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Outline of the talk

* Interaction with strangeness
— the hyperon-nucleon interaction

* hypernuclear formation in electroproduction
— the Kaos spectrometer at the accelerator MAMI-C

* hypernuclear spectroscopy with stable heavy ion

beams and rare isotope beams
— the HypHI experiment at GSI/FAIR

* hypernuclear physics with anti-protons
— the Panda experiment at FAIR

summary of present activities
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* Y-N and Y-Y scattering:
— no hyperon target available:
T (hyperon) ~ 1010 s

— very high energy hyperon beams:
CERN WAS89 and SELEX

— low energy hyperons on nuclei:
very poor hyperon beam profile

The hyperon-nucleon interaction

— Iimpossible to deduce precise Y-N data
— Impossible to deduce any Y-Y data

* hypernuclel: nuclei with strange quarks
— nuclear bound system with hyperon (Y)

— a “laboratory” to study baryon-baryon
Interactions with strange quarks

300
250
200
150
100 i.
50

0

-50 +

-100 : : :
0 05 1 15 2
r(fm)

[Fujiwara et al., nucl-th/0607013 ]
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The hypernuclear landscape

number of element =
baryons total charge
N+Z+Y (not number

of protons)

<m
>

number of
hyperons Y

Example:
7 Li (6Li + A)
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present limitations
— only single A-hypernuclei close to valley of stability
— only very few AA-hypernuclei events
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Spectroscopy of single A-hypernuclei
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Observed y-transitions in single A-hypernuclel

many excited, particle stable states in single hypernuclei observed
y-Spectroscopy of these states Is used to study effective AN potential
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Strangeness impurity effects

Predicted by Motoba et al., shrin kinq effect
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Hyperon-hyperon interaction
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Spectroscopy of AA-hypernuclei

[E. Hiyama, M. Kamimura,T.Motoba, T. Yamada and Y. Yamamoto, Phys. Rev. 66 (2002), 024007]

4-body cluster model for light nuclei:

A ( o AG) n’f\\'» \\,\) "/?I
W \” } "\ R, 7NN \/
| P )&/ 2 \ P p g
s | r 3 R\ \//
Pz 3\
~ B @ o b N\
AL M &) O— D
C=1 C=2 C=3
(3 S foa) al—N.Ga)
£ R T R
/:(,; \\\p( /y '.\Ré
/ \ \
NG @v ALY ?@1
C=5 C=6
o\ Rs /7
\l@l |\(E/> A\C/:ﬁ—,\;a/,l
g R Py
Ps
C=8 C=9

x -

7 71 i 8l i 8l i
N\He N\LI N\LI N\LI

9
AA Be

®0 @ @ -

MeV
L fc. 7 %is 8 & : 8 T
(e ] e U A A wBe [ \Be)
0F N/ N
00 “GIRTA GHeASA GapAsA  GHAA et ATA OFiHAeA  aeanAeA
20
ad input
R | .725/ e ‘3"‘9 ¢ , R ™ *rie 10
pape=) AT n__A_ ______ y :(!Md - st .:A A\
-T48 Bet A
S0 4 i
- I M
10,0+ 57 e 52
" Nagara event 3 g ST — o (4
-12.0¢ : ¢
e i 2 — 28
- F— 00
1 129 & "
140k Demachi-Yanagi
1T e 071 0" T 000
7 e 073 37 e 000 €
¥ 000 E,

many excited, particle stable states in double hypernuclei predicted
y-spectroscopy of these states is mandatory to study AA interaction
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AN-nuclel as gateway to H-particles
H-particle predicted as AA bound state

RL. Jaffe (1977)] M [GeV]
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Prog.Theor.Phys.Suppl. 137 (2000) 121-145]
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International hypernuclear network

PANDA

* anti-proton beam
 double A-hypernuclei
* y-ray spectroscopy

Dubna

* heavy ion beam
* single A-hypernuclei
» weak decays

4

KAOS

- -,

Jefferson Lab

* electro-production
* single A-hypernuclei
* A-wavefunction

» A-wavefunction

Physics of Hypernuclei as seen by an experimenter

* electro-production
* single A-hypernuclei

¥ HypHI @ GSI

* heavy ion beams
* single A-hypernuclei

at extreme isospins
* magnetic moments

.

v

Lol
:*\\

FINUDA -
» e*e collider

* stopped-K reaction
* single A-hypernuclei
* y-ray spectroscopy

* intense K- beam
* single and double A-hypernuclei
* y-ray spectroscopy for single A
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Strangeness reactions

exchange of strangeness
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Strangeness electroproduction

electroproduction of hype
— neutron-richer single A hype
— N\ wave-function inside hyp
— large momentum transfer cc




