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Introduction
* Charge Independence: [H,, T] =0

— isospin invariance - strong interaction forces do
not distinguish between n and p:

H.(pp, T3=+1) = H(pn, T;=0) = H(nn, T,=-1)
after removing e.m. effects

— only approximate symmetries (u&d masses
difference, qg e.m. interactions =2 p&n masses,
meson mixing p°-w)

* Charge Symmetry: P, = e [Hg, P]1=0
H.(pp, T3=+1) = H(nn, T,=-1) T=1
Ho(Ap, T,=+1/2) = H((An, T,=-1/2)  T=1/2



Introduction

Charge Symmetry Breaking (CSB) effects

mirror nuclei binding energies
(generalization of the n-p mass difference)
 AB =B(3H)-B(3He) = 746 keV > ~71 keV CSB

* Nolen-Schiffer anomaly: n-rich nuclei more deeply
bound than p-rich nuclei (~5%: u,d quark mass difference)

mirror hypernuclei A separation energies
H.(Ap) = H.(An) = contribution to total B



A B, (keV)

Present knowledge on CSB effects in
s and p-shell A-hypernuclei

Ba =[M(A) + M(A_lz) — M(ﬁZ)] 02 A separation energy

ABA(A,Z)=BA(4Z) — BA(L(Z = 1)) mirror pa.ir difference
AB,= 0 if H,(Ap) = H{(An)
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A-hypernuclei production

* emulsion experiments: hyperfragments produced
on heavy components of the emulsion (Ag, Br) by K
(stopped and in-flight) p- and n-rich hypernuclei

* magnetic spectrometers with dedicated reactions:
— (K, ) K+Hn|=> A+m  onnuclei '_ p-rich
— (", K*)  m4Hn/=> A+K* onnuclei | hypernuclei
— (e, e’ K*) e+p|> e+ A+K* onnuclei n-rich
v +p S A+ K hypernuclei

CSB effects: results from different experiments
absolute energy scale calibration



Absolute energy scale calibration ... SEpEvn
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Recalibration of KEK/SKS B,:
10 Bevs19Band*,Nvs 0..?

T. Gogami ef al., PRC 93 (2016) 034314 E. B., T. Bressani, A.Feliciello, NPA 960 (2017) 165
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CSBinA=7,T=1 Ajhypernuclei?
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CSBin A=8, T =% A-hypernuclei?
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CSBin A=10, T =% A-hypernuclei?
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12 systems) [MeV]
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CSBin A=12, T =% NA-hypernuclei?
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CSBin A=16, T =% A-hypernuclei?
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CSBin A=4, T =7 A-hypernuclei

emulsions and old
Y measurements:
AB,(0+) =350 % 60 keV

T.0. Yamamoto et al.,Phys. Rev. Lett. 115 (2015) 222501
1406 + 2 + 2 keV
strong CSB dependence on spin

AB, (1+) = 290 + 60 keV

3H+ A 0 3He + A
0.984 £0.05
1+ 1.06710.—09--- = 7= 4il- 83194 keV
Bedjidian et al.,
PLB 83 (1979) 252 | —>]1.09+0.02 1.406 £ 0.003 (1.15 £ 0.04)
0 o — oo |
2.157+£0.077 - 1
(2.04 £ 0.04) 2.39+0.05
AH v rHe M. Juric et al.,
B, [MeV] NPB 52 (1973) 1

A1l Collaboration, F. Schulz et al., Nucl. Phys. A 954 (2016) 149.
2.157 £ 0.005 + 0.077 MeV




4 systems) [MeV]

B, (A=

15

CSBin A=4, T =% NA-hypernuclei?
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A B, (keV)

Conclusions
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Theoretical calculations

@ D

E. Hiyama et al., PRC 80 (2009) 054321

4 body cluster model (A+o+N+N) for A=7, 8 b
4-body potential given by the sum of two-body interactions that reproduce the observed
properties of any subsystems composed of aN, aA, aNN and aAN. The AN interaction is
adjusted so as to reproduce the 0* - 1* splitting of in 4, H. Phenomenological AN CSB
interaction: central force only with a one-range Gaussian form which includes
spin-independent and spin-spin parts.

D)

A. Gal, PLB 744 (2015) 352

d

Dalitz and von Hippel A-X mixing mechanism in SU(3) to produce CSB contributions from
OPE interactions in hypernuclei. G-matrix YN effective inter. derived from NSC97

~1% X admixture percentages in 0+; 1+ admixture considerably weaker .
A=4then 7, 8,9, 10

@ )

D. Gazda, A. Gal, NPA 954 (2016) 161

Gazda-Gal: ab-initio No Core Shell Model calculation based on Bonn-Julich LO chiral EFT

for YN and NN (N3LO), NNN (N2LO) interactions.

