
Λb →Λ(*) form factors 
Stefan Meinel, Carla Marin

 IPPP Workshop “Beyond the Flavour Anomalies II”, 20-22 April 2021



Why baryons?
● Large production at the LHC

○ higher production than Bs

● Rich phenomenology due to initial and final 
state spins

○ sΛb = 1/2
○ sΛ = 1/2
○ sΛ1520 = 3/2
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PRD100(2019)031102 (13 TeV)

~250k Λb → pK J/ψ 
events Run 1+2

LHCb-PAPER-2019-014

Blake, Meinel & van Dyk

http://arxiv.org/abs/1902.06794
http://arxiv.org/abs/1904.03947
https://arxiv.org/abs/1912.05811


Experiment
Won’t give experimental details, will focus on observables, results and 
limitations from FF (lack of) knowledge.

What’s been done so far:

● Λb → Λμ+μ-: differential BR and angular observables [LHCb-2011, LHCb-R1, 
LHCb-R12016]

● Λb → Λγ: observation and BR [LHCb-2016]

● Λb → pK/π μ+μ-: observation, CP search and LU (RpK) [LHCb-R1-pK, -pπ , LHCb-R12016]

Updates and new measurements ongoing
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http://arxiv.org/abs/1306.2577
http://arxiv.org/abs/1503.07138
http://arxiv.org/abs/1808.00264
http://arxiv.org/abs/1904.06697
http://arxiv.org/abs/1703.00256
http://arxiv.org/abs/1701.08705
http://arxiv.org/abs/1912.08139


● Most data at high q2, small excess wrt SM in this region
● Angular moments very compatible with SM

○ K11-34 ∝  PΛb ≈ 0

Λb → Λµ+µ-
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Detmold & Meinel

15 < q2 < 20 GeV2/c4

LHCb-PAPER-2015-009

LHCb-PAPER-2018-029

https://arxiv.org/abs/1602.01399
http://arxiv.org/abs/1503.07138
http://arxiv.org/abs/1808.00264


Impact of FF uncertainties
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Detmold & MeinelLHCb-PAPER-2015-009

SM prediction from first lattice QCD 
calculations for Λb → Λ Detmold et al (2012)

Updated lattice QCD calculations in 2016

https://arxiv.org/abs/1602.01399
http://arxiv.org/abs/1503.07138
https://arxiv.org/pdf/1212.4827.pdf


Improving the measurements
Differential BR precision limited by systematic from normalisation mode.  Only 
f(b → Λb) x BR(Λb → Λ J/ψ) has been measured so far [Tevatron]

● LHCb paper: f(b → Λb) Tevatron+LEP → 
● Blake et al: f(b → Λb) Tevatron only →  
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http://arxiv.org/abs/1503.07138
https://arxiv.org/abs/1912.05811


Improving the measurements
Differential BR precision limited by systematic from normalisation mode.  Only 
f(b → Λb) x BR(Λb → Λ J/ψ) has been measured so far [Tevatron]

● LHCb paper: f(b → Λb) Tevatron+LEP → 
● Blake et al: f(b → Λb) Tevatron only →  

Next: measure BR(Λb → Λ J/ψ) at LHCb

● will be limited by knowledge of fΛb/fd ~ 7%
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https://arxiv.org/abs/1912.05811


Improving the measurements
Differential BR precision limited by systematic from normalisation mode.  Only 
f(b → Λb) x BR(Λb → Λ J/ψ) has been measured so far [Tevatron]

● LHCb paper: f(b → Λb) Tevatron+LEP → 
● Blake et al: f(b → Λb) Tevatron only →  

Next: measure BR(Λb → Λ J/ψ) at LHCb

● will be limited by knowledge of fΛb/fd ~ 7%

Next: measurements at low q2 w/ full LHCb Run 2

● higher sensitivity to NP in C9 8

http://arxiv.org/abs/1503.07138
https://arxiv.org/abs/1912.05811


● BR measurement: 21% stat uncertainty 
○ can reach ~10% with full Run 2

● Range of SM predictions: (0.6 - 10)x 10-6    
Wang et al., Gan et al., Gutsche et al.,Faustov&Galkin

○ SCET [Mannel&Wang] in good agreement: 7.7 x 10-6  
○ Lattice QCD: extrapolation to q2 = 0 available but 

not used in BR calculations so far, assuming no NP 
in C7 this measurement gives a cross-check 

Λb → Λγ
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2016

LHCb-PAPER-2019-010

https://arxiv.org/abs/0804.0648
https://arxiv.org/abs/1212.4671
https://arxiv.org/abs/1301.3737
https://arxiv.org/abs/1705.07741
https://arxiv.org/abs/1111.1849
http://arxiv.org/abs/1904.06697