Kinematic differences to meson induced reactions

e typical momentum transfers: ~ 300 — 600 MeV/c
e minimum momentum transfer for 8 = 0°
e energy and momentum transfer independent:

2 —2
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[strangeness electroproduction (€, e"j{Jr)]

e momentum transfer — 0 for “magic momentum”

e minimum momentum transfer for 6, = 0°

e momentum distributions cannot be measured
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hypernuclei: spectrometry of mesons at forward angles
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Extracting hypernuclear structure information

e cross sections calculated with harmonic oscillator potential and DWIA

e typical KT angular distributions peaked at 0°, falling rapidly:

)
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[J. Reinhold (FIU), DNP Town Meeting, Dec. 2007]

[M. Sotona and S. Furullani, Prog. Theor. Phys. Suppl. 117, 151 (1994)]
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o

»machines machines
machines machines«
»machines machines
machines machines«

»|t's a machines world«

Queen, April 1984
L f \ :

X \J »
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= The »three« spectrometer facility at MAMI
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Transport of KAOS to Mainz in June 2003

e T

comact, open yoke and
extended pole face

= use as double spectrometer
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Two-arm spectrometer operation of KAOS

beam exit

e hadrons
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Kinematical optimisation of the formation rate
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A

The detector packages for KAOS

L

»

2 TOF walls

Z ’7/////,”

Physics of Hypernuclei as seen by an experimenter

W\ electron | 2 planes of fibres with
\\ MaPMT read-out
\ AR
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Timeline

| 2008-9: data taking for kaon
production

2010: completion of Kaos as
double spectrometer at 0°

. -y B 2010/11: data taking for

"y ——

E A“ - : ]
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Challenges and prospects

special features of electro-production at MAMI-C (and JeffersonLab)
* better resolution compared to (1r*,K*) or (K-, 1)
* access to new isotopes of hypernuclei (converting p into A)
* measurements at different kaon angles map out
different parts of the A momentum distribution
 unigue with KAoS: double spectroscopy in a single spectrometer
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Networking Activity SPHERE (EU FP7 HadronPhysics2)

Univ. GSl INFN INFN
Catania Darmstadt Frascati Torino

FINUDA.
@DAONE

Stra nge

Particles in

Hadronic KAOS
Environmeift @MAMI

Research in

EUI‘ODE

HypHI
@GSI/FAIR

Univ. Univ. Univ. Univ. NPI Univ. Univ. CAC
Barcelona Giessen Granada Jerusalem Rez Torino Valencia Warszawa
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HypHI @ GSI/FAIR

Production of hypernuclel in heavy ion
— production of many hyperons

— multiple coalescence of hyperons wit
— (11,K), (K, n) and (K-,K*) reactions on




HypHI @ GSI/FAIR

START‘I:!)\IFG POINT STARTI%(I':; POINT
DYNAMICAL MODELS STATISTICAL MODELS
: :
1 1
; Y
\
v AN Qo f Of
O [ el
_ - o
0O
0. @O
v AL P LI - © Oo @ > OO .
O i RPN
ORPN O
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j liquid drops \
At freeze—out : thermal and chemical equilibrium
F F Production of hypernuclei in relativistic heavy ion
A collisions
| =~ . —prod_uctlon of many hyperons |
Y% —multiple coalescence of hyperons with fragments
Rapidity —(m,K), (K, n) and (K-,K*) reactions on fragments

Sept 2008
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Concept of the HypHI experiment

Produced hypernucleus at similar velocity as projectiles
large Lorentz factor: y > 3: life-time 200 ps - ~600 ps
hypernuclear decay in flight

Example : 12C + 12C > A\Z + K+0 + X

Scintillators : K- magnet

Trackers non-mesonic weak-decay

Z-measurement Ap 9 np

target n
2 NA-hypernucleus | | |

scintillators K residues
trackers P
n-detector
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Monte Carlo simulations

Expected cross section [ub] | Reconstructed events /week
sH 0.1 2.8 x 10°
AH 0.1 2.6 x 10°
2He 0.5 6.5 x 103

P

Cile

Yield

-|IIIIIIII|IIII|IIII|IIII|IIII|II

.8 385 39 395 4 405 41 415 4.2

£ Ar 0 L1 Rapidity
Physics of Hypernuclei as seen by an experimenter Sept 2008

P Achenbach, U Mainz



Scintillating fibre detectors

fibre diameter: 0.83 mm
- HAMAMATSU H7260KS

— X and Y tracking with resolution of ~ 0.5 mm
— discriminator cards (1400 ch) from Kaos

— energy readout by CAEN QDC for TRO

time readout by VUPROM 2

’-’\ ﬂ“\)b.

