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Weak vector and axial vectors  

Semi-leptonic hyperon decays

Weak transitions for spin-½ baryons, has vector (𝑽) and axial-vector currents (𝑨)

𝐵1 → 𝐵2 𝑙 ҧ𝜈𝑙

ℳ Λ → 𝑝 𝑙 ҧ𝜈𝑙 =
𝐺𝐹

2
𝑉𝑢𝑠 Λ|𝐽𝛼|𝐵1 𝐿α

𝐽𝛼 = V𝛼 − A𝛼

Axial vector from neutrino-nucleon

scattering – low cross-sec

Vector determined from 

lepton-nucleon scattering

Semi-leptonic decays can be used to measure axial vector contributions!
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Semi-leptonic decays

Semi-leptonic hyperon decays

Weak transitions for spin-½ baryons, has vector (𝑉) and axial-vector currents (𝐴)

𝐵1 → 𝐵2 𝑙 ҧ𝜈𝑙

𝐵2|𝑉𝛼|𝐵1 = 𝑉𝐶𝐾𝑀 ത𝑢𝐵2
(𝑝2) 𝑓1 𝑞

2 𝛾𝛼 +
𝑓2 𝑞

2

𝑀1

𝜎𝛼𝛽𝑞
𝛽 +

𝑓3 𝑞
2

𝑀1

𝑞𝛼 𝑢𝐵1
(𝑝1)

𝐵2|𝐴𝛼|𝐵1 = 𝑉𝐶𝐾𝑀 ത𝑢𝐵2
(𝑝2) 𝑔1 𝑞

2 𝛾𝛼 +
𝑔2 𝑞

2

𝑀1

𝜎𝛼𝛽𝑞
𝛽 +

𝑔3 𝑞
2

𝑀1

𝑞𝛼 𝛾5𝑢𝐵1
(𝑝1)

𝑞 four-momentum transfer 

PRD 70, 114036 (2004)

f1 - vector

g1 - axial vector

f2 – weak magn ff

g2 – electric ff

f3 – induced sc

g3 – induced psc

The transition form factors are 𝒒2 -dependent and range close to 0 
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low q2  gives access to weak charge radii

V. Batozskaya

Krakow Workshop 25

q2 low 0 – ~0.04 GeV2 – access to weak charge radii

This also serves the neutrino physics community, as MC needs input on the differential cross section

to reconstruct the energy of the neutrino from the momentum of the detected charged lepton

Slide from

S. Bacchio

https://indico.cern.ch/event/1503585/contributions/6360440/attachments/3028292/5345319/Bacchio%20-%20Semileptonic%20decays%20-%20Krakow.pdf
https://indico.cern.ch/event/1503585/contributions/6360440/attachments/3028292/5345319/Bacchio%20-%20Semileptonic%20decays%20-%20Krakow.pdf
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Semi-leptonic decays

V. Batozskaya

Krakow Workshop 25

Many different decays

Our focus for this call will

be mainly on Λ → 𝑝 and Ξ → Λ

(For CBM@GSI also Σ → Λ)
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SU(3) breaking effects

If SU(3) is exact, then different hyperon sl-decays are related to reduced Form Factors and Clebsch-G. coefficients

V. Batozskaya

Krakow Workshop 25

SU(3) symmetry breaking occurs, but these are interrelated, which means many independent hyperon sl 

measurements can be used to constrain Vus

For semi-leptonics w. electrons f3 and g3 are neglected

 

f1,SU(3) = - 3/2 g1(0) =−(D+ 3F)/√6 =−0.730(12)

https://indico.cern.ch/event/1503585/contributions/6360439/attachments/3028274/5345284/KrakowWorkshop2025-1.pdf
https://indico.cern.ch/event/1503585/contributions/6360439/attachments/3028274/5345284/KrakowWorkshop2025-1.pdf
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BF, FFs, Vus and all that jazz

90s NA48 KTeV

No Λ → 𝑝 form factor measurements since the 90s. Latest by NA48 and KTeV for Ξ0 → Σ+

Little theoretical progress since 2005

Our proposal: a synergy  between LatticeQCD, experiment and theory

CBM and LHCb CBM and LQCDCBM and LQCD

Comment: This was one of the branches that evolved from PrecisionSM of STRONG 2020

https://inspirehep.net/literature/301241
https://inspirehep.net/literature/1207262
https://inspirehep.net/literature/556399
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What we want to do

With more precise determination of transition form factors, more precise Vus determination

1) Experimentally determine BF (LHCb). 

