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Flavour Changing Neutral Currents (FCNCs)

e FCNCs like b — s€2 /sy transitions are loop-suppressed in the SM
e Sensitive to NP that could enter at tree-level
e Indirect search for NP that can test mass scales up to 100TeV
e Effective Hamiltonian by integrating out heavy degrees of freedom
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Hadronic uncertainties in meson decays
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Local tensions with the SM

differential BF

Angular observables

s

dB(B’— ¢uw)/dg? (108 GeV?)

Pl

18— i " :
16 CMS toms  +tHee 4 097 2 B | VD
142_ Preliminary DLCSR LQcD _E :|> 0.4 = : E:g li]i 0.4
120  [Flavio EOS 3 ﬁ j ® LHCb 'i4c
10F- HEPfit 3 <:‘g_0.3— s 1 e wuichzt (0.3
af I 4 T oo- B
6: NEW. E % 0.2 BE il Eb}_' 0.2
m i B =
L == FELE 5011 B K a o) : -0.1
: '—3—; —= 0 F ; —
N ) By = ¢utp] ] 0.0 ; 'u_l',t . . ~0.0
O g 10 iz 4 16 18 0 5 19 - 20
g2 (GeV?) ¢*[GeV l _
[arX|v 2512 18053] . arXiv:2512.18053]
1 I 1 J g —— T
LHCb84fb1 1 < 05RO ¥, F _
[T SM from ABCDMN:2024 ] L IB > K uu 1 2 B
0.5 BZ SM from EOS (GRVDV:2022) — O =
- — LHCb84 fb': H 1] =S = . i
of L aMsia0n RS wishl; Newish! |
C 05 g0 ]
i B” — K u*u O = A
i ; LHCb 8.4 fb
-0.51 = 4
C %l—lih ,_EE:F;?‘ I [T SM from FLAVIO (BSZ:2015) |
1: : i B2 SM from EOS (GRvDV:2022)
= T L L _ g | I " PR T R S NS
0 5 0 s -0 S 10 T
¢* [GeV/ct] ¢ [GeVY/cH
e tensions most simply dissolved with shift in Wilson coefficient C9

[CMS-PAS-BPH-23-00]
. 138 o' (13 TeV)

[PRD 107 (2023) 119903]

*non-exhaustive selection of

results
10 [arX|v 2512. 18053]
% [ Newish! LHCbsaf ]
@) 0-15_— [I7] SM from FLAVIO (BSZ:2015) ]
S l EZZ] sSM from EOS (GRvDV:2022) |
<5 oif B® = K “u*u] ]
]
0.05[- b o PR
C = Q =
i S = i
o 10 5
q* [GeV¥ 4
e Consistent offset across
many channels in differential
BF and angular observables
e Seen by multiple
experiments (LHCb, CMS,
Belle, ...)
e for B—P2L and B—VeeL

decays

Same offset for £=p,e as
confirmed by LFU tests
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Why looking at baryon FCNCs?

e Complementary sensitivity to NP contributions

e More angular observables, different spin structures
o 1/2°-1/2% (e.g. A,—Nup, Zb—Zpy), 1/2°—-3/2" (e.g. A,—N(1520)pp), 1/2*—3/2* (e.g. Q —Qu})
e Access to new observables — polarisation

e Different hadronic environment — cross-check/complement hadronic
uncertainties from (non-)local form factors (e.g. via dispersive bounds)
e Experimentally different from mesonic decays (different backgrounds, event

reconstruction)



Theoretical challenges
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e |CSR estimates are harder than for mesons [Wang et al. 0804.0648, 0907.4008,

1511.09036; Huang et al. 2412.06515; Mahmoudi, Mishra 2601.02302]
e Lattice calculation (high g?) [Meinel et al. 2009.09313, 1602.01399, 2107.13140]

e Other modes? Recently = — = [Farrell, Meinel 2603.18438]

e Extrapolation to low-g? using analyticity and unitarity [Blake, Meinel, Rahimi,
van Dyk 2205.06041; Amhis, Bordone, Reboud 2208.08937]



Dispersive bound

= Relate hadronic and partonic calculation of the inclusive e*e"— sb rate

e Partonic calculation (OPE or Iattice) [Bharucha, Feldmann, Wick 1004.3249]
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Dispersively bounded form factor analyses

e Mesonic b — s£2 [Gubernari, MR, van Dyk, Virto 2305.06301]
o global B — K, B — K*, B_ — ¢ analysis with EOS
o mild impact from the bounds due to precise inputs

° /\b — A\ [Blake, Meinel et a/ 2205.06041]

o Visible reduction of the uncertainties thanks to bound ABR 2022 N=1 EOS v1.0.4

B ABR 2022 N=2
I MR 2019

w/o the bound: w the bound: f1(¢° =0)|,_, =0.190£0.043,
f1(¢® = 0)| y_s = 0.173 £ 0.053,

L2
¢* = 0)|,,, = 0.166 & 0.072
Ji( i f1(¢* =0)|y_, =0.166 £ 0.049.

