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Charge symmetry breaking in 1H/2He
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Sizable CSB splitting in 0" ground states, while small in 1" excited states. J




Introduction

Theoretical works

@ R. H. Dalitz and F. von Hippel (Phys. Lett. 10 (1964) 153)
— CSB OPE contribution by allowing A — £° mixing in SU(3)¢

2| M |A)
< =2A% gAY, = MY o148(6
&M AjZ18ns Al Mso — My (6)
@ A. Gal (Phys. Let. B 744 (2015) 352)

— generalization of DvH

2
(NA| VAR® INA) = fﬁAﬁlem (NA| V|NZ)
— ABA(04 ) ~ 240 keV ABA(11.)) &= 35 keV

@ D. Gazda and A. Gal
(Phys. Rev. Lett. 116 (2016) 122501; Nucl. Phys. A 954 (2016) 161)
— generalized DvH; LO xYEFT YN interaction; NSCM

— ABA(0f ) ~ 180 £ 130 keV ABA(15.) = —200 £ 30 keV
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Fig. 1 CSB contributions involving pion exchange, according to Dalitz and von Hippel [1],
due to A — XY mixing (left two diagrams) and 7" — 5 mixing (right diagram).
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Fig. 2 CSB contributions from K* /K" exchange (left) and from contact terms (right).

A | NLO13 | NLO19 ‘
CESBIMeV—2]  CFSBMev—2] | CC5BMeVT?]  CESB[MeVT?
500 4.601 x 1073 —9.204 x 1074 5.590 x 1079 —0.505 x 10~
550 6.724 x 1073 —8.625 x 107 6.863 % 1079 —1.260 x 1079
600 9.960 x 107%  —9.870 x 10~* 9.217 x 107%  —1.305 x 107*
650 1.500 x 1072 —1.142 x 107 1.240 x 1072 —1.395 x 1073
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Fig. 1 CSB contributions involving pion exchange, according to Dalitz and von Hippel [1].
due to A — £ mixing (left two diagrams) and 7° — 5 mixing (right diagram).
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Fig. 2 CSB contributions from K+ /K" exchange (left) and from contact terms (right).

A NLO13 | NLO19 |
COSBMeV2  CPSB[MeV 2 | €E5BMeVT2]  CPIP|MeVTY
500 4.601 % 1073 —9.204 x 1074 5.590 x 107%  —0.505 x 107*
550 6.724 x 1073 —8.625 x 104 6.863 x 1079 —1.260 % 1073
600 9.960 x 1073 —9.870 x 10~* 9.217 % 1079 —1.305 x 1079

650 1.500 x 1072 —1.142 x 10~ 1.240 x 107%  —1.395 x 10~
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Fig. 1 CSB contributions involving pion exchange, according to Dalitz and von Hippel [1],
due to A — XY mixing (left two diagrams) and 7" — 5 mixing (right diagram).
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Hypernuclear CSB within #EFT

Hypernuclear CSB within #EFT

Charge Symmetric (CS) LO #EFT

(introduced extensively in Nir Barnea’'s talk)

Nuclear : Hypernuclear :

a2
Vi = Z CﬁN(A)PSe 4 Vin = Z C/\N 735677“2
S

2
Vi = D}\/2 1/2 QI/Z 1/2 Z ef%(rfﬁré)

cyc

V/\NN _ Z D/\NN()\)QIS Z r12+r23

cyc

— fitted to explicit CS input : ( H) ""/pp —18.13 fm, several sets of (ag"; a1"),
Ba(3H), and CS averages B(*H/” He) and B(AH/\He)



Hypernuclear CSB within #EFT

Hypernuclear CSB within #EFT
Charge Symmetric (CS) LO #EFT

(introduced extensively in Nir Barnea’'s talk)

Nuclear :

2
Vi = Z C/ﬁN(/\)PSe_AT%2

Hypernuclear :

Van = Z Civ()PSe ¥k

Vi = D1/2 1/291/2 1/2 Z e 222 42 Vi = Z D NN()‘)QIS Ze 2 (2 +12y)
cyc cyc
CSB in AN interaction

1 1-—
C,f,ﬂ? = (G s +TNz+C/§n TNz

1 1
C/fN = E(C/fp + C/fn)y 5C/€N = E(C/fp - C/fn)

part of LO CS #EFT perturbative CSB

2 ! ! 2
Van = Cin(NP e 58 13 6CRu (N Py, e 5 R
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Hypernuclear CSB within #EFT