'f:: e
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HypHI phases

Phase 0

Design study, preparation for
the phase 0 experiment

2008 T

Phase 0: experiment with 3,H,
4\H and >,He

2009 T

Phase 1: Experiments with
proton rich hypernuclei 2010 T

Phase 2: Experiment with
neutron rich hypernuclei at

NUSTAR/FAIR 2011 T
Phase 3: Hypernuclear 20121
separator
» hypernuclear magnetic
moments 20137

» hypernuclear driplines

\4

Physics of Hypernuclei as seen by an experimenter Sept 2008
P Achenbach, U Mainz



PANDA @ FAIR

anti-proton beam induced hypernuclei product

— high resolution y-spectroscopy of doubl
— weak decays




General Idea

the anti-hyperon or its decay products

Use pp Interaction to produce a hyperons which are tagged by

[ O (uh)

- guark-gluon string model

—
Pe (Kaidalov & Volkovitsky)

4 5 6 7 8 9 {0 1 12 13
:‘1 1 ~— g T Ly T — — T—— pemrk I‘

P p ( GEWC.)

Sppl6e¥)
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Double hypernuclel with kaons

1000
Indirect reaction

GeV/c (forward)

(quasi-free in nucleus): E 800
K+ p>Kt +& 2 oo
=
p(K) = 1.8 (1.66) GeV/c > € 400
p(K+, =) = 1.3, 0.5 (1.15, 0.5) 5

200
Kn— At
0 ‘ ‘ { ‘

Direct reactions: 0 1000 2000 3000 4000
PROJECTILE MOMENTUM (MeV/c)

K-+ AZ = p(K,K*)E" = rescattering in nucleus > Kt+ A_(Z-1)

c(0=0) = 3.5 ub/sr (Dover & Gal)
p(K) = 1.8 (1.66) GeV/c » p(K*) = 1.39 (1.24) GeV/c (forward)

K-+ AZ - through % + A,(Z-1) > K*+A,,(Z-2)

c(0) = 10 nb/sr (May)
p(K) = 1.8(1.66) GeV/c 2 p(K*) = 1.42 (1.28) GeV/c (forward)
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Double hypernuclel with antiprotons

Indirect reaction:
p(3GeV/ic)+ N>=+ &
(PANDA)
Two-step process in one nucleus:
p(lowp) + N > K* + K *
K* + N > K+ E (= at rest)
(FLAIR)

Recoilless production:

p(>15GeV/c) + N> =+ =
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Formation of double hypernuclei from Xi hyperons

4 A

1. dE(Z)/dx = stop + capture
2. hyperatom + atomic decay
3. capture in nucleus (A- Z")
4

. conversion: Z + p 2> AA + 28MeV

\5. double hypernucleus (A, ,Z") /
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Production mechanism at FLAIR

[original idea K. Kilian 1987]

= R - =- KO
step 1:| p/p|> K* K** sLe%Ké—K S= -2 state

: — low relative energy
very low recoil on =

large p stopping rate
g€ p Stopping (recoil free kinematics)

on 3He target -
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GSI and FAIR facilities
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Primary Beams

e 238U28+* : 1012/s @ 1.5-2 AGeV;

e 238U92+; 1019/s @ up to 35 AGeV

e Protons : 2 x1013/s @ 30 GeV;
up to 90 GeV

e 100-1000 times present intensity

N\ \';‘-

UNILAC

Secondary Beams

e broad range of radioactive beams
up to 1.5 - 2 AGeV

e intensity up to 10 000x over present

e antiprotons 0 - 15 GeV

Storage and Cooler Rings

¢ radioactive beams

e e— A (or Antiproton-A) collider

e 1011 stored and cooled antiprotons
0.8 - 14.5 GeV/c

e In future: polarized antiprotons (?)

Key Technical Features
e cooled beams

e rapidly cycling superconducting magnets
e parallel operation
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High Energy Storage Ring

HES R Performance
Racetrack shaped ring: 574 m length
Luminosity/Intensity:

e Pbar production rate: 2x107 /s

e High luminosity mode: L = 2x1032cm—s!

e High resolution mode: L = 2x1031 cm-2s1
(for target thickness 4x101> atoms/cm?)

