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Stars Hyperon Puzzle Z:m..
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The Hyperon Puzzle... Erm

Y. Yamamoto, T. Furumoto, N. Yasutake, Th. A Rijken,

Phys. Rev. C 90, 045805 (2014) M(PSR J1614-2230) =1.97 Mg
* no hyperon mixing - .
- 3 Baryon repulsion M(PSR J9348+0432)—2.01 - » Mo
* hyperon mixing
30- 3 Baryon repulsion in NNN and NNY
25- * hyperon mixing
— « 3 baryon repulsion in NNN

20, LN

E@ I-..
3 154 " §
10_- « model constrained by
- terrestrial experiments
05 . univer;al many-body
iy et e repulsion
* no hyperon mixing . -
+ no3baryonrepulsion |k <+ noad hoc parameter to
11 12 13 14 15 1&| stiffen EOS

R [km]

Yamamota (HYP2015):

“Including 3- and 4-body repulsions leads to massive neutron stars with 2M , in spite
of significant softening of EOS by hyperon mixing”....

“"Hyperon puzzle is a quantitative problem”

Once solved, we may look at the interaction between baryonic matter and dark matter in
compact stars






y Decay-pion spectroscopy in emulsm

Example for ,\4H (2 d|men5|onal prOJectlon)

energy and momentufﬁ?
e transfer to target nucleu?%?:’;

Fragmentation‘

The result is that the event is consistent o ly
with a ﬁH‘ fragment undergoing mesonic two- I_AH'-"HE‘+ T + Q:l

body decay. The binding energy of the A in 5 H*
is then|B, =2.6+1.0 Mev,| which is consistent wherEIQ =54.6+1.0 Mev. I
also with other measurements of this quantitjr.'

[A.G. Ekspong et al., Phys. Rev. Lett. 3 (1959) 103]




Emulsion results on ,*H and ,*He — Z:.

wH [
T 100 = XY M. Juri¢ et al. NP B52 (1973) 3 .
E 50 ; 7777 G. Bohm et al. NP B4 (1968) from nuclear emulsion
— — BEE \W. Gajewski et al. NP B1 (1967)
o 60 —
E 40 ;_ EWHM = ~ AB, =0.35+0.06
20 — 1.4 MeV N 58
— LK \\\
N = i :.:.':v‘ g G100 N e I R
cn — :
= 100 = f 4 -
E 50 £ from nuclear emulsion
W g0 = FWHM
"5'. 40 £ 1.2 MeV
=) —
Z 23 E ] " DRI LILIL T e aa ] | . -
-5 -4 -3 -2 -1 0 1
-B, (MeV)

donly three-body decay modes used for hyperhydrogen
155 events for hyperhydrogen, 279 events for hyperhelium



A close look at ,*H Brm

‘H decay mode “H

n +*He i O i H. Tamura et al. PR C40 (1989)

T +2H+:H —e j M. Juri€ et al. NP B52 (1973)

T +'H+"H 9

T +2H+’H /

T +H+H 2 G. Bohm et al. NP B4 (1968)

T +*He / ko4

m +2H+2H} / o

T+ H+H I—.—I; W. Gajewski et al. NP B1 (1967)

T +*He g o

| | | 1 ] | | | | | | 1 1 | |
1.8 2 22 24 26
B, (MeV)

‘Ho 7 +H+H: B, =2.14+0.07MeV |
. S 0.22MeV difference
H-o>7z +“H+ H: B, =1.92+0.07MeV



Charge Symmetry Breaking

ﬁ HIM

Helmholtz-Institut Mainz

» CSB for NN interactions is 70 keV in the mirror nuclei 3H and 3He

» Coulomb corrections are < 50 keV for the 4,H - 4,He pair

... PO On P@ O ,
H He
Al 1@ OA n® Op A
3 3
H+ A 0 He + A
*He(K )
(p,=1.5 GeV/c)
1T 0.95%+0.04 | 0.98+0.03 1"*/
i E,=1.406
- V. +0.002
e H. Tamura
O+ ¥ [present]
==
2.04%0.04 ) ot
4
AH 2.39%0.03
4
4 He
A
B, [MeV]

» strong, spin-dependent charge symmetry breaking (CSB)

in A = 4 mirror hypernuclei !



Success of novel Techniques Grm

& Bedjidian et al. PLB 83 (1979) Phys. Rev. Lett. 114,
1 J-PARC E13 (2015) 232501 (2015)]
- 5° } AHe (1"—=0%)
3o I
i bid ot H
£ R P “ﬁ%%ﬁ*#ﬁﬁﬁfﬁ 222501 (2015)]
= 1.406+0.002
'E %0 =002 ey 39 WO Gata 00 *H HOM PUCioRr SmAson
3 2 w0 r"'}uuc«\.- WP BS2 (1673) | l‘
8 o 05 1.0 1.5 2.0 25 E 20 (-‘gsczm..fm:,ﬁ% i
ET {ME‘U":I f Ded A Wik gt a LR | E .
4 20 ax‘\m(wv;
351 poak maxmum = 37 events
- background ot poak « 7.3 events
» Demonstrate the need for soF. - l l
complementary o
experiments 20 -

Evemts / (250 keVic)

105 110 115 120 125 130 135 140
Pion momentum in C (MeV/c)




