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Light baryons
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Mass cr decay
A(uds) 1116 7.9 pr—  64%
nm®  36%
>t (uus) 1.189 24  pn' 52%
nnt  48%
Y (dds) 1.197 44 nx~ 100%
Z(uss) 1.315 8.7 An® 100%
= (dss) 1321 5.1 An~ 100%
0~ (sss) 1.672 2.5 AK~- 68%
20— 24%
=70 9%
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Transition Form Factors
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EM Transition Form Factors
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EM Transition Form Factors
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Radiative Decays B’ —» By

BF
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Radiative Decays B’

— Bmy

Decay LEC dependence at NLO BR at LO|BR at NLO
=T 2 =27 ﬂo‘}' ha, das, bar.p, barr 82x107% 86 x 107"
=~ = E% v |ha, Ha, eur, ce, das, bup 1.4x107% 1.4 x 1073
= 5 = x" ~y|ha, D, F, cur, ek, bu.p, barr 12x107%1.2x 107
=0 5 =040 ~ |ha, Ha, D, F, ¢, b.'\-!,D 0 1.9 x 107
¥t 5yt 1I'O")’ ha, Ha, D, epr, dag, b‘\.f'D, b‘u'p 89x107712x 107"
vt 5 Y%xt y|ha, Ha, F, en, ci, du, bar.p 3.6 x107°[3.7x107°
Y= o Y 7%y |ha, das, barp, basr 6.3 x 1077 6.6 x 1077
v Y0g- Y\ha, Ha, er, ce, dasy, barp 44 x107°%| 4.5 %x 1075
v o St a~ y|ha, Ha, D, F, eum, ce, bu,p, bar,r 5.9 x 107°| 5.9 x 107°
PIRRI 3 1r+7 ha, D, F, ey, cg, b.M,De b‘\.{‘p 33x107°34x%x107°
) Pl S 3 7'(0‘7 ha, D, ey, bM,D 0 2.6 x 107*
v 5 An’~  |ha, D, em, bup 0 3.6 x107°
AT o p7l’+’)‘ ha, Ha, car, cg, das, barp, barr 1.7x107% 1.8 x 1073
AT o pﬂ'o‘)' ha, Ha, D, F, cpr, dag, b;\v!,D; bM,p 56 x107°| 7.2 x 107°
AT 5 nnty |ha, Ha, D, F, e, ce, dy, bup |75 %107 7.6 x 107°
A" 5 pr~ v |ha, Ha, D, F, cpr, dar, basp, barrp|1.0 x 1073 1.0 x 1073
A° 5 n1r°7 ha, Ha, D, F| ¢)r, bA‘!,D 0 7.6 x 107
A7 9 nn v |ha, Ha, em, ce, dy, barp 23x107% 23x107?

Homberg, Leupold Phys.Rev.D 100 (2019) 114001




Weak Transition Form Factors
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Weak Transition Form Factors
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Hyperon semi-leptonic decays

Process AM AS p-mode BF(e-mode)
[MeV] X102
YT — AeTve 74 0 2
X7 =5 Ae e 82 0 — 6
A — pe~ e 177 1 yes 83
X7 > ne e 258 1 yes 107
=~ = Ae e 206 1 yes 56
=2 — Ye i 129 1 yes 9
=20 5 Ste 7, 126 1 yes 25
== - 2% 7, 7 0 — -
¥~ —33e~, 5 0 - =
=0 5 Y et 117 1 yes —
Q- — Ele— v, 357 1 yes 560
Q- > =2*0e—p, 142 1 yes -
Faozee5, /T tor

f=e Hy=+2| 47-107*

£=e, Ha=0 2.7-10*

f=e Ha=-2| 47-107*

£=p Hy=+2| 17-107°

£=p, Hy =0 9.9.10°

£—p, Hy — —2| 1.7-107°




Semileptonic Decays

for 1/2t — 1/27 transitions

(Ba|J) + J/'|B1) =

vV _ 2y _ Owd 2y, 2
Jy =vuf1(q) M, f2(q )+M1 3(¢°)
- 2y 10uwq” 2y, Qu

J, = ['wl(q ) M, g92(q")+ ;93

o=
4
V,A - V,A
(BlIYA B = FA(@a [Ty o
k=1 i
7
V,A - V,A
<BI|JX,A|B/> _ Fk (qZ) e [Faﬁu]k B
k=1

