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A Heavy Neutron Stars
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The Hyperon Puzzle in Neutron Stars

» Also three (and four) baryon forces are essential
for understanding the EOS at high density
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» This 53@@@@#@% %%gﬁgny E&' But a two solar mass neutron

star may still be compatible with the presence of hyperons

But even if hyperons do not appear in neutrons stars, why so ?
= Need a precise understand Y-N, Y-Y, Y-N-N, ... interactions !



4 Possibilities for studying YN, YNN

» Scattering of hyperons /-

and antihyperons // %ﬁi\
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— JPARC, PANDA
» p+p— Y+Y provides
momentum tagged

hyperon or antihyperon
beams

tRansverse momentum (GeV/c)
“
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» p+A—> Y+Y+X:

(anti)hyperon nuclear antihyperon
potentials from Y+Y pair nucleus
correlations P /

— PANDA —35

see e.g. PLB 669 (2008) 306

hyperon

» Hypernuclei !

» Advantage: YN,YNN,...,YY
iInteraction accessible



Fundamental theories are getting mature...

» EFT for relevant degrees of freedom N e
based on symmetries of QCD;
provides hierarchy of consistent NN, LO >< ‘ I
3N, 4N,... interactions

» Also Lattice QCD makes giant steps NLO X} H - o
towards nuclear physics H H |
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CSB In Strange Nuclel - Experiment
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» A. Nogga (HYP 2012): “CSB for four-body hypernuclei is a puzzle”

» Precise <100keV information on ground state masses of hypernuclei
can serve as a extremely valuable input to determine YN



The experimental situation of 4,H

» W. Gajewski et al, AH Tt o H o 1O
» Nucl. Phys. B1, 105 (1967)
. 208 (v 4He)  B,=2.2620.07

8 —

» 21 (v pt)+2 (xdd) B,= 1.86+0.10 *]
» G. Bohm et al., 2z

» Nucl. Phys. B4, 511 (1968)

» 552 (- “He ) B,= 2.29+0.04 o o

» 63 (- pt)+7 (xdd) B,= 2.08+0.06 20
» M. Juric et al., Nucl. Phys. B52, 1 (1973)

» 56 (- pt) B,= 2.14+0.07

» 11 (zppd) B,= 1.92+0.12 " R R B N NN
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» CSB |AE|~100keV

CSB In 3Baryon Forces ?

» 3 baryon force: YNN ?
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The A=7 Hypernuclel

A NOTE ON THE ,He? HYPERFRAGMENTS TABLE Il Binding energies of A = 7,7 = 1 iso-triplets A

hypernuclei. Errors of EO1-011 are statistical and systematic
errors.

J. PNIEWSKI and M. DANYSZ
Institute of Physics, University of Warsaw, Warsaw = =
and Institute of Nuclear Research, Warsaw, Poland ( iHe (E01-011) ViLi" [2,13]  iBe [2]

Ba (.\IOV)\S.GS +0.03 + O.QV 5.26+0.03  5.16 £+ 0.08

Received 16 April 1962

To find 2 way out of this dilemma 3 we may con-
sider the spread of B, values of jHe! in table 1 to

be a genuine effect. K we divide tentatively all the E 5 C I I L
events from this table into two groups in which the g Juric et al.
hypernuclei are observed to decay with or without : | |
a heavy recoil (A = 6.7) we notice that for the first g 0 | | ﬂ : | ——— | b3
group the average A° binding energy is: _
B} = (5.1 + 0.4) MeV —~ T JLab EO1-011 1
RE—— o 10— | —
while for the second one: 560/ /1002 1.00) = i !
B}y = (3.2 £ 0.4) MeV ; I ' BRIk
o 30304810  516:054 ; I ) eliel 108
S 294107%) 54812067 [Tl s 5 |
g 329.107%  5.03:0.69 =
E 20 =
C n + % i
J*=0";
7 6 T=1" ‘\5‘ Ld J 1
10 — A Be He Z | | —
7 H S.N. Nakamura et al. (HKS), §
A € arXiv:1207.0571v2 ]
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The twofold way
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A —yA" = decay
» Direct production spectroscopy » Decay spectroscopy
» Examples » y-decay of excited states
» Strangeness production » 1 from two-body weak decay
(n*, K), (m, K°) » charged fragments
» Strangeness exchange » Examples

(K, ) (K, 19, (K,K%)
» Electroproduction
(e.e” K%, (v.K¥)
» Absolute calibration difficult
» Secondary beams
» High momenta

» nuclear emulsions

» heavy ion reactions

» antiproton induced reactions
| 2

continuum excitation in
(e,e” K+)




Missing Mass Experiments

(Emulsion)
Heavy lon (HypHI, ALICE,...)