Decay pion spectroscopy £ nm

Helmholtz-Institut Mainz

» Two-body decay = mono-energetic pions

» high resolution: A binding energy

resolution limited by =~ momentum
resolution

Examplee:, » Like in emulsion access to variety of light
@ and exotic hypernuclei, but
9 » electronic experiment
Be » well defined initial target nucleus
e
9 *
\p’u. ALi
.’A
FragmentatiorS\@/‘ 4 4 |
(<1071%s) ".,4 A Weak mesonic
v w two-body decay (~1019)
n at rest
N-4He'

Miuyp = \/f't/ncl—l—pi_ —I—\/M_ﬁ_ +p?r_|




The prospects Frm

12 “c » Mg| Mg |’ Mg|"Mg|"Mg| Mg [’ Mg| ' Mg| " Mg’ Mg |’ Mg|'Mg| Mg |’ Mg
©
11 °Be| 2 Na|2'Na|2’Na|#Na|;'Na|;’Na|:°Na |7 Na|2’Na|’Na [ ’Na|2'Na|?Na
=
10 TLi VNe[’Ne | ’Ne|?Ne |2 Ne|?Ne |’ Ne |2 Ne|’Ne|:’Ne |2 Ne|’Ne [2’Ne|>’Ne | 3'Ne
% 9 WELIVE I NF | R | XF | F | ZF | SF [ 2F | 2F | °F | JF | XF | F | XF
m 8 130 140 150 160 170 180 190 200 210 220 230 240 250 260 2?0
2 A A A A AN A A A A A A A A A A
% 7 N RN ENf NN UN | PN PN 2PN 2N | 2N [ 2N | N
— |6 vc|ic|re|ve|ic|selec|ic|c|tc|2c|c|, A (Kr)
O |5 81| e| 8| e8| 8| 8| B (Ko )
g:) 4 1BeliBe| Be|,'Be|,Be| /Be | ’Be|\'Be|\ Be (7",K")
O |3 SLi | AL [ SLi| AL | 0L AL | L p—A (e,e'K")
0
2 |iHe| He| He|/He [ He | He (Ksmp,ff )
1 [ H[AHLISH[GH]| (H | 3H pp—>nA: (7 ,K")
0 | AN
1 213|145 6 7 8 = 10 |11 |12 |13 |14 | 15| 16 | 17 | 18 | 19 | 20

NEUTRON NUMBER



Accessible hyperisotopes with °Be ~ Z:m...

Xno 2-body decay

P 3

R

O

g 5 inaccessible by

N missing mass

v spectroscopy

U

M

: 1 2 3 4 5

R NEUTRON NUMBER 12 . . . . . =

| axp

1L 4 H estimate ¥
Ly A\

highest pionic decaM—
width

0.6 -

T

0.4 - % ’ L +

0.2
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s
+
e

0

mass number




The experiment in a nutshell %2 M

» Electroproduction of excited hypernuclei on °Be

E ¥ Target
K
et o
og
» Event tagging by kaon detection
B,
= » Fragmentation produces several light
O 0 hypernuclei
» Mesonic weak decay and groundstate mass
reconstruction by spectroscopy of pions from
o two-body decay
-



Experimental realization at MAMI

Primary Beam
Energy 1.5 GeV
Target
Material 9Be
Thickness 125 pm
Tilt angle 54 deg
Kaos
Cent. Mom +900 MeV/c
Detector MWPC, TOF, AC

Spek-A, C
Cent. Mom | -115/-125 MeV/c
Detector DC, TOF, GC

photon dump



& ...in Reality ..

to beam dump

electron beam




Decay pion spectrum B

—  World data on :H from nuclear emulsion EI’T?U'SllOn data on
£ 40 [ [0 M. Juri€ et al. NP B52 (1973) binding energy
o 20 - [227] G. Bohm et al. NP B4 (1968) scale
L — I V. Gajewski et al. NP B1 (1967) N

0L
0 B,({H) (MeV)
—  peak maximum = 37 events
35 E_ background at peak = 7.3 events
o 30
= =
— 25 — _ :
= = m_ono energetic
N 20 pions
8 15
E —
o 10 F | N
5 E H" allLf I1' 'rr rq]'*'
o EL )
105 115 125 130 135 “R 145 150
Pion momentum in SpekC (MeV/c)
decays of quasi-free accidental background

produced hyperons reactions




Result

ﬁ HIM

Helmholtz-Institut Mainz

12

—
=)
I|III|III|III

o

Events / (40 keV/c)
£ (o))

o

0
131 131.5 132 132.5 133 133.5 134 134.5 13

p_=132.92 + 0.02 (stat.) + 0.04 (stabil.) + 0.14 (syst.) MeV/c

147 keV/c

—_— B -

Pion momentum in SpekC (MeV/c)

» Extensive calibrations
» Main systematic error due to uncertainty of the absolute MAMI beam

energy



Continuation of Experiment in 2014 Grm

» Many inmprovements

» better pion rejection by improved aerogel
» suppression of background by improved shielding
» suppression of background by trigger upgrade in SpekA & C
» Suppression of
background by decay mode
-|i —k— MAMI 2014 (SpekA, 250 um Be)
beam line ngrade n+'He { —H—| MAMI 2014 (SpekA, 125 um Be)
» dedicated collimator | —H— MAMI 2014 (SpekC, 125 um Be)
. +'He
for decay region i ] (SpekC, 125um Be)
» better control of rc'+:He2 ?A : o | H. Tamura et al. PR C40 (1969)
magnet field g:,mf,ll:'l —e ey ?bnid‘.luncetal' NP B52 (1973)
. . -12 2
variations ATHOHENS e G. Bohm et al. NP B4 (1968)
n+iHe 1 A ibid.
> full Overlap of ﬁﬁnﬁn } —eo—i| [ W. Gajewski et al. NP B1 (1967)
SpekA and SpekC m+ He, | o ibid.
momentum THHEH }|—o|—; g | | M- Raymund et al. NC 32 (1964)
acceptance 18 2 22 24 286
B, (MeV)