PRD 106 (2022) 093001
*PRD 109 (2024) 034028



Predictions for A — pe~v,: f1(0)

Quark models

® PRD25(1982)206
® PRD35(1987)934
® PRD51(1995)2262
® PRD78(2008)094005

———— PRD58(1998)094028, 1/N,. expansion

HByPT

—— PRD47(1993)4975
® PRD74(2006)014018

& JHEP10(2007)083
—o— PRD92(2015)074029

CBXPT

——— JHEP10(2007)083
—— PRD79(2009)094022

® JHEP06(2024)122, QCD sum rules
@ PRL92(2004)251803, SU(3)sym

0.925 0.950 0.975 1.000 1.025 1.050 1.075 1.100

£1(0)/£1(0)5Y®)

@ SU(3) symmetry: f1(0) = —+/3/2



Predictions for A — pe~v,: ¢1(0)

Quark models
: ® PRD35 1987;934

| o PRD51(1995)2262
o PRD78(2008)094005

1/N. expansion

 —er PRD58(1998)094028
—» PRD70(2004)114036

| F.D calculation, PRD76(2007)014006

-0 SU(3
C —le— SU(3) br.
—— SU(3)+SU(2) br.

f PRD90(2014)054502, CBxPT
—— | JHEP06(2024)122, QCD sum rules

sym.

° PLB686(2010)36, LQCD

° PDG2024, EXP*SU(3)sym

0.925 0.950 0.975 1.000 1025 L.050 L.075 1.100
91(0)/91(0)SV®

@ SU(3) symmetry: g1(0) = —(D + 3F)/v/6 = —0.730(12),
D and F parameters are reduced matrix elements of Wigner-Eckart theorem for SU(2)

@ Exper. result: g1(0)/f1(0) = 0.718(15) [PDG2024]



Status of V¢

CKM unitarity
(K decays)

(7 decays)

CT, A — pe 7,

CT, combination

02100 0.2125 0.2150 0.2175 0.2200 0.2225 0.2250 0.2275 0.2300
| Vas|



V,sDetermination

T B5 Mp® 3 2
B=12G2|v,,|? 60”’; (1= SB)(f1 +391) — 4Bg192 + - B°F2 + O(ﬂ3)]

where Fo = 3f2 + 3f1 fo + 2f22 + 6912 + 692 + 21g1 g2
with 8 = (Mj — Mp)/Mp ~ 0.159 for A — pl™

Two ways to extract Vys:

@ 2 = Vulf? [(1- 91 +362) + 36273

2
Jav

© -~ ~|Vusl?9? [(1 - 38) (2 +3)+§ﬁ2§_§]

@ Experiment: {B, TA, gav, Ma p} and Theory: {f1 or g1}
© Experiment: {B, 75, My ,} and Theory: {fi, g1 = gav}



Status of V¢

CKM unitarity
(K decays)

(1 decays)

CT, A — pe 7,
CT, combination

CT, gar

CT update

LQCD
91 s Jav’

02100 02125 0.2150 0.2175 0.2200 0.2225 0.2250 0.2275 0.2300
|Vaus|



Weak radiative decays

BF
=0 - Axy 1.2 x 107°
=0 5 Aete™ 7.6x 1076
=0 5 X0y 3x 1073
=T 5 Xy 1.3 x 1074
¥t - py 1.0 x 1073

>t s putp~  1.1x107% LHCb, 2504.06096 [hep-ex]

B(Xt = putp~) = (1.094+0.17) x 1075,

LQCD 2504.07727 [hep-lat]




Non leptonic decays

Mass c¢r decay
A(uds) 1116 7.9 pr—  64%
nm’®  36%
Yt (uus) 1.189 2.4 pn®  52%
nrt  48%
Y7 (dds) 1.197 44 nm— 100%
=O(uss) 1.315 8.7 AxnY 100%
= (dss) 1.321 5.1 An~ 100%
N~ (sss) 1.672 2.5 AK~ 68%
20— 24%
=70 9%




Direct CP violation in K°decays

(DK® >t~

K> gt Ap
KO 5>t~ A

|~7(1|2 AL

(1D K° - n°xn°

Two weak transitions needed
IAI| = % and |AI| =2

= Ag exp(i& + i0g) + A, exp(i&, + i0;)
= A exp(—ifo + 10g) + A> exp( & + 107)

Exp. avg PDG

Re(e’/€) = (16.6 £2.3) - 107
le| = (2.228 £ 0.011) x

+ [(Ay?