● BR measurement: 21% stat uncertainty 
○ can reach ~10% with full Run 2

● Range of SM predictions: (0.6 - 10)x 10-6    
Wang et al., Gan et al., Gutsche et al.,Faustov&Galkin

○ SCET [Mannel&Wang] in good agreement: 7.7 x 10-6  
○ Lattice QCD: extrapolation to q2 = 0 available but 

not used in BR calculations so far, assuming no NP 
in C7 this measurement gives a cross-check 

● Photon polarisation independent of FF at LO
○ coming soon :)

Λb → Λγ
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2016

LHCb-PAPER-2019-010

https://arxiv.org/abs/0804.0648
https://arxiv.org/abs/1212.4671
https://arxiv.org/abs/1301.3737
https://arxiv.org/abs/1705.07741
https://arxiv.org/abs/1111.1849
http://arxiv.org/abs/1904.06697


Λb → pKl+l-

● RpK shows same trend as RK, K*:

● NP interpretation limited by unknown 
pK spectrum

○ individual FF from quark models 
[Mott&Roberts] and lattice QCD for Λ(1520) 
[Meinel&Rendon]

○ any way to compute expected interference 
effects from pheno?

● FF input relevant for BR and angular 
measurements
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LHCb-PAPER-2019-040

https://arxiv.org/abs/1108.6129
https://arxiv.org/abs/2009.09313
http://arxiv.org/abs/1912.08139


Λb → Λ(1520)l+l-

Focus on dominant Λ(1520) region

● RΛ(1520) could reach 10% (full Run 2)
○ with small contamination from other Λ*, 

how critical is this?
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LHCb-PAPER-2019-040

http://arxiv.org/abs/1912.08139


Λb → Λ(1520)l+l-

Focus on dominant Λ(1520) region

● RΛ(1520) could reach 10% (full Run 2)
○ with small contamination from other Λ*, 

how critical is this?

● BR and angular observables are 
sensitive no NP as well

○ but we need FF as input!
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FF from Mott&Roberts with 10% (30%) 
uncertainty on vector (tensor) FF

Descotes-Genon & 
Novoa-Brunet

https://arxiv.org/abs/1108.6129
http://arxiv.org/abs/1903.00448
http://arxiv.org/abs/1903.00448


Λb → Λ(1520)µ+µ-

Expected LHCb sensitivity at low q2: impact of FF uncertainties
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10% (30%) uncertainty on vector (tensor) FF 5% (30%) uncertainty on vector (tensor) FF

Amhis et al. Amhis et al.

http://arxiv.org/abs/2005.09602
http://arxiv.org/abs/2005.09602


Impact of FF
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Comparison of Mott&Roberts (QM) and Meinel&Rendon (Lattice QCD) FF:

Work by F. Volle 
Flavio#118

Significant discrepancy between LQCD and QM at high q2, larger than NP effect (small here)

https://arxiv.org/abs/1108.6129
https://arxiv.org/abs/2009.09313
https://github.com/flav-io/flavio/pull/118


Impact of FF
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Cannot extrapolate LQCD to low q2, SCET calculation desirable

Work by F. Volle 
Flavio#118

https://github.com/flav-io/flavio/pull/118


BACK-UP
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Theoretical framework
Full angular distribution from Descotes-Genon & Novoa-Brunet [DN] [null Λb 
polarisation]: 
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cos2θp 
dependency 
characteristic 
of s=3/2 state

http://arxiv.org/abs/1903.00448


Heavy quark limit
14 form factors enter decay rate: 8 vector/axial + 6 tensor, large uncertainties

Reduced in heavy quark limit: mb → ∞

● low-recoil limit [large q2]: HQET → 2 form factors, tensor ones vanish
● large-recoil limit [low q2]: SCET → 1 form factor, tensor ones vanish

Neglecting tensor form factors, angular expression largely simplified:
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Amhis et al.

http://arxiv.org/abs/2005.09602


Contamination from other Λ* states
Only s=½ states around Λ(1520):
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PRL115.072001

s = 1/2

Hadron distribution to disentangle them:

● s = 3/2: cos2θp terms
● s = 1/2: flat in θp (strong decay!)
● fit m(pK) simultaneously

*interference terms more complicated
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T. Blake @b2sll WS

https://indico.in2p3.fr/event/18646/contributions/74305/attachments/54828/72002/tblake_baryons.pdf


Angular observables vs moments
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15 < q2 < 20 GeV2/c4

Detmold & Meinel Detmold & Meinel

LHCb-PAPER-2018-029

https://arxiv.org/abs/1602.01399
https://arxiv.org/abs/1602.01399
http://arxiv.org/abs/1808.00264


Λb → Λ* FF from Mott & Roberts
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Λb → Λ* FF from Mott & Roberts
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