CSB mechanism: A-Z mixing (AN-ZN coupling ), OPE exchange interactions: CSB is driven by
relatively long-range OPE. A=4




Revised CSB effect in p-shell A-hypernuclei

ABA(A,Z)=BA(LZ) — BA(A(Z — 1))

multiplet pair | ABA(A, Z) (keV) | experimental sources | Reference
1Be — 1Li* —100 £ 90 emuls. — emuls. 2, 4]
TLi* — THe ~20+230 | FINUDA — (e, K+) | [tw)]
8Be — 3 Li +40 + 60 emuls. — emuls. 2]
B — 9Be —220 + 250 emuls. — emuls. 2]
+40 £+ 120 SKS — (e,e/,K™) [13]
12C - 1B —570 + 190 emuls. — emuls. 2]
—230 + 190 SKS — (e,¢,K+) 13]
450 £110 | FINUDA — (e, K*) | [t-w]
160 — 16N 360 +430 | FINUDA — (e, K*) | [tw.]

[2] D.H. Davis, Nucl. Phys. A 754 (2005) 3c.
[4] H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5963.

[13] T. Gogami et al., Phys. Rev. C 93 (2016) 034314
[t.w.] E. B., T. Bressani, A.Feliciello, NPA 960 (2017) 165

AB,(°,\B - 9,Li) =-210 £ 220 keV from emulsions (AZ=2)



s, p-shell hypernuclei B, from counter experiments
with absolute energy scale calibration

B, [MeV]
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|emulsions|(MeV) 7t KT) (MeV) (7T, KT) (MeV) (K 0y ™) (MeV) (e, KT) (MeV)
KEK-SKS [5]  KEK-SKS revised [t.w.]| | DA®NE-FINUDA | [JTab, Mabi |
2H  0.13£0.0540.04 [1, 2]
AH  2.0440.04+0.04 [1, 2] 2.157+0.00540.077 [16]
2He  2.3940.03£0.04 [1, 2]
3He  3.1240.024+0.04 [1, 2]
¢H 4.0+1.1 [20, 28]
¢ He 4.254-0.10 [1]
4.18+0.1040.04 [2]
7 He 5.5540.1040.11 [11]
fLi  5.58+0.03+0.04 [1,2]  5.22+0.0840.36 5.8240.084-0.08 5.8540.1340.10 [19],[t.w.]
5.840.4 [21]
T Li* 5.2640.0340.04 4.90+0.08+0.36 5.504-0.084-0.08 5.534:0.1340.10
4] 5.484-0.40
TBe  5.16+0.08+0.04 [1, 2]
aHe  716:+0.70+0.04 1, 2 E. B., T. Bressani, A.Feliciello, NPA 960 (2017) 165
8Li  6.80+£0.034+0.04 [1, 2]
8Be  6.84:0.05+0.04 [1, 2]
QLi 8.5340.15 [1] 8.364-0.084-0.08 [12]
8.51+0.1240.04 [2]
{Be  6.71£0.044+0.04 [1,2]  5.99+0.0740.36 6.5940.0740.08 6.3040.1040.10 [19],[t.w.]
6.20.4 [21]
iB 7.8840.15 [1]
8.2940.1840.04 [2]
18Be 9.3040.26 [1] 8.60+0.07+0.16 [13]
9.1140.2240.04 [2]
BB 8.89+0.12+0.04 [1, 2] 8.1£0.1+0.5 8.7+£0.140.08
UB  10.2440.05+0.04 [1, 2] 10.2840.20.4 [t.w.]
2B 11.3740.06+0.04 [1, 2] 11.52440.01940.013 [14]
¢ 10.76+0.1940.04 [2] 10.80 fixed 11.5740.0440.10 [19],[t.w.]
10.944-0.064-0.50 [18]
12c 11.2240.08 [1] 11.384+0.0540.36 11.9840.0540.08 11.0£0.4 [21]
11.69+0.1240.04 [2]
1C 12.1740.3340.04 [2]
BN 13.5940.1540.04 [1, 2] 13.840.7£1.0 [t.w.]
10N 13.76+£0.16 [15]

16
AO

12.42+0.05+0.36 13.02+0.05+0.08 13.440.4 [21]
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