1
3.7(5)x1076 ~ (&5 — &,) sin47.7° —

\“ (1), = o,zl

~ (&0 — &2) sin(dp — 52)—

O

22
—&,) ~ 10 *rad
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€' in SM and BSM

Re(e’/€) = (16.6 £2.3) - 10~* Exp.avgPDG

(21.7 £ 8.2) x 10~* Lattice QCD PRD 102 (2020) 054509
(9.4 + 3.5) x 10~* NNLO QCD EPJC 80 (2020)1
(14 +5) x 10~* EFT RPP 81 (2018) 076201, JHEP 02 (2020) 032

u,g,t

d — > — S
V:/H'L._FHI-/I’/

gv,Z
q > > q

BSM
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Hyperon decays

A(dsu) AN - pr7) } ~
/ ! \ - +Po-
5 (dss) (5 ) Soy o-nh

Transitions:
P (parity even) final state in p-wave
S (parity odd) final state in s-wave

Measurable: I' and
two decay parameters:

_ 2 Re(S*P)
ISP+ PP
weak CP-odd phases 2Im(S* P)

S = |S| exp(ifs)xp(i6 ) ——
P = |P| exp(i&p)) exp(icsp‘)ﬂ‘_ong phase: B=1+/1-a%siné

interaction of final
particles v=1/1— o2 cos b

a

. 3 . 21
Neglecting |Al| = > transitions



Hyperon decay parameters

P A %=4—n(1+aAﬁ13A)

A rest frame & ? i

- 4 A

A->pn\ T < g i ,r?'f
p=100 MeV/c -"P..\o‘/ B
A
ap=0.750(10) .n‘/ ‘..E - Am, A - pt

a==-0.392(8) ® .

=-0.113(61 = X v
da (61) Pp_(a+PAc059)z+5PAX+7PAY

$==-0.042(16) B 1 + aPyp cos@
Accesible if daughter baryon polarization 3
measured eg in decay sequence: A A p
E->AmnA - pr O-M — aﬂ:li’ O-/«t
u'=0

= = = tan(d) — 65)



a, 3,y measurements for A - prt~

Oliver Overseth
James Cronin 1928-2008

1931-2016

PHYSICAL REVIEW

VOLUME

129, NUMBER ¢4 15 FEBRUARY 1963

Measurement of the Decay Parameters of the A° Particle*

JamEs W. CrRONIN AND OLIVER E. OVERSETHT
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey
(Received 26 September 1962)

The decay parameters of A° — 7~ +p have been measured by observing the polarization of the decay
protons by scattering in a carbon-plate spark chamber. The experimental procedure is discussed in some
detail. A total of 1156 decays with useful proton scatters was obtained. The results are expressed in terms
of polarization parameters, «, 8, and vy given below:

a=2 Resp*/(|s|2+]|p|?) = +0.6240.07,
B=2TImsp*/(|s|>+p[?)=+0.18+0.24,
v=[s[?=[p*/(Is]*+]p|%)=+0.78+0.06,
where s and p are the s- and p-wave decay amplitudes in an effective Hamiltonian s+p@-p/|p|, where p is
the momentum of the decay proton in the center-of-mass system of the A°, and @ is the Pauli spin operator.
The helicity of the decay proton is positive. The ratio |p|/|s| is 0.36_0.0s"-% which supports the conclusion

that the KAN parity is odd. The result 3=0.1840.24 is consistent with the value 3=0.08 expected on the
basis of time-reversal invariance.
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nature LETTERS
phy SICS https://doi.org/10.1038/541567-019-0494-8