» independent measurement in two spectr., two targets, two beam-
times

» consistent result for B,(*,\H) from MAMI 2012 and MAMI 2014



Reducing the systematic error Grm

» two options to measure MAMI energy O(104)
» measuring the absolute MAMI enery in a precisely calibrated magnet

Philipp Herrmann

» Interference of undulator radiation

Mono- Detector
chromator
heo AL A2
T2 T |
,. ajw - £
— A

variabler Abstand }\d
Osz

Pascal Klag A= 5 y;




Why no other Hypernuclei? (1) Grm

» Statistical decay calculations were performed

» Scenario 1: direct production of ?,Li*
§i*

107

Yield

o
i T IIIII|T| T IIIIIIII T IIIII|T| T IIIIIII| T IIIII|'|I

10-7 1 L
60 80 1 00 1 20 140 160

Excitation energy (MeV)

o
N
o
NN
o

» Expected excitation energy

» convert proton into A = proton hole state ~ 20 MeV
» kinetic energy of captured A pgermi?/2M, ~ 20 MeV
» Binding energy of A ~ 10 MeV

» at E,~50 MeV 4,H most probable and other nuclei more than factor
3 less likely produced



Why no other Hypernuclei? (2) Grm

» Scenario 2:A is slowed down by kicking out a neutron or proton
— formation of 8,Li* 8, He*

- = 8H * 2
r C e *H
10° & 10° & A
- - —— 4H
5 10% & - 10° &
9 E 9 = S H
>- 5 i >- -5 L J
107 = 10° E
= = ® He
10° £ 10° & i
- - A fe
10-7 L I L | 10-7 L1 W by b by
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Excitation energy (MeV) Excitation energy (MeV)
» Expected excitation energy
» convert proton into A = proton hole state ~ 20 MeV
» addition hole state ~ 20 MeV
» kinetic energy of captured A pgermi?/2M, ~ 20 MeV
» Binding energy of A ~ 10 MeV

» at 70 MeV 4,H most probably produced and other nuclei more than
factor 6 less likely



Why no other Hy

ﬁ HIM

» Taking into account

» stopping probability S of
secondary
hyperfragments
in target

» pionic two-body decay
probability BR

» 4.H most likely

» All other nuclei are
typically an order of
magnitude less likely to
be observed

pernuclei? (3)
E. =20MeV E. =40MeV EJ= 60Me
?\Li* D¢ Dex 8§ x BR D¢ Dcx 8§ X BR D¢ Dcx 8§ x BR
f’\H 1.5e-4 1.1e-5 3.1e-4 2.1e-5 S5.4e-4 4.1e-5
j\H 4.7e-4 1.4e-4 2.1e-3 5.3¢-4 1.6e-3
f)\H — — 4.8e-5 5.7e-6 3.7e-5 2.7e-6
fi_He 1.3e-3 1.8e-4 1.3e-3 1.8e-4 5.3e-4 7.0e-5
f\He 3.9e-3 5.6e-4 2.2e-3 3.3e-4 6.0e-4 8.0e-5
f\He 8.8e-5 1.1e-5 3.0e-5 3.6e-6 4.2e-6 3.6e-7
qLi 0 0 3.6e-5 .1e-6 3.8e-5 7.3e-7
f\Li 4.5e-4 8.4e-5 1.2e-3 2.1e-4 4.3e-4 7.0e-5
ﬁ_Li 4.5e-4 8.1e-5 9.9¢-5 1.9¢-5 1.6e-5 2.6e-6
f\Li* D¢ De xS X BR D¢ Dc xS X BR D¢ Dec xS x BR
f’\H 6.1e-5 4.8e-6 1.1e-3 8.1e-5 9.9e-4 7.4e-5
j\H l.1e-3 2.8¢-4 1.8¢-3 4.8e-4 1.8e-3
f’\H — — — — 8.6e-6 1.9e-6
?\He 1.5e-3 2.1e-4 1.3e-3 1.9e-4 3.5e-4 5.6e-5
f\He 1.7e-3 2.4e-4 8.2e-4 1.3e-4 1.3e-4 1.9e-5
f)\Li 4.3e-5 1.5e-6 3.0e-4 I.1e-5 l.1e-4 3.6e-6
f\Li 3.4e-3 6.4c-4 1.6e-3 2.8¢-4 2.4¢-4 3.7e-5
f?\He" D¢ Dex 8§ X BR D¢ Dec xS X BR D¢ De xS x BR
f\H — — 1.6e-4 1.3e-5 3.9e-4 3.1e-5
1H 1.9e-4 5.7e-5 3.8e-3 9.9e-4 2.3e-3
f’\H — — 3.8e-4 4.8e-5 1.2e-4 1.3e-5
f)\He 1.2e-3 1.6e-4 1.1e-3 1.6e-4 2.8e-4 4.4e-5
f\He 6.6¢-3 0.4c-4 1.8¢-3 2.5¢-4 2.2¢-4 3.0e-5







PANDA: a personal view

ﬁ HIM

Helmholtz-Institut Mainz

» Boris Sharkov, PANDA Meeting September 2015

CBM APPA

nuclear matter at high densities .
magnetic fields

lons in extreme electro-

PANDA
hyperon-hyperon interaction

NUSTAR
neutron-rich nuclei
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Perspectives of Hadron Physics at GSI
meeting on 20.1.1998
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& PANDA in 2020...