2) Feasibility studies (CBM) BF and f1/g1 f2/f1. 

3)    Determine the BF, form factor ratios with LQCD

4)    Theory developments (Dyson-Schwinger, quark models, or dispersion theories)
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CBM + LHCb

p

Λ → 𝑝 𝜇 ҧ𝜈𝜇 Ξ → Λ 𝜇 ҧ𝜈𝜇

Run 3 data (ends mid-2026)

Analysis from Run 2 will be out very soon

Rel BF tot unc (Λ → 𝑝 ) ~3% (now 21%)

Also: Lepton Universality Test as bonus 

Λ → 𝑝 𝑙 ҧ𝜈𝑙 Ξ → Λ 𝑙 ҧ𝜈𝑙

FAIR: 30 GeV/c @ 10 MHz Interactions, i.e

  40 b about 105 sl decays/day expected

Semileptonic complemented by Dalitz Decays (transition ff)

Semileptonic unexplored, feasibility studies + pheno needed

Σ± → Λ 𝑙± ҧ𝜈𝑙

https://link.springer.com/article/10.1007/JHEP05(2019)048


10

Lattice QCD Work in Progress

Work in Lattice QCD is already in progress. Analysis led by Constantia Alexandrou and Simone Bacchio

Based on one state-of-the-art ab initio lattice QCD simulation using physical quark masses, with all necessary 

quantities needed in LQCD

No SU(3) symmetry assumptions and no form factors set to zero (as in the Cabibbo model)

Results are at a single lattice spacing, but ratios of form factors are expected to be stable.
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Vus

With Lattice and new data, input form factors extract Vus

Current precision of Vus from mesons, tensions with unitarity and 𝜏 
decay extractions of Vus

Hyperon Vus: stalemate as exp and theory come with large 

uncertainties

Preliminary work LQCD
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Budget for 4 years

In LoI, we wrote 400 kEUR – now downscaled

Two experimental 2 Ph.D. students and common workshops

1. One Ph.D. student (CBM):       80 kEUR

Feasibility studies are needed for semileptonic decay for CBM. 

Based in Poland

Deliverable: feasibility studies and extraction of form factors

2. One Ph.D. student (LHCb), Λ → 𝑝 𝜇 ҧ𝜈𝜇 BF~3% total uncertainty   100 kEUR

Based in Poland but with research visits to Universidade da Coruña, Uppsala University

Deliverable: Publication in OA journal on Run 3 data

3. Four workshops (4 x 15 kEUR) (ECT*)         60 kEUR

Common meetings between theory, phenomenology, experiment and LatticeQCD

         SUM 240 kEUR
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Thank you for your attention

1) Experimentally determine BF (LHCb).     100kEUR

2) Feasibility studies (CBM) and determination BF and f1/g1 f2/f1.  80 kEUR

3)    Determine the BF, form factor ratios with LQCD   60 kEUR

4)    Theory and phenomenology developments 
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Spare Slides
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Weak Transition Form Factors

Semi-leptonic hyperon decays

Weak transitions for spin-½ baryons, has vector (𝑉) and axial-vector currents (𝐴)

𝐵1 → 𝐵2 𝑙 ҧ𝜈𝑙

𝐵2|𝑉𝛼|𝐵1 = 𝑉𝐶𝐾𝑀 ത𝑢𝐵2
(𝑝2) 𝑓1 𝑞

2 𝛾𝛼 +
𝑓2 𝑞

2

𝑀1

𝜎𝛼𝛽𝑞
𝛽 +

𝑓3 𝑞
2

𝑀1

𝑞𝛼 𝑢𝐵1
(𝑝1)

𝐵2|𝐴𝛼|𝐵1 = 𝑉𝐶𝐾𝑀 ത𝑢𝐵2
(𝑝2) 𝑔1 𝑞

2 𝛾𝛼 +
𝑔2 𝑞

2

𝑀1

𝜎𝛼𝛽𝑞
𝛽 +

𝑔3 𝑞
2

𝑀1

𝑞𝛼 𝛾5𝑢𝐵1
(𝑝1)