Polarization and entanglement in baryon-
antibaryon pair production in electron-positron

annihilation
The BESIII Collaboration* Nature Phys 15 (2019) 631

BGS]]I Phys.Rev.Lett. 129 (2022) 131801

efe” > J/YPp -oEET
Probing CP symmetry and weak phases with entangled

double-strange baryons ,J V
D
The BESIII Collaboration o As
Nature 606, 64-69 (2022) gy .
m+ < EF
o A

Methods:

Faldt, AK PLB 772,16

Perotti, Faldt, AK, Leupold, Song PRD99,056008

Adlarson, AK PRD 100, 114005

Salone,Adlarson,Batozskaya, AK,Leupold,Tandean PRD 105, 116022 24
Batozskaya, AK, Salone,Wiechnik PRD 108, 016011



Decay parameters

I I ] l| I 1 ) L 1 I Ll Ll l| T I Ll L] 1 1
———~ BESIII 1.3 billion J/y(AR) ‘
~— CLAS19
BESIII 1.3 billion JAy(E ="
“z222 BESIII 10 billion J/y(AR)

Ay learization

|
|
|
|
| |
| PDG 2021 —»|
|
|
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«—— PDG2018 |

|

|

l
0.6 0.

news & views

PARTICLE PHYSICS

Anomalous asymmetry

A measurement based on quantum entanglement of the parameter describing the asymmetry of the A hyperon

decay is inconsistent with the current world average. This shows that relying on previous measurements can
be hazardous.

Ulrik Egede
25



CPV tests in hyperon decays
=T > A

|S| exg(—is|+ ids)

P = |P| exp(i&p|+ i8p) P = —|P] exp|(—i§p +i6p)

3
Oé"’(} and Bcp — '8_’_{_
o=y a— a
v1—ao? .
Acp = — - sin ¢ tan(ép — &£s)

—tan(ép — ds) tan(&p — £s)
Bep = tan(fp - gS) 3

= _cos ptan(Ep — E€s)

Drp =
CP /—1 — o2

IAI| = % limit

26



- > pm m *C.C

HyperCP measurements
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Hyperon CPV in SM and BSM

weak P-S phase difference

$p—Ss

&p—4&3
(nA>A2) [1074 rad] [10~2 rad]
SM ref *

Exp

o Cl,

BSM ref **

A—-pr~ 02+16 03+22 471+94
= > An7 -144+12-194+16 1.2+3.5

1.11+22041+038
—0.5+1.004+0.7

* Tandean,Valencia PRD67 (2003) 056001
** Tandean Phys.Rev.D 69 (2004) 076008

€p—&s)Bsm =

Cs
Ba

(

6/

€

)BSM

05<Bg<2and 02 < || <1

Kaon bounds for CPV in hyperon decay&?
assuming chromomagnetic penguin




Hyperon weak phases

0.04F ' | /T BESIII projection

).02}

A (8p — 65) |

theory 00 /‘ HyperCP
s 12108 &~ 4.1x107E*
&
< -0.02} |

~0.04} /’./‘ BESIII

BESIT Nature 606 (2022) 64

~0.06}__. . . . —tl +BES22A
~004 002 000 002 004
e 7.3%10* £~ E* and 3.2x106 AR
—3.8x107* < (&p — EOM < —0.4x10~* ' = 8 ands
—24x107* < (ép — &M < —2.0x107* 2

HyperCP PRL 93 (2004) 262001



Baryon-meson interactions

CPV in hadronic baryon decays:

* (V-A) transition

* CPV phases derived from CKM or BSM
» Strong final state interactions

Hyperon decays:
AZ - N (S=0 1=1/2,3/2)
5> A (S=-1,1=1)
Q- AK",Emr (S=-2,1=1/2,3/2)
Charmed baryons:
Ay, B, o pK mt (S=-1,1=0,1)

30



. + i + .
Nm scattering Otot, Otot the m~p total cross sections,

Ref", Ref : the real part of the elastic forward
scattering amplitude,
o, 0m: m¥p inelastic cross sections,
do do d (0)
19 49’ aa n~ p and charge exchange elastic differential
. cross sections (unpolarized targets),
PR, P(O): polarization of the recoil proton in nip elastic
scattering and of the recoil neutron in charge
exchange (unpolarized targets) and