! . Luminosity below design luminosity
| * Not all components of the PANDA detector might be completed
3 # « No long running periods of HESR

4 — evaluate physics program for commissioning phase of PANDA

Process with large cross section

Only charged particles (calorimeter ?!)

Unique = experiment only possible with antiproton beam

Interesting and timely physics

Antiproton energies below 15 GeV would be sufficient for the investigation of strangeness
and charm in nuclei. Here, the associated production of hadron - antihadron pairs in (p, p)
annihilation would be a promising tool for populating bound states of heavy mesons and
hyperons in nuclei, making use of small momentum transfer kinematics.

; . e o PN RO R




Strangeness in Nuclei at PANDA Grm

...a unique laboratory for strong interactions and baryon structure

from hyperatoms (anti)hadrons multistrange
to hyperonstructure in nuclei hypernuclei

INTERACTION

C
STRUCTURE i . SPECTROCOPY

‘ mass
I 4




Role of multi-nucleon interaction Brm

M(PSR ]1614-2230) =1.97 + Mg Y. Yamamoto, T. Furumoto, N. Yasutake, Th. A Rijken,

Phvs. R 5
M(PSR 10348+0432)=2.01+ Mo + no hyperon mixing B
» 3 Baryon repulsion X
Y P
B

3.0

and NNY

|
* hyperon mixing "
+ 3 baryon repulsion in NNN\gg,

2.9

204




Helmholtz-Institut Mainz

PANDA - a Factory for strange and charmed YY- Palrs/HIM

PHYSICAL REVIEW D VOLUME 8, NUMBER 3 1 AUGUST 1973

Certification of Three Old Cosmic-Ray Emulsion Events as ()~ Decays and Interactions

Luis W. Alvarez

Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720
(Received 10 April 1972; revised manuscript received 3 May 1973)

In the “pre-accelerator years,” when large stacks of emulsion were exposed to cosmic rays at high

altitude, three events were found in which K = mesons were emitted from slowly moving particles. The
1™ is the only presently known particle that can give rise to a K ~ when moving at nonrelativistic
speed, but none of the three events has until now been clearly identified as an Q~. One of the
cosmic-ray events (Eisenberg, 1954) has been incorrectly interpreted as an )~ decaying in flight; it is
now shown to be an interaction in flight of an 1~ with a silver nucleus. The second event is a
clear-cut example of an 2~ decaying in orbit, bound to an emulsion nucleus. The third event is quite
complicated, but can be unambiguously attributed to the decay of an )~ atomically bound to an N'¢
nucleus, followed by a collision of the daughter A with the N'¢, in which the compound system then
fragments into ,C" + p + n. The mass of the 2~ as determined by each of the last two events (Fry
et al., 1955) agrees closely with the mean of all bubble-chamber events.

» Note: in nuclei secondary processes possible

D
K™ raliaen e
p -2 +2° 204 X 5> Q + K+ X o 4
p+n =+ = =+ + + . .
K
= —_—— —— —— — 0
p+p—o>E +E E4+Xo>Q +K + X
Fi16. 1. A projection drawing of the K-mesonic decay of a slow
. . . parélcle dlsbs'nown %b?vef?'a(ik_} is ]:Lsshort recgll Ergck 2 was
a parti was produce an
oo .Seen In el , NJISIO”S (Y 1 0 years prlor to g?e ljl'gemes);n Ff: fcgvet?'acks of pl:'rchcles froll?n thec pnn{ary Z%;r
. n which are in the same direction as the connecting track, but at
the dlsco Very a t Brookha Ven a different depth, were omitted from the drawing for the sake of
V4

clarity.




HESR with PANDA and Electron Coolér™...

1
Helix dipole }] Stochastic

magnet 1 kickers
o — I i— S e
'\‘\¢\ ( ] /./~/~
& Electron cooler LY
Jd 0 A
, : Dipole magnet § Circumference 575 m
i Quadrupole magnet fot
i P :elxtupzle or steerer magnet g Momentum 15 — 15 GeV/C
i B (,)en,OI magnet S .
1 B Injection equipment Z Electron Cooling up to 9 GeV/c
" [ RF cavity / stochastic cooling device C(/)) .
* [J Space reserved for future upgrade Stochastic Cool. Full range
$ :
’§,~ Thick Target 4-101> cm-2
%
L) . . .
- + Beam life time >30 min

bar in'ection.':"% e — —H i —
on J RF cavities 1 Stochastic

PANDA pickups

from CR (RESR)

» High resolution mode » High luminosity mode
» e cooling 1.5 <p <8.9 GeV/c » Stochastic cooling p > 3.8 GeV/c
» 1010 antiprotons stored » 101! antiprotons stored
» Luminosity up to 2-1031 cm—2s1 » Luminosity up to 2:1032 cm2s1
» Ap/p < 4:107 » Ap/p < 2:10%