Momentum range:

e 1.5-15GeV/c (0.831- 14.1 GeV)

e Revolution frequency: 5x10° Hz

Momentum resolution:

e High luminosity mode: Ap/p=10+4
(stochastic cooling above 3.8 GeV/c)

e High resolution mode: Ap/p=10-
(electron cooling)
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‘3

= B Dipole magnet =
g ® Quadrupole magnet 'ﬁ (from SIS18)
& # Sextupole magnet

= I Solenoid

= = spacer for skew quad

2= o spacer for snake solenoid

m injection equipment

MERCE

PANDA

2
GTS1 B | [y mere—————— 1 U

|| ecool

RF1
RF2

direction of
antiprotons

from RESR

9, P
A
'I'ﬂgq”

| [ e L ==l

HESR

50m

Beam cooling in HESR Cpanda

e

Resonance Cross
section

Measured rate

Beam profiles
during scanning

Resonance scan:

—
e Energy resolution down to ~50 keV Eew
e Tune E-y to probe resonance
e Get precise mass and width
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Production mechanism at PANDA

7 4 y®kaons 0
Vi "y .
/ ;’v[ \ : = :I‘ trigger | hyperon-
_ At = i antihyperon
o k"
P O—’f,\.o\ production
3GeVic ’\b — at threshold
RN
@ N
slowing down u
and capture of P
Ein Y
secondary -
target nucleus
= . OOA
« & atoms: x-rays - A VY
e conversion: 5
= (dss) p(uud) - A(uds) A(uds) y-spectroscopy
AQ = 28 MeV with HPGe
conversion probability ~5-10% dgtectors

[Y. Hirate et al., Nucl. Phys. A639, 389c (1998),
Y. Hirate et al., Prog. Theor. Phys. 102, 89 (1999)]
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Detection and triggering

2.5
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Active secondary target =»
radiation hard material EU FP6 HadronPhysics project
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Recoll momentum in hyperon production

1200 | |
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g .
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First step:

stop = particles in
nuclear targets

~

Application to target design
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Preparatory experiment in 2004-5

experimental set-up: 1.4
1.2
— ALADIN dipole magnet mﬁ

— Cosource of 370 kBq ' { {
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— Euroball cluster o H

(L]

Fmﬁms

0.2 - |
7005 VEGA channel B R
s0F [—B=0T Z (em)

s00f [~ B=16T

400

Counts

300F
200F

100 et

G - l. ;-'-:- A l L L L L l L L L L ;.. L L A L L L L L
2050 2060 2070 2080 2090 2100
ADC energy spectra (ch.)

T3 100
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Hypernuclear set-up at PANDA

* 0,,<45° E-bar, K trigger and PID in PANDA spectrometer
* 0= 45°-90°  E-capture and hypernuclei formation
* 0,,,>90° y-detection with HPGe at backward angles
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The PANDA PID detectors
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TOF for low momentum kaons

SciF(450 ps)+TOF( 80 ps) mass reconstruction

20(-

18:: h K

™ ~ plon mass
16

= kaon mass
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mass(GeV)

» Scintillating fibers (START)
~2000 fibers placed in two rings @ readout with SiPM

» TOF barrel (STOP)

time resolution ~ 80 ps with 16 slabs _ _ _
[simulations by A. Sanchez, U Mainz]
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Comparison of experiments

experiment reaction device beam/ target status

BNL-AGS (2,12C) - 12B + n | neutron detector K- beam, 20,000 stopped -

E885 AA arrays diamond target

BNL-AGS 2n decays cylindrical detector K- beam few tens 2n decays

E9S06 system of 4,,H

KEK-PS E373 | (K ,KH)ZE emulsion (K-,K*) several hundred
stopped =-

facility reaction device beam/ target captured = per
day

JHF (K-, K+)= spectrometer, 8:10%/sec < 7,000 expected

cold anti- pp— KK vertex detector 106 stopped p 2,000 expected

protons K*N = = K per sec

PANDA Pp—o>EE vertex detector + L=2-1032, thin 3,000 ,golden

y-array

target,

production &
decay target

events" expected

~ 300,000 KK
trigger expected
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Estimated count rates

“Golden events™:
luminosity 2-103? cm?s?

Z*E" cross section 2mb for pp = 700 Hz
p(100-500 MeV/c) Psoo~ 0.0005
=Z* reconstruction probability 0.5

stopping and capture probability Pcap~ 0.20
total captured =" = 3000 / day
= to AA—nucleus conversion probability Pss = 0.05
total AA hypernucleus production = 4500 / month
gamma emission/event, p,~ 0.5

v-ray peak efficiency Peer 0.1

~ 7/day ,golden” y-ray events with =* trigger
~ 700/day with KK trigger
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Hypernuclel offer a bridge between traditional nuclear and hadron physics
to explore fundamental questions:

— how do nucleons and nuclei form out of quarks?

— can nuclear structure be derived quantitatively from QCD?

— what are the properties of strange baryons in nuclei?

nuclear
reaction

hot
nuclear
medium

nuclear 1

structure

nucjear
phypics

QCD and
chiral
symmetr

many-bedy
systems

astroph
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