A", A", A). rotation parameters in ﬂip and charge
R R(O) exchange scattering

Phase Shift analysis

TABLE III. Values of the N-7 scattering phase shifts 6Z; relevant for A and ¥ decays from [56].

q I H of 0%
[MeV/c] [°] [°] ] [°]
A— N7 103 6.52(9) —4.60(7) —0.79(8) —0.75(4)
Y — N 190 9.98(23) —10.70(13) —0.04(33) —3.27(15)

31



IN DEGREES

PHASE SHIFT
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N7 scattering
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Determination from polarization rotation angle in = - An

VALUE (°) EVTS DOCUMENT ID
—1.2+1.0 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below.
0.63 +1.09 +0.52 73k 1 ABLIKIM
—2.39 4+0.64 +0.64 144M 2 HUANG
—1.61 £2.66 +0.37 1.35M 3 CHAKRAVORTY
5+10 11k ASTON
14.7 +16.0 21k 4 BENSINGER
11+9 4303 BALTAY
5+16 2436 COOL
—14 +11 2781 DAUBER
0+12 1004 S BERGE
A1 — 42
P _ isinqb tan(87-; — 67-1)
(04 a

2022AD

2004

2003

1985B

1985

1974

1974

1969

1966

TECN

BES3

HYCP

E756

LASS

MPS

HBC

OSPK

HBC

HBC



Am scattering

O T T T 7] % Ar’® Phase Shifts

- \Ir NK st 3K
~10F e

7 I

£ 20f .
b i

[9)

=,

vom i

é _30 r A

: : _ L
T

_50 i L iy L iy 1 L 1 1 1 o L | . | | | | | | | |
1.4 1.6 1.8 -20 1275 1300 1325 1350 1375 1400 1425 1450 1475 1500

Vs (GeV) Exm(MeV)

Tandean, Thomas, Valencia PRD64(2001)014005 Meissner,Oller PRD64 (2001) 014006



https://arxiv.org/search/hep-ph?searchtype=author&query=Tandean,+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Thomas,+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Valencia,+G

m~p » An~K*tat HADES

Proposed measurement at HADES
« M(Am~) = Mxis covered
« Extraction of Am~ s-wave phase shift
using PWA/Omnes function?
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pK ™~ scattering

M. Matveev et al.: Hyperon I: Partial wave amplitudes for K ~p scattering

Im(KN — mtA), |=1
z1/2"

0.1F

0.05f

-0.05F ||}

0.1

0.05F

-0.051

[
> 7/2 1600 1800 2000 1600 1800 2000 1600 1800 2000 1600 1800 2000
9 W, MeV W, MeV W, MeV W, MeV
e
150 K p->Kp 0 K p—»Kn
1 1 1 ) 1 1 L
1600 1800 2000 1600 1800 2000
W, MeV W, MeV

K poIn* 80 ‘ K poZta~

o[mb]

%0 100 150 200 250 300 %0 100 150 200 250 300
Prap[MeV] Prap[MeV]

https://www.sciencedirect.com/science/article/
pii/S0370269319300413



O~ - AK™

[==:AK~ o =
2 & an

o 21827 2i/Eei(9=r+IAK)
= | 2i\/zei0=x+IAK) o207 K
n=1-—2¢

B _ tan(dgx — 0hx) +A Acp = — tan(6,c — 65;) sin(¢D — €§) + A7
a 1+ tan(0R, — 04%)A Bop = —sin(€R — €F) + tan(6%, — 655 )A’
p= d=
A =\EpP— —\EDF
PA d

= d=‘
A = \/Ep% sin(¢ — ¢£) + \/GDi sin(é2 — €4)
A



AK ™ scattering
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Summary

Opportunities for FAIR experiments:

Complementary measurements to LHCb: exclusive measurements, electrons

Synergy with LQCD - form factors: transitions to ground state vs excited

states

CPV in baryon hadronic decays require PWA methods beyond BW isobar
model and understanding of baryon-meson interactions

Proton polarimetry?

arXiv:2501.02439 [hep-ph]