The PANDA detector Grm

Antiproton Clusterjet or pellet| |Interaction PID detectors
beam arget point point TOF

DIRC

Muon

Forward RICH

PWO Caol

Forward

Shaslyk E

Straw Tube GEM Forard Luminosity

1tracker detectors tracking monitor
Ty \\\ =

Micro verte g
detector

» Official timeline
» 2013-2017: (partial) pre-assembling at COSY, Julich
» >2018: first beam expected at FAIR



N

tagged, polarized hyperons and
antihyperons

Exploring (anti-)hadron interactions Z:m...
» Antihadrons in atomic nuclei A oA
» Nuclear potential of antihadrons and N e
hadrons wﬁ
Search for Antilambda bound states
Exploring the neutron skin of nuclei @’
K*/K* in nuclei
L =
» High resolution y-Spectroscopy : % r
» Excited particle stable state spectroscop of w pannf
light AA hypernuclei : S
» Atomic transitions in heavy hyperonic apacioskons
(5=2,3) atoms -
» Secondary scattering of momentum




AAHY

-
» :
4 .

B

Hyperon-
antihyperon
production
at threshold

Capture
of= in
secondary
target nucleus

+28MeV

-spectroskopy
with Ge-detectors

P;E.RNUCLE'I

J_,.,’,.
L%




Many ways to double hypernuclei  Z:m..

» Ground state masses
» Hybrid-emulsion technique
» J-PARC EO07

» Goal: factor of 10 (,,overall scanning
compared to existing data

» EXxcited
single hyp

» Invarian

» CBM and

» STAR, ALIQ



=- properties determine setup Brm

» = mean life 0.164 nsec

I \ I
E I = - - . . =
0 F N 0.5 - ]
=
E ceby é 04 |- ﬁ. 5mm+C _|
%0 b 3 P 6 10mm + C
B _-'. g 03 l. .'::. 5mm+Si |
. o . o B 10mm+Si
10 = | . | . | = h
0 250 500 750 g 0.2 |- . —
MOMENTUM (MeV/c) E . '
P oty i
0 250 500 750 1000 =
MOMENTUM (MeV/q)
» Mminimizeminimize distance production 1 | .
& capture -
- onc Q
» initial momentum 100-500 MeV/c 2P |
» thickness od secondary target few mm Carbon
0 . | ‘ | . | .
0 250 500 750 1000

MOMENTUM (MeV/c)



S The HYP setup at PANDA o
o —

I
— Primary target ==

and tracking fur
plons from




¥ Status and expected count rate Grm

» Primary and Secondary active target (GEANT, GiBUU,...)

Sec. target

- 11/\/\Be — 11-/:-Be + I'I-H

11 Be —11C+n-, MW"
T T AR A S SN B R

%06 008 04 042 014 016 0.8 0.2
Prign [GeV/e]

0.02




From DEGAS@FRS ... am

DEGAS

Cooling Engine m >

Transition Section

ColdFinger (partly)

n ) ‘jL Bottom Decl

- Backcatcher

Upper Deck

(Slow Control, Power)

Middle Deck

(Preamplifiers and HV Modules)

Bottom Deck

(Backcatcher electronics or | o
Digitizers) ColdFinger Tube #=g"

with Flange (welded)s

Detector Head

_t%t



..to PANGEA@PANDA

ﬁ HIM

Helmholtz-Institut Mainz

(

Production of the prototype detector
Test of the prototype in Japan (RIKEN)
Construction of the detectors

Start of experiments with DEGAS at FRS
'Production of remaining parts for
Rearrangement of DEGAS to
Commissioning and installation of
ready for measurement

PANGEA Head

l PANGEA

|
2016 | 2017 | 2018 | 2019 |
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Status and expected count rate Grm

» HPGe Cluster Array

| Simulation of full-energy-peak-efficiency |

r « only full energy

'y
o

#+ added single escape

added single escape
and double escape

® I

: [=2]
.

=%
o
Ty
%

N
4

s

Full-energy-peak-efficiency [%]

% 2000 4000 6000 8000 10000
Y energy [keV]

triple detector under production

frontend electronics being testet

radiation hardness...

Rates at 5-106 interactions per second (Boron absorber)
» produced = per second: 110
» sStopped = per day: 51800
-
» detected 1, ,Be transitions A 2 pions in 4 months: 26

¥y ¥y v.v



Small relative momentum correlationf. ™ ..

» Well established method for conventional nuclei

20— 7T ST [T AL -
I oo 197, , 40 7
(98) 5Liq.5. (a) Q'ETE!M 9.876 Au( Ar, a 'Li)X
i l al M 153 E/A=60 MeV |
i ~ ] 10.597 || »g5 8 300
. i T 11.444 =
L o5 ] [ T ses o l
_ [ g “ H 11.886
+ 4 . o _ Mi2.557 14.04 7
—_— i R R X + 12.916 14.34
o |.OF ‘ Y . - = = - -?_'L’_’W;,-'-"'-J iy 13.137 14565 17.43
~ -, ,'/ _ -7 = 13.16 2'337 18.37
- K - : 16. 19.146
-7 * t #} w T 27 -
R X / t .
# 197 40 p F | |
= 7] ¢
. E/A=60MeV, 8,,=30° Lo tbytih
/ ) K
O 4 { 1 | 1 1 1 1 I 1 " ﬂ* I I I
© >0 (MV/)'OO 150 BETCTS 200 300
aiviev/e q (Mev/c)

J.Petal, PLB 161B, 256 (1985)

1.P et al, PRC 35, 1695 (1987)



Search for particle unbound states ? Crm..