° /\IO — A(1520) [Amhis, Bordone, MR 2208.08937]

o Analysis impossible without the bound! N, — N(1520)
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Finite width effects

e Most baryons are not narrow
e Generalize the matrix elements

(p(k1) K (k2)|OF |Ab(q + k) = Fi(q*, mp ., cos 0k)S,,

e Partial-wave expansion

Fi(q°, mgK, cosfy) = Z V20 + lFi(l)(qz,mf,K)Pg(cosﬂg)
=0

e Parametrization?

o Double z expansion?

o Omnes + z expansion [Gustafson et al
2311.00864, Herren et al 2502.20960]

o K-Matrix?
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Experimental challenges
A) QDO Sy~ 18%

e Low production fractions 20 Q00 fp~15-2%
e Strange baryons decay via (chain of) weak 2, Q00 fo,~15%
decays — Displaced decay topologies Q, QD0 fo; ~03-05%

particle  mean lifetime

A? 1.468 x 107125
A° 2.617 x 107105
= 1.639 x 107105
O~ 0.821 x 10~ 105




Experimental challenges

e Low production fractions

Upstream track

e Strange baryons decay via (chain of) weak -

decays — Displaced decay topologies
uT
e Final state tracks are reconstructed vwm

Il
- Wlth (Iong traCkS (L)) VELO track Downstream track

- without (downstream tracks (D)) \) T track
detector hits in the Vertex Locator (VELO)

Ay = AptpE™ LL: 40-45%, DD: 55%-60%




LHCb resutts Table 1: Rare b-baryon decay measurements by LHCb: b — s¢T4~, b — sy, b — df+{~

Channel Observables Dataset Publication

A) — Aptp~ Angular moments Run 1+15-16 (5fb™') JHEP 09 (2018) 146
diff. BF+-angular Run 1 (3fb™") JHEP 09 (2018) 145
diff. BF 2011 (1fb~h) PLB 725 (2013) 25

A) — A(1520)ptp~  diff. BF Run 1+2 (9fb™") PRL 131 (2023) 151801

A) — pKete~ Angular moments ptu~  Run 142 (9fb™) JHEP 12 (2024) 147
Observation utu~+CPV  Run 1 (3fb™ 1) JHEP 06 (2017) 108
Observation ete™+R . Run 1 + 2016 (4.7fb™") JHEP 05 (2020) 40

A) — Ay Photon polarisation: a., Run 2 (6fb™") PRD 105 (2022) L051104
Observation+BF 2016 (1.7fb71) PRL 123 (2019) 031801

B, = =7y Search 2016-18 (5.4fb™1) JHEP 01 (2022) 069

A) — pK~y Amplitude analysis Run 142 (9fb™1) JHEP 06 (2024) 098

A — pr—ptu Observation+BF Run 1 (3fb™1) JHEP 04 (2017) 029

e No new rare baryon decay results recently, but full Run1+2 updates in preparation:
o Angular A, —A\(1520)pp, Search for = —=pp
o R A,—App diff. BF, Aj—ptup, A, —pKez



Update of the A —A J/y BF

N, —N\up diff. BF used external value for
B(A,—/N\/y) from DO/CDF measurements

B(AY)— Jrp A) =

e The problem:
— only measured f(

(6.3+1.3) x 10~

A,) X BIA,—N/p)

— assumptions about f(A,) can change

value of B(A,—/AJ/y)

[PRD 85 (2012)] [PRD 100 (2019) 3]

e LHCb measurements of f(A )/(f +f,)
revealed strong pT dependence

e Updated BF:

JHEP 01 (2026) 159]

[JHEP 06 (2015) 115]
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https://arxiv.org/pdf/1111.2357
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/pdf/2509.12805

plot by C. Langenbruch
1% {oe L L L L
16 SM PRD 87 (2013) 074031 -
14 o [ ] sMPRD 93 2016) 074501 3

