 4 H->*He +, |
>\He >%He +p+xn, 4 He->d+d

Efficiency to 4,H ma decay channel : ~ 94 g T‘h‘.
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1 &2 & 3: Efficiency 7%
Background reduction down to 0.017 %

C. Rappold, PhD thesis

Talk by C. Rappold




Phase 0.5 experiment in March 2010

1 Hypernuclear spectroscopy with heavier projectiles: 2°Ne
1 H and He hypernuclei
s Li, Be, B and C hypernuclei

Drift Chamber
(DC1, DC2)

ALADIN
TOF wall

Dipole magnet

Scintillating fiber
Detectors (TR0/1/2)
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Particle identification

1 -1I0- L [ S Lo s & 8 10
P/Z ( GeV/c) P/Z (GeV/c)

D. Nakajima, PhD thesis
C. Rappold, PhD thesis Talk by D. Nakajima




Lambda hyperon trial

[Entries 192 ]
¥*/ ndf 1.975/2
Prob 0.3725
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Known mass: 1.115 GeV Known lifetime: 263 (20) ps

Less than 5 % of full statistics, with low efficiency analyses

D. Nakajima, PhD thesis 5
C. Rappold, PhD thesis  Talk by D. Nakajima




° He trial
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Known mass: 4.840 GeV Known lifetime: 256 (20) ps

Less than 1 % of full statistics, with full reconstruction method

D. Nakajima, PhD thesis
C. Rappold, PhD thesis  Talk by C. Rappold




Summary and Outlook

Hypernuclear spectroscopy with heavy ion beams
Hypernuclei at extreme isospin
Hypernuclei with multiple strangeness
Hypernuclear magnetic moments

Invariant mass hypernuclear spectroscopy
At projectile rapidity region
Clear mass peak on the background
Lifetime measurements

Phase O and Phase 0.5 experiments
SLi and 2°Ne beams at 2 A GeV on 2C
Successfully performed
Full data analysis in progress

Perspective
2011: New development for the tracking detector and trigger system
2012: Phase 1 experiment at GSI
Experiments at JINR and Lanzhou
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