1 1 1 1 1 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 40
102 all baryons
10
I et
_1 IIIIIIIII
10 F . —
10 L ¢ 9TAu+"""Au, 15AGeV " 30 f—
-3F. (40fm/c) . —
10 - | | | | | | | | f i | ‘ | L | | | | >
[0}
— E 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 E E
T —of coales.baryvon.param: C=0.01 - >
010 F = o e
5 - e . aete.e ‘o,. . = QL
h _3: ..l veee® Tt . . .. : L]C-I 20
0 10 2_ -:/\ N _E -
-..% ST /N ] O
—4F 2 \ / L =
%10 2 :',’ vy - 7 \ -
"':"‘ S VAR ~7 “ 3 O
-c Lol JI| L1 1w |\{ L1 T‘/l L |\{ R A x
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—-1E ]
10 F C=0.05 -~ 10
_of et E At A+ He
0 F s~ __ T
-3F 4 - ~T==-" v He + A
10 4§_ .:'l hyper — ssesseees GH ";,. E
—4F 1 . : Y
10 ;—. Jragments _ _ _ _ A4H \;-—; o .------------------------_“:HL ______
E:ZL" | | | | | | | | | | | | | | ‘ | L | | | I.|_E
-2 -1 0 1 2 mHe, ABu=1MeV
Yem.

A. Botvina, J. Pochodzalla et al.






Production of Q-Atoms

ZO.Kaons _ 1
‘/__' —-@ trigger Hyperon-
pPO— Z antihyperon
5 5 GeV/C\O\‘/%) production
' at threshold
< O
S ~
2, ~a .
Slow down :
and capture ﬁ/\/‘y y-Spectroskopy
of O in with Ge-detectors
secondary O
target 0 _3A
nucleus O

+203MeV

ACEES) 1
o(Q+Q) 20




What we (probably) also can'tdo  Z..

» triple hypernuclei via pp > QQ Qpn — AAA +203MeV ?

[
[
[
[

» A

-

lower cross section

large momenta = lower stopping probability

large Q-value = low probability for triple A nuclei
y-spectroscopy most likely not practical at the beginning

hypernuclei

production via primary + secondary target not possible because of short
lifetime of 7, =0.2ps which exceeds stopping time

direkt production via pp > AAbar or n'p—>A D" difficult because of high
momenta involved (very low sticking probability)

does a two-step process within one nucleus work?

p+p—>D +D detected
D"+p > A +7"

captured in the
nucleus A-2

determination of the A_. hypernucleus mass via missing mass

> needs good knowledge of beam momentum (10-4)

> excellent momentum resolution for =t and D- (resp. decay products)
expected rate ~0.01 day! (??? rescattering - 1day'???)



Proton vs. Omega

by [fm]

PHYSICAL REVIEW D 83, 054011 (2011)
Extracting the ()~ electric quadrupole moment from lattice QCD data
G. Ramalho' and M. T. Pefia'~
Another important issue is that in sea quark effects for
the )~ only at most one single light quark participates, and
therefore the pion has no role in this case. As in chiral
perturbation theory loops involving mesons heavier than
the pion are suppressed, the {1~ becomes then a special
case where meson cloud corrections to the valence quark

by [ fm]
core are expected to be small. A consequence of the small-
ness of the meson cloud effects is that lattice QCD simu- he x axis. Left: i, (b). Right: p7, ,(b). A
- valuation of the densities we used the dipole

lations, quenched or unquenched, should be a good Ls
approximation to {1~ form factors at the physical point.

10+ 1.0t

057 05 |
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Deformation of a Baryon Eom

» J=1/2 baryons have no spectroscopic quadrupole moment
Q = [d® p(r)@32* -r?)

Q. «(3)2-JJ+1)) =250

J,=1/2

» The Q Baryon is the only ,elementary™ particle whose quadrupole
moment can be measured
» 1J=3/2
» long mean lifetime 0.82:1010s

» Contributions to intrinsic quadrupole moment of baryons
» General: One-gluon exchange and meson exchange

» Q: only one-gluon contributions to quadrupole moment
A.]. Buchmann Z. Naturforsch. 52 (1997) 877-940

> sensitive to SU(3) symmetry e.g. within SU(3) limit m /m,=1

Q, = Q,(gluon)



Q- Quadrupole Moment Brm

Model
NRQM

NRQM

NRQM
SU(3) Bag model

QCD-SR
NRQM with mesons
NQM
Lattice QCD
HByPT
Skyrme
Skyrme
QM

xQM

GP QCD
yPT+qlQCD

Lattice QCD

Q [fm?]

0.018

0.004

0.031
0.052

0.1

0.0057

0.028

0.005

0.009

0.024

0.0

0.022

0.026

0.024

0.0086
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A very strange Atom

» hyperfine splitting in Q-atom
= electric quadrupole moment of Q

spin-orbit AE, ~ (@Z2)*l-mg
quadrupole  AEg ~ (2

=10

N
N AN

Q,=0.02fm?

n=10, |=9



J-PARC EO03:Detector Set up Grm .

Facz DC1 ' L

from Hitoshi Sugimura KURAMA magnet
Hyperball-J  xuramamene O
Iull End gurad End gurad %‘
FAL i .