Fitting CSB LECs

— perturbatively
— two experimental constraints

ABA(0F ) =233 £ 92 keV ABp(15) = —83 4+ 94 keV

System of two linear equation for 5CPy and 6Ciy

2 6Cy AVay: o+ +2 0Chy AViy. o+ = ABA(0F )
2 6Chy AV, 1+ +2 6Chy AViy, 1+ = ABA(1e)
where

AVin: = = (WH; J7 e Psda(an) A H; J7)

CS LO #EFT wave function



Fitting CSB LECs
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|6Can| < 16CAN| ; predominantly opposite sign




Ap and An scattering lengths

— CSB propagated into AN scattering length (perturbatively; DWBA)

15 Y
E 10 _-30
o3 £ s
705 E
=5 20
<
0.0 s
15 --@-  Alexander
_ -%- NSC97f =35
£10 AEFTL0) -30
= --@- yEFT(NLO) 'E‘
= =25
R :
-2 S 20
-15
2 4 6 [ 10
A [fm~1]

S = 0 : Stronger An and weaker Ap interaction
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S =1 : Hardly affected; mostly stronger Ap and weaker An interaction




Puzzle

In-medium A isospin impurity

DvH ansatz : A N
(A. Gal, Phys. Lett. B 744 (2015) 352)
(9
2
(AN|Vess|AN) = -5 A (SN Ves|AN) 7y, 50
s 2 s s
6C/\N: 7% A/:l C/\N;ZN
A N

SU(3)r symmetry:
(C.B. Dover, H. Feshbach, Ann. Phys. (NY) 198 (1990) 321)

C/?N,)ZN = _3(CI(\)IN - C/(\)N) } N *«4?71 = (\/§/2)<5C/(\]N/[*3(C/?/N - CX/\/)]
C/{N,XN = (Cww — Cin) — Al = (V3/2)5Can/[(Caw — Can)]
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In-medium A isospin impurity

0.04
10.02
O~
<
|
0.00
0.04

_10.02

0.00

--@- Alexander --®- yEFT(NLO)19
--%- NSC97f < DvH mass formula
-V~ yEFT(LO)

11



In-medium A isospin impurity
— considering more precise AE, = 316 £ 20 keV

Relation between CSB LECs and AE, :
26C [AV,?N; o — AV, 14 £ 256CH [AV,%N; o — AViy, ﬁ] — AE,

— assuming DvH ansatz, SU(3)r symmetry, and A)_; = Aj_;

Relation between /| = 1 admixture amplitude and AE, :

V3
—Aimr =—5-AE, (—6(@(\)/1\1 — GAW)[A VRN, o — AVRw, 14]

1
+2 (Cin — Crw)[AVaw, o+ — AVay, 1+])
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Puzzle

In-medium A isospin impurity
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Method/Input —Ai=1

SU(3)r (Phys. Lett 10 (1964) 153)
LQCD (Phys. Rev. D 101 (2020) 034517)
#EFT (LO)/[XEFT(LO); A — 0]
#EFT (LO)/[XEFT(NLO); A — 0]

0.0148 £ 0.0006
0.0168 £ 0.0054
0.0139 £ 0.0013
0.0168 £ 0.0014
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Conclusions

Conclusions
@ perturbative inclusion of CSB in LO #EFT (fitted to CSB in AH/zHe)

@ Spin-singlet : Stronger An and weaker Ap interaction
Spin-triplet : Hardly affected; mostly stronger Ap and weaker An

@ assumtion of DvH ansatz and SU(3)s symmetry

@ extraction of in-medium A isospin impurity A;—1; all cases in agreement with
free-space LQCD prediction and in most cases with free-space DvH value

@ using -’451)1 DvH value the procedure can be applied in reverse thus predicting
experimental CSB in AH/AHe
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Backup slides

Nuclear CSB

ap [fm]

within #EFT
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-15 op.exp PP (ACSB
---- afP®P=-17.3+0.4 fm ap? (AS3° 5. = 68 £ 9 keV)
---- ag" = -18.9520.4fm  —— an" (AS3® . =68+ 9 keV)
---- alV=-18.13+0.3 fm
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