𝑞 four-momentum transfer 

PRD 70, 114036 (2004)

f1 - vector

g1 - axial vector

f2 – weak magn ff

g2 – electricity ff

f3 – induced sc

g3 – induced psc

Transition depends on six q2 dependent form factors, 3 vector and 3 axial vector
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Semi-leptonic decays

V. Batozskaya

Krakow Workshop 25
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Motivation- LU tests 

PRL 114, 161802 (2015) 

Potential for |Vus | determination and test of BSM searches from determination

of Wilson coefficients 𝜀𝑆 and 𝜀𝑇

Nice example where precision experiments combine with direct searches in 

collider experiments, CMS

  

at 90% CL from SLWD 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
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Nonstandard Semileptonic Hyperon Decays 

Potential for precise constraint on BSM from Semi-leptonic hyperon decays
PRL 114, 161802 (2015) 

Beyond the SM, the most general effective Lagrangian*

Assuming NP above electroweak symmetry breaking scale 246 GeV

one is left with Wilson Coefficients, ε assuming real since CP-even

* Neglecting O(ε2), only SM field relevant at μ=1 GeV, demanding operators color and EM singlets

Δ and δ mass dep. terms, vector FF: f1(q
2~0) - f3(0) axial vector FF f1(0) - g3(0)

In electron mode f3 and g3 scale with me/mΛ
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• Proton beam 𝑝𝑚𝑎𝑥=30 GeV/c

• Beam intensity up to 1013𝑝/𝑠

• PID:  e//K/p

• ∆p/p < 2% (p > 1 GeV/c, 1 Tm field)

• Vertex resolution ~ 50 m (MVD)

• nearly dead-time free data-taking

• highly selective data reduction

PID (TOF) hadrons
e/



20/49Electromagnetic and Weak (semileptonic)  transistions

JP =3/2+

JP =1/2+

𝒆+𝝂
16 events

𝒆−ഥ𝝂

Hyperon beam at SPS

Z.Phys.C 21 (1983) 1
Fermilab hyperon beam

Phys.Rev.D 41 (1990)780

SU(3) related to

𝜈𝑛 → Δ𝑒
and vector form factor to  

Σ∗ → Λ𝑒+𝑒−

FAIR: 30 GeV/c @ 10 MHz Interactions , i.e   40 b and BR=10-4 about 105 decays/day expected

exclusive reconstruction : e.g: pp→𝑝𝐾+𝐾+Ξ−(→ Λ𝑒− ҧ𝜈 ) , pp→𝑝𝐾+ (→ 𝑝𝑒− ҧ𝜈 ) 

• Semileptonic decays and Dalitz have similar BR ~O(10-4 -10−5)

• PDG for Λ and Ξ semileptonic decays entries based on 1-2 experiments with hyperon beams
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IP (p*/* 𝐾+)


p

𝜋−

Dalitz (electromagnetic transition form-factors) 



p

𝜋−-

Semileptonic (vector and axial form-factors)

IP (𝑝𝐾+𝐾+ )

W

ҧ𝜈



𝜋−

IP (𝑝𝐾+𝐾+) -

p

beam

Polarization of the incoming () baryon can be measured

Polarization of the outgoing () baryon can be measured

𝑑 = 𝛾𝑐𝜏

𝑑 = 𝛾𝑐𝜏

• Transition form factors of baryons (vector):                          Dalitz

decays e.g Λ∗/Σ∗ → Λ /Σ 𝑙+𝑙−

• Semileptonic weak transistions in 1/2 +  octet:   Vector ( 𝑓1, 𝑓2 ) and 

Axial Vector (𝑔1) form factors

• Feasibility studies : exclusive reconstruction:

Vertex separation (IP-SD), e/,  correlated background (Λ 𝜋0, . . ), offline 

trigger

SD

SD
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Performance plots:  Dalitz Decay of  𝑝𝐾+Λ∗(1520)(→ Λ 𝑒+𝑒−)
Acceptance, resolutions

Large acceptance, very good mass resolutions- as a starting point to more challenging semileptonic decays

Feasibility studies are needed for semileptonic decay for CBM. Besides experimental aspects, important is the 

development of methods to extract g1/f1 , f1/f2 from data requires methods to be developed by Uppsala



23

Lattice QCD all plots
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Lattice QCD all plots
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