K ﬂ nu\:n{:l;
= TI BACI,2 T2 target || =1 ¥
' L i K+
BDC3 BDC4 " vl
> A5
i

SSD

K- :
Target
Proposal for Fe-Target:
SSD « 3.7 M produced =

« 750000 stopped X
« 2500 x-rays for (6, 5) — (5, 4)




PANDA Setup for Hyperatoms Frm

Stopped = in iron absorber, yz view

? g_ Entries 52274 . 200
1.5:— —1180
1;— —{160
£ =0 0.
E E‘ O;_ —1100
e >1o,5§_ e
;
—1.52— Izo
125:8' A - e
z [cm]
) Simulation of full-energy-peak-efficiency
» Primary and secondary target — T
L . # iron target
separated S
. 0 Q r ‘/ “n‘\ + tantalum target
» very thin primary target S T -
: . o 8 .
» relative thin secondary target § |
— moderate x-rav absorption <6 - STl
p FOr Fe absorber:
Single X-ray lines (6,5)—(5,4): ~3400/month
Cascade events (7,6)—(6,5)A(6,5)—(5,4) ~100/month

for Ta target ~ 25% less
= ideal for comissioning phase of hypernucleus setup
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g% The Short Distance Challenge Em,..

Casc —ode

» Central heavy ion collisions .| baryons AMF g |
are the conventional tool to .
probe high densities € 10! / " i

» But = ,f"\._-. Au--Au 20 A GeV

» Central collisions — hot
hadronic finite matter with
mesons and baryons

» Neutron stars — Cold
baryonic infinite matter ,%

— Let us try an
complementary approach
to dense baryonic matter

A.B. Larionov, O. Buss, K. Gallmeister, and U. Mosel
Phys. Rev. C 76, 044909 (2007)



Bl A Potential (in Neutron Matter) Brm

» exclusive p+p(A) - Y+Y close to threshold within a nucleus

» A and A that leave the nucleus will have different asymptotic
momenta depending on the respective potential

\

J.P., PLB 669 (2008) 306

» = transverse momentum
close to threghold of
coincident YY pairs

o :< pJ_(A)_ pJ_(/:\)>
S\ P+ p ()




Cold compression by antibaryons ? Z:...

067 -

0.5

0.4

p(fm™)

0.677

nucleon density in the °0 nucleus (left) and in the bound 7 + 'O system (right)

[. N. Mishustin, L. M. Satarov, T. J. Biirvenich, H. Stocker, and W. Greiner

PHYSICAL REVIEW C 71, 035201 (2005)




GiBUU Simulations p+*Ne — AA+X Grm

» GiBUU B U
» G-parity used to estimate anti-baryon potentials except for N HIM
[ —

» Approximately 15k exclusive AA pairs in each set
corresponds to < 10 min PANDA incl. efficiency

Energy | Momentum | Excess

energy 10° E . @ .
(MeV) , ; - T ) ‘
( * Pp— AA
850 1522 30.6 ol 4 $ JEF N T
R ¢ o T+ 3+
1000 1696 92.0 H i
° 8 PP —% e T
| ¢
r |
-

Beam momentum [GeV /c]

» Aim of the present work
» Explore sensitivity of o; to a scaling of the real Y potential

» Proof the feasibility of a measurement at PANDA
» Trigger a fully self-consistent dynamical treatment of antihyperons in nuclei



JG|u

GiBUU 1.5

ﬁ HIM

Helmholtz-Institut Mainz

» https://gibuu.hepforge.org/trac/wiki

Institut far Theoretische Physik, JLU Giessen

GiBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project

» G-parity used to estimate anti-baryons potential
» except for N: Antiproton potential is scaled by 0.22 to obtain -150MeV

TABLE I: The Schrodinger equivalent potentials of different particles at zero kinetic energy,

Us = 8Si + ",“ + ( Sf — (‘;"‘)2),.-""2111, (in MeV), in nuclear matter at po.

U

N A )

(1]

N A )

-46 -38 -39 -22 -150 -449 -449 -227 -18 -224

» Aim of the present work
» Explore sensitivity of o; to a scaling of the real Y potential
» Proof the feasibility of a measurement at PANDA

» Trigger a fully self-consistent dynamical treatment of antihyperons in
nuclei


https://gibuu.hepforge.org/trac/wiki

Scan of A Potential with GiBUU

» U(A)= -449MeV, -225MeV, -112MeV, OMeV
» All other potentials unchanged

PLB 749, 421 (2015)
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Transversal Asymmetry o,
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Helmholtz-Institut Mainz
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Antihyperon-Hyperon Pairs in PANDAZ ...

» 202x first beam in PANDA expected — commissioning phase

» We are right now exploring different scenarigg

» different detector availability

» different solenoid fields
and other important g -

» luminosit

e oh V2
> Ien “o
Typica P e*

momen
A+ A cast
» NatNe td
» only che
» assume 3
» pair recon

= 144k

06s-1 (~10% of default luminosity)
~ 3%
A pairs per day = 10 x GiBUU

» Moderate data taking period ~14 days Ne target + 7 days p-target
= 130 x present GiBUU simulations



Other |s|=1 channels @ 1000MeV Grm

» p+poA+A PD+p—o>Z0+A
» pP+NoA+Y p+n—oIt+A (x1/100)