—®— Data

Update of the A —A J/y BF

N, —N\up diff. BF used external value for
B(A,—/N\/y) from DO/CDF measurements

~——o—— Data + [arXiv:2509.12805]
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J/p and @(25) modes

e BF for resonant charmonia modes helpful to constrain the charm loops
o B(A—AW(2S))/B(A,—ANJ/p) has been measured with Run’
[JHEP 03 (2019) 126]
B(AY)— (28)A)/B(A) — JhA) = 0.513 £ 0.023 (stat) + 0.016 (syst) £ 0.011 (B)
e No direct measurements of B(" = /) or B(Q, — Q J/y) exist
o DO/CDF measured B(=,, — J/L|J) x f
o B(z,— = w(2S))/B(z,—=)/y) has been measured by CMS

B(E, — tP(ZS)”‘)
B(:g — J/PE~)
o W(2S)/J/y ratio expected to be very similar for A_and =_ from SU(3) symmetry
o To be updated soon by LHCb (preliminary result from J. Nicolini’s thesis):
'rjéR = 0.492 £ 0.041(stat) £ 0.021(syst) [CERN-THESIS-2024-178]

o Q —Qu(2S) has not been observed yet
e Anything we should measure in the resonant modes?
e For A —»pKup, A,—p1pu both J/y and Y(2S) measurements exist
— complicated to use due to pentaquark contributions in experimental data

[PRD 110 (2024) 012002]

= 0.847075 (stat) £ 0.10 (syst) £ 0.02 (B)


https://arxiv.org/abs/2402.17738
https://repository.cern/records/mx4gw-3yv53
https://arxiv.org/pdf/1902.02092

Run 1+Run 2 search for = — Zuu

e ='s are reconstructed in LLL, DDL and DDD track type categories
e Predictions so far from LCSR form factors or A_—App prediction+assume SU(3)

e Rare mode is blinded — Observation expected in the high-g2 bin
[CERN-THESIS-2024-178]
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https://repository.cern/records/mx4gw-3yv53

Run 1+Run 2 search for = — Zuu

e ='s are reconstructed in LLL, DDL and DDD track type categories
e New! Form Factor prediction from Lattice [Farrell, Meinel arxiv:2603.18438]

e Rare mode is blinded — Observation expected in the high-g2 bin

[CERN-THESIS-2024-178]
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Angular analysis of A, — A and A(1520)pp

e Angular analysis of A, — A£2 P A rest fram:
o 34 angular observables [Kreps, Blake 1710.00746] /- Py i ’es”’a';e
o measured by LHCb at high g2 JHEP 09 (2018) 146] 9,5:}\ - /{5,,
......... « e )P,
e Also for A, — pKee [2409.12629] \ i K/

e Ongoing analysis for A, — A(1520):
Simplified angular pdf for A(1520) in HQ limit
[arXiv:1903.00448] — measure AFB, S1cc in bins of g2
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https://arxiv.org/pdf/1710.00746
https://arxiv.org/abs/1808.00264
https://arxiv.org/pdf/1903.00448
https://arxiv.org/pdf/1410.2115
https://theses.hal.science/tel-04261588v1

Angular analysis of A, — A(1520)pp

Angular acceptance modeled with method-of-moments [arxiv:1503.04100]

Fits are robust, but coefficients still blinded

[CERN-THESIS-2023-359]
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https://arxiv.org/abs/1503.04100
https://theses.hal.science/tel-04261588v1
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- Further suppressed than b — s¢*¢~ by | V,4|*/| V, |* ~ 0.04
» Can be even more sensitive to NP b
« Testing the coupling from third to first quark generations

» Compare to b — s£*¢~ to measure | V,;|/| V,|and
test Minimal Flavour Violation models

* u,c,tall run at the same CKM order (13) in the loop

- Different to b — sZ ¢~ where top-quark loop (42) is very dominant
+ CP violation predicted to be large

. Impact on rate change is small = Inami-Lim functions F' = F(mglm%‘,)

ut
AC IA.AZ B IAfIZ ) |A2| . (A¢) in(AS) A(b - qff) = thVta:]Ft + VcbVéquc + VubV:l"un |
= = ~ Sin S1n 5 :
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~ 0.05 ~ 1



[JHEP 04 (2017) 029]

b—dll: A —prrup .
b S 3oL LHCb i
é, —— Data
e Decay has been observed by LHCb with g = ighal Aty
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e Update with Run1+Run2 ongoing
o Estimated yield of ~100 decays >200F Lyop |0 o—Baa
o Measure diff. BF in 3-4 g2 bins S180F . e
o  First measurement of ACP Q160¢ o
e Can we do anything on the local form factors ;,,’1;8: T
for this mode? P YT 1 S—
e e.g. for some N* resonances? Zeop ML o
o States are not as narrow as for A(1520) 60F X P00
o [(A\(1520))~16MeV, I(N(1520))~110MeV 40F g7
o Overlapping states — See amplitude analysis of 200 e Pt bt
A, —PTTJ/Y [PRL 117 (2016) 082003] o 15 2 25
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https://arxiv.org/pdf/1701.08705
https://arxiv.org/pdf/1606.06999
https://arxiv.org/pdf/1606.06999
https://arxiv.org/pdf/1701.08705

What can we do with Run 3 data?

