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Light baryons
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Transition Form Factors

q* = (p1 —p2)* <0

< 1 74
104

0 : 2 2
', =—ie|F + F
2 ” ie | F1(¢") vu 2(q )MA+M§;



EM Transition Form Factors
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EM Transition Form Factors
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Radiative Decays B’ —» By

BF

¥*0 5 Ay 1:2 X:107*
¥ 5 Bty 7 x 1073
Dty ity 7 %1073
=By <2x1074
=* — By < 4 x 1072




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

1

Ve+p—oe +ATT
At " spt+et+v, (O -E4+e +7,)

10



Hyperon semi-leptonic decays

Process AM AS p-mode BF(e-mode)
[MeV] x10~°

1 3T o AetTre 74 0 — 2
2 X7 > Ae i 82 0 - 6
3 A —pe e i 7 1 yes 83
X7 o ne e 258 1 yes 107

4 Z7 — Ae v, 206 1 yes 56
= = 30, 129 1 yes 9

=20 5 Ste i, 126 1 yes 25

== 5 Z0% 1, 7 & 0 - -

B = X% i 5) 0 — -

for 1/2t — 1/27 transitions

(

By|J) + J[|B1) =

v -
J, =

Yud1 (q2) -

10 g’ q
Jy =vufi1(a%) - “—f2(q2)+—“

M,
109"
M,

92(q° )+M1

f3(¢®)

3(¢%) | 5



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]



- ok 1] & "JETMC
- e || = HPDG
| - Iy - | JSum
| i 1) " rule (2024)
= - ¥ PT(2009)
. . ; _Cabbibmodel
0.00 0.95 1.00 0.70  0.75 1 5~ (2003)
flfve gi/f1 f2/f1
| = | 4 | - ] J{ETMC
- | = H ] = | | Exp. PDG
| = - [ —— - | = L Sum Rule (2024)
75 8.0 8512 1.4 1.6 5 6
I'pe 5, —4 Ipu+p, 4 I'pe+s,
it [10 ] it [10 ] FPH*%

ETMC C.Alexandrou, S.Bacchio et al. (2025)



Determination of V,

o B2 Mp®
6073

TA
h

B=TAG2|Vas (1= 28)(f2 +302) — 4Bg102 + %525 +0(8%)

where Fp = 3f2 + 3f1f2 + 2f2% + 6912 + 692 + 219192
with 8 = (Mj — Mp)/Mp ~ 0.159 for A — pl~

Two ways to extract Vys:

O 2 = Vul?f? (- §8)1+342) + 3623

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



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|



Status of V¢

J1 f2 f3
1.2028(64) 0.878(20) 1.662(25)
(rE,) (rE,) (TE,)
4.99(39) 14.3(16) 11.22(38)
g1 g2 g3
0.8329(70) -0.062(29) -5.26(14)
(r&, ) (r&, ) (ré,)
5.17(62)  7(43) 22.2(15)
This Work| | - 1L | -
(LQCD my, my) | '
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Koo = b
Kl . - Hr .
O.|22 O.|23 O.9|98 1.000 1.0|02

LQCD ETMC(2025) [Vas|

\/lvudl2 + |Vus|2 + |Vub|2

Cabibbo
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Hyperon semi-leptonic decays

Process AM AS p-mode BF(e-mode)
[MeV] x10~°
1 3T 5 AetTre 74 0 — 2
2 X7 = Ae i 82 0 - 6
3 A —pe e 7 1 yes 83
X7 o ne e 258 1 yes 107
4 Z7 = Ae v, 206 1 yes 56
2 — X0 v, 129 1  yes 9
20 5 Bte 7, 126 1  yes 25
E- = E% 7 7 0 - -
5 = X% i 5 0 - -
O X —opmTe e 120 1 yes -
6 Z0 o Ante i, 64 1 - =
Q- = =, 357 1 yes 560
7 Q- = E*0ep, 142 1  yes ~
Faoozei5, /Tator

£=e Ha=+2| 47-107%

£=e Ha=0 2.7-10~*

f=e Ha= -2 4.7-1074

=y, Hy=+2| 1.7-107°

£=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



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]




Summary

Soon results on A — plv;: BESIII, LHCb and LQCD ETMC

Opportunities for FAIR (CBM):

 Complementary to LHCb: exclusive measurements, electrons

* Synergy with LQCD - form factors: transitions to ground state vs excited
states
* Precision physics