+03

- e

= E(p)=1000MeV A

£ 0.2 S~ £ =0.25
> 2 —A x |
< —_— 5_=05
© A

£ 0.1 1

>

c

o

I_

o

1
|
S
e
!
|
Ll 1
T 1

4
&
¢
v
{:.
+¢
o+

-0.1
02 - 1
_ - l& _%_
_0'3__ I | I I I I | I | | | | | | |_ |_ |
1 -0.5 0 0.5 1

Long'itudinal Asymmetry o



Probing the Neutron Skin of Nuclei Z:"...
| p+poA+A|  pHpoIO+A P+NoA+Y" P+NoI+A
absorption length of p Mps = LI 1 — = £0.0.6fm
O aps P 100mb-0.17fm Jo,
survival probability Peurvivar = EXP(=Ar /)
4.0 ] 1 L 1 1 1 L 1 1
» going from 20°Ne vs. 22Ne [ Ne-isotopes
3.9 r

ES.O} ® ﬂ
- L -

25 E/Q/ F. Grimmer et al.,

psurvival(p / Po = 0.5)~0.84=1- Pabs i Phys. Lett. B 387 (1996) 673;

90 [ L 1 1 I 1 i F

14 16 18 20 22 24 26 28 30 32 34

Atomic Number

» additional absorption of antiprotons in neutron skin:
» A+ will increase in 22Ne with respect to ?°Ne by 1+p_,. ~1.16
» A+A-will decrease in 2°2Ne with respect to 2°Ne by 1-p_,.~0.84
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Table I. _Production yield of AA and AX-pairs in P-Ne interactions. The last line gives the double-ratio for
AX™ and AA production.

Target AX” AA
*'Ne 3667 18808
Ne 4516 15733

ratio 22Ne/?'Ne 1.23 0.84

ratio(AX™)/ratio(AA) 1.46




Future Options B

» Further options:
» Any other pair: =-%, E-5, A A,
» Long lived resonances in nuclei 2
A(1520) (I'= 15.6 MeV)
2(1530) (I'=9.9 MeV)
A (2880) (I'=5.8MeV)

o
Y

(=]

versal Asymmetry o

iy

-0.2

-0.3

_ 3GeVIie pr7C — EE

I I
-0.5

-

0.5 1
Longitudinal Asymmetry o,

» Unique change to study charmed baryons in nuclear systems ?






Exp. Approaches to Y-N interactions G rm

» low energy baryon-baryon scattering
» N-N: ~10% data points available
» charged hyperon — proton: scattering in a scintillator target

> Xp: KEK-PS E289 (n-,K*) = 30 events
> Xtp: KEK-PS 251 & KEK-PS E289 (n+,K*) = 31 events each
> =2 p: (K ,KY) = 1 candidate
K gmo - (a) Tp-=I'p -0.8 < cosb,, < 0.8
D .

100 - L NSCo7
C ® Thiswork

0 200 400 600 800 1000
P; (MeV/c)

> JPARC: ~1000 events/day
» hyperon-hyperon final state interaction
» feasible but difficult to interpret

» Tagged hyperon-antihyperon pair production and secondary
scattering



S = scattering Grm

» Ahn et al.

= p—>Z p(XZ) T p—ar s nlrE)




¥ =- scattering Grm

o —>I7p (XZ)

= p—>=p (Y2)

Sec. target

AJohann ()= p-> =p -
aidenbauer I

LO
@ Ahn(2006)

G (mb)
3

1 1 1 1 1
0 200 400 600 800 1000 1200
Pras (MeV) pl—

» p+p— Y+Y provides mornentum tagged (low) momentum, polarized
hyperon or antihyperon beams

» scattering experiment with low momentum (anti)hyperons possible

» long term future:low energy p-p collider



> scattering B

» Ahn et al. Beyond PANDA: YN, YN scattering

o
(]

Xy

/

A1 \

°

transverse momentum (GeV/c)
—
~
\§
\
//
-,
//

o
O

6 0.8 1.0 1.2 1.4 1.6
longitudinal momentum (GeV/c)

Ep—>E pZ) = pr=os. DYz

Sec. target

MVD

» p+p— Y+Y provides momentum tagged (low) momentum, polarized
hyperon or antihyperon beams

» scattering experiment with low momentum (anti)hyperons possible




. . - - / HIM
Overview: Strangeness in Nuclei AL
Physics topic setup luminosity primary secondary comple-
requirement target target mentarity
Ain nuclei PANDA moderate Ne, Ar - none
A bound state PANDA moderate Ne, Ar - none
Early —
phase K*/K* nuclear PANDA moderate -
absorption
=-atoms PANDA-HYP moderate C Fe...Pb JPARC
>, Zin nuclei; PANDA standard Ne, Ar - none
neutron skin
Standard -
conditions /- _ PANDA-HYP standard C (Ti?) B (Be, C) JPARC
hypernuclei (g.s.), CBM
(y-transitions) (p-u. s.)
Q-atoms PANDA-HYP standard C (Ti?) Fe...Pb none
A.and A.in PANDA standard Ne - none
Future nuc'ei
options
Y and Y PANDA + standard H (CH,), JPARC
secondary sec. active (only Y)
scattering target



An antlproton storage rlngs is an excellent
p;;, and unique factory for strange and charmed
LYY pair productlon | "
Stored antiproton beams offer severaI g
unique opportunities to study the .~ - - "
! interactions of hyperons and ant|hyperons T

" Several unique experlments can be ' -
performed during the comm|SS|on|ng phase ?’_
of such a rlng e s
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