~25fb-1 already collected in Run 3, expect additional gains from
hardware trigger removal + downstream tracking in HLT1
[arXiv:2503.13092]

e New b — s€2 decays:
- Q,—Qpp (control mode studies have been done in
[CERN-THESIS-2024-178], with Run1+2+3
expected sensitivity for an observation)

e Radiative decays: Repeat search for =, — =y, (Q,—Qy)

e Unexplored channels:
- =, — AKpp (might even be easier than =, — Zuy,
less downstream tracks to reconstruct) PRt
— =, — Z(1820)up? =(1820) is relatively narrow (24MeV) e e e o uy
SO Lattlce FF calculation could be possible? T
- =, — pKpp? (some initial work in [CERN-THESIS-2019-202])
-Q, — =Zpp (b — dee, suggest by [arXiv:2209.04457])
- Electron modes

e Other ideas are welcome!
S

Total recorded luminosity — pp — 35.0 fb’!

Run 3-2591/fb
35 ch
2026 (13.6 TeV): 3.35/fb
2025 (13.6 TeV): 11.81/fb

2024 (13.6 TeV): 9.56/fb

2023 (13.6 TeV): 0.37/fb

2022 (13.6 TeV): 0.82/fb

IS
(e

30

Run 2-5.90/fb
25

2018 (13 TeV): 2.19/fb
2017 (13 TeV): 1.71/fb
20 2016 (13 TeV): 1.67/fb

2015 (13 TeV): 0.33/fb
Run 1-3.23/fb

15
2012 (8 TeV): 2.08/fb
2011 (7 TeV): 1.11/fb

2010 (7 TeV): 0.04/fb
10

Recorded integrated luminosity [fb']

N
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https://arxiv.org/pdf/2503.13092
https://repository.cern/records/mx4gw-3yv53
https://theses.hal.science/tel-02428454/
https://arxiv.org/pdf/2209.04457

Discussion & open question

1. How far do we want to go with the baryon decays?

a. Complicated measurements, complicated predictions

b. Isitjust an exercise or do we expect to find anything new here?
2. Theory predictions for heavier baryon?

a. Isthere any limit to LQCD predictions, apart from finite width effects?
b. Sum rules suffer from the lack of DA inputs, is this something we can improve?

C. Analytic parameterisations are limited by increasingly complicated analytic structure.
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Baryon production fractions g 04T
= 03521_4 / LHCb =
é 03;‘\‘%4fd+bf ls=13TeV -
P02sE HE v 3
o fXib/f L 2Xiw1901.07075 g : Ty, AXI902.00794
T e Xiv:1910.13404 20,15
o fc/fu+fd) ™ arXiv:1902.06794
. . 0.1F s == -::;,:
o f_S/(f_U"‘f_d) & f_Lb/(f_U"‘f_d) 0_052_ m Strong pT dependence!_;
ST s 0 %

p.(H,) [GeV]

fu+fd+fs+fc+fA‘g+ng+fE;+f!2b‘ =1

Fraction | fu  fa fs  fo  fx feo [ o
Value |0.35 0.35 0.085 0.002 0.18 0.015 0.020* 0.005*

* values based on assumptions, not

e leasurements



https://arxiv.org/pdf/1901.07075
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/pdf/1910.13404

N* states in the pmt system

o T e . Data -
E?gg LHCb _._Rﬁ/IaN*+Zc+2PC :
' s EM N* E
SHET * ....... N(1440) E
e L e N(1520) :
S N1 B
B120F - N(1675) "
B100E . N(1720) =
= N I (L E— NR 2
80F e P(4450)
car < P,(4380) 3
405 ....... Z.(4200) :
20F 4 _ :

01 - eeaaTeR TS 41. 2.5
m,,, [GeV]

[PRL 117 (2016) 082003]

Candidates

[A. Alfonso’s PhD thesis]
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https://www.tdx.cat/bitstream/handle/10803/674266/AAA_PhD-THESIS.pdf?sequence=1&isAllowed=y
https://arxiv.org/pdf/1606.06999