Precission Pion Spectroscopy (Jlab,MZ)
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Neutron Number

» Not a single mirror pair can be reached by the same method
» Systematic error >200keV



High Resolution
Decay Pion

Spectroscopy at
MAMI

Anselm Esser, Sho Nagao, Florian Schulz
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Decay pion spectroscopy ED

nxmi

MAINZER MIKROTRON

» 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
. » electronic experiment
Be » well defined initial target nucleus
e
\ 9 -
\ p\. AL
”A
Fragmentation\ ‘\A( 4 1
(<1O—168) . ““ %’.‘A A
L :
Weak mesonic
*He

two-body decay (—10-19s)
at rest
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81 The prospects

MAINZER MIKROTRON
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Sl Fermi breakup of excited hypernuclei

» Decay of 9,Li* (a. Botvina, A. Sanchez, J. P., Physics Letters B 697 (2011) 222)
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81 The experiment in a nutshell R

MAINZER MIKROTRON

» Electroproduction of excited hypernuclei on °Be
Target

Event tagging by kaon detection

Fragmentation produces several light
hypernuclei

» Mesonic weak decay and groundstate mass
@ reconstruction by spectroscopy of pions from
O

two-body decay



8 The Mainz Microtron MAMI-C |

» Cascade of three race track microtron g ‘L_| |

+ Harmonic Double Sided Microtron '*ii:i
(HDSM) ‘

» 19.12.2006: first 1508MeV beam
» Up to 7000h operation / year

» MAMI-C beam parameters

» 1508MeV (now max. 1600MeV), o < P
0.100MeV Ny,

£
» max. 100pA (156kW average beam g U
| |

power)

» =9 nm rad, ¢, < 1 nm rad (allows for m|im
beam foci of ~um) & |

» halo: <10>atr > 5-c, e




il \What can be expected
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Pion detection
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Spectrometer A (red)
Spectrometer C (green)
Momentum resolution
Ap/p= 104 = Am < 30keV/c
Solid angle: 28 msr
Momentum acceptance

» Spek A: 20%

» Spek C: 25%
Length of trajectories

» Spek A:10.75m

» Spek C: 8.53m

Gas threshold Cherenkov
detectors for pion/electron
separation

&)

MAINZER MIKROTRON




Setup of the Pilot run 2011

to beam dump
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‘Target rotated 54° wrt beam:
— Reduced energy loss variation for pions

electron beam
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fY Data analysis

MAINZER MIKROTRON

» Main challenge: Huge positron background at 0° in KAOS produced
by bremsstrahlung conversion: 10%/uA

» Determination of best parameters for kaon selection:

» Single KAOS arm time-of-flight 700 T
» Specific energy loss e00 ¢ Ty M
» Threshold Cherenkov light yield e B

.. . c c 400
» Optimisation of K* selection in an e»
300 F

» Coincidence time determinatiorre |

counts

from different spe¢trometer 100 |
12 0
5 0 5 10
g 10 coincidence time [ns]
= I
g 8 20
|
S
| 6
Q
E .
= 4 E
2
9
i 200 400 600 800
Anselm Esser (PhD Malr_12) momentum [Me = 0 c 10
Sho Nagao (PhD Sendal) = coincidence time [ns]

Florian Schulz (PhD Carl Zeiss fellow)



ifl Decay pion spectroscopy: 2011 run

10 . . . . - - - PhD projects
: Anselm Esser,

s | single track ] Sho Nagao
analysis Florian Schulz

6

4 F

2

0

100 10 115 0N 125 130 135 140

*

pion UM [Mevic]

y . 4
10_
- multi trac&

~analysis

Counts/200keV

» Promising but not yet conclusive!
» Need better statistics!! (see http://www.nu.to.infn.it/Statistics/...)



Supression of Positron Background

» Goal Reduction of e* background at increased luminosity

» Lead p=11.35 g/cm?
» Nuclear interaction length 199.6 g/cm?
» Radiation length X0=6.37g/cm?

Test-Experiment Setup Results

drift chambers experimental
result

gas cherenkov

/

lead absorbers
ToF walls /

electrons,

’,4'? w plons 1000 1100 1200 130
position

simulation
| result

gray:
total events

counts

red:
events with -
cherenkov hit



{1 Dedicated KAOS setup

T 1
kaons ——
positrons —— |

01 F

relative yield

0.001

0.0001

0 2 4 <] 8 10 12 14

absorber thickness [cm]

» Reduction of background at increased luminosity
» Optimized by GEANT simulations: I,.= 22pA dp,,=10cm—14cm

» Additional improvements:
» 3 TOF walls
» Increased TOF path,
» 2nd C-detectors

» Experiment will start October 23 2012
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h Conclusmns |
"~ « Precision pion decay spectroscopy
- offers a unique possibility for
precision hypernulcei mass
determination throughout the
strange per|od|c system

started and will hopefully soon

11111

™ present first phyS|cs results
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Fragmentation ane %&El#g]gmentatlon reactions in Iaboratory experlments and
astrophysmal sites.

Production -mechanisms of-nuclear fragments, hypernuclei, and antinuclei.
Prod#ess in t'ﬁeoreﬁcerh‘descrlptlon of baryon interactions, nuclei, and hypernuclei.
Equation of state (EOS) of isospin-asymmetric and hyperonic “Ruclear matter.
Phase transitions | Eﬁmcomsmns at intermediate and high energies.

Nuclear compositib%ﬁ S:of supernova matter and neutron stars:

Evaluation of fragmentation reactlons in cancer therapy, transmutation of nuclear

waste, and spallation sources.




