Semileptonic
Hyperon Decays
at LHCDb

Alexandre Brea (EPFL)

Rare and Strange III (A Corunha)
03/06/2026




Strange Physics at
LHCDb




. = P L=
Strange physics at LHCb

- LHCDb obtained leading strange physics measurements, particularly searching for their rare
decays: best limits in K2 » u* u~ and K -» u* u~ u* u~, and best measurement X+ - p u* u~.
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’ Multiplicity of particles produced in a single pp interaction
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A. A. Alves Junior et al. “Prospects for Measurements with Strange Hadrons at LHCb”.
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Prospects strange hadrons at LHCb

Table 1: Acceptance scale factors €, and mass resolutions o, for only long (L) and only
downstream (D) tracks obtained from our simplified description of the LHCb Upgrade tracking
system geometry. The production ratio of the strange hadron with respect to Kg is shown
as R. All efficiencies are normalised to that of fully reconstructed K9 — utu~ and averaged
over particles and anti-particles. Channels containing a photon, neutrino and 7° are partially

reconstructed.

Channel R €r €D or(MeV/e?)  op(MeV/c?)
KO — ptu~ 1 1.0 (1.0) 1.8 (1.8) ~ 3.0 ~ 8.0
KO — nta~ 1 1.1 (0.30) 1.9 (0.91) ~25 ~T.0
K9 — nOutp~ 1 0.93 (0.93) 1.5 (1.5) ~ 35 ~ 45
KO — yptu~ 1 0.85 (0.85) 1.4 (1.4) ~ 60 ~ 60
K — pruptp 1 0.37 (0.37) 1.1 (1.1) ~ 1.0 ~ 6.0
KO — ptp~ ~1 2.7 (2.7) x107*  0.014 (0.014) ~ 3.0 ~ 7.0
Kt = atrta~ ~2  90(0.75) x1073 41 (8.6) x1073 ~1.0 ~ 4.0
Kt = ntutu~ ~ 2 6.3 (2.3) x107*  0.030 (0.014) ~ 15 ~ 4.5
Yt — putpu ~0.13 0.28 (0.28) 0.64 (0.64) ~ 1.0 ~ 3.0
A —pr— ~ 0.45 0.41 (0.075) 1.3 (0.39) ~15 ~ 5.0
A—pu v, ~ 0.45 0.32 (0.31) 0.88 (0.86) - -
E” > Auy, ~0.04 39 (5.7) x1073 0.27 (0.09) - -
E- - X0y, ~0.03 24 (4.9) x1073 0.21 (0.068) - -
E- = prnno ~ 0.03 0.41(0.05) 0.94 (0.20) ~ 3.0 ~ 9.0
E0 — pr ~ 0.03 1.0 (0.48) 2.0 (1.3) ~ 5.0 ~ 10
QO = Ar~ ~0.001 95 (6.7) x1073 0.32 (0.10) ~T7.0 ~ 20
Channel R €L €D or(MeV/c?)  op(MeV/c?)
K¢ s atnete 1 1.0 (0.18) 2.83 (1.1) ~20 ~ 10
K? = ptu~ete 1 1.18 (0.48) 2.93 (1.4) ~ 2.0 ~ 11
Kt o5 rtete ~ 2 0.04 (0.01) 0.17 (0.06) ~ 3.0 ~ 13
Tt — pete ~0.13  1.76 (0.56) 3.2 (1.3) ~ 3.5 ~ 11

A = prete” ~045 <22x107% ~ 17 (<2.2) x1074 -

A. A. Alves Junior et al. “Prospects for Measurements with Strange Hadrons at LHCb”.
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Channel R €1, €D or(MeV/c?)  op(MeV/c?)
K9 — pte” 1 1.0 (0.84) 1.5 (1.3) ~ 3.0 ~ 8.0
K) — ute” 1 3.1(26) x107* 13 (11) x1073 ~ 3.0 ~ 7.0
K+ s atptes ~2 3.1 (11) x1073 16 (8.5)x1073 ~2.0 ~ 8.0

In: JHEP 05 (2019), p. 048. doi: 10.1007/JHEP05(2019)048. arXiv: 1808.03477 [hep-ex]
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SHD Prospects in LHCb
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Allen: HLT on GPUs for LHCb

- During LHCb Run 2, Hardware trigger imposed minimum p, damaging strange physics programme.

2 afF SRS N 43
o [ pp collisions J 5 T cfficiency 1< g Fe 1 efficiency 7
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R. Aaij et al. “Allen: A High-Level Trigger on GPUs for LHCb”.

In: Comput. Softw. Big Sci. 4 (2020), p. 7. doi: 10.1007/s41781-020-00039-7 03/06/ 2026
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Hyperon Decays

Isospin =0 Isospin=1

- QCD - SU(3)-flavour symmetry would allow the
interchange of different quark flavors within hadrons.
Different quark masses — This symmetry is not exact.

- At energy scales where the strong interaction is the
Isospin =12 Isospin = 0 predominant, u, d, and s quarks masses are similar

EO == — nearly interchangeable.

- Approximate SU(3)-flavour symmetry,

particularly relevant for hyperons

Alexandre Brea 03/06/2026
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Lepton Universality

Fermions : 3 Generations

/ /1 1

(... - In the SM, the couplings of leptons to all types of gauge bosons

%’ u ; are flavour-independent. This is called Lepton Universality (LFU).

S| —

> 3 : :

O dog . - Experimental tests of LFU — comparing rates of decays across
N different lepton flavours and looking for deviations from the
V— expected ratios.

V) e 1

§ N - A verified violation would point to Beyond the Standard

§ Fi o Model (BSM) physics.

Fermions

Alexandre Brea
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Semileptonic Hyperon Decays

- The LFU test observable defined as the ratio between
muon and electron modes

B F(Bl — Bzﬂ_l_/u)
- T(B; — Bye~7,)

1s sensitive to non standard scalar and tensor contributions.

RH¢

- In the SM, the dependence on the form factors is
anticipated to simplify when considering the ratio (NLO).

2 2 4 4 2
m om m 15m m
REY, = 1——”(1———”—4J)+?A—farctanh( 1——”)

H.-M. Chang, M. Gonzélez-Alonso, and J. Martin Camalich, “Nonstandard Semileptonic

Hyperon Decays”, Phys. Rev. Lett. 114 no. 16, (2015) 161802,arXiv:1412.8484 [hep-ph]. 03/06/ 20 26
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SHD: LQCD Results

—
o

- Now we have a first-principles, high-precision LQCD

S —— This work R
308 - QCD Sum rules prediction for the full A - p u™v, decay.
:; 06k electron channel
= oal - This gives the complete set of form factors, also precise
iy L predictions for the electron/muon widths and their ratio
= 0.2 =
3 P
%%00 0,005 0.010 0015 0.020 0,025 0.030 RtE = Fpﬂ =0 1735(98)
q* [GeV?] " Tpen.

F elg — F 7 7

V[ = 0-546(51) - 10757, P =5.83(37)-10"s ™,

Fp,u.ﬁ 7 1 | Vus ‘

o = 0:9228(82) - 10757, r .

Lo PR =1.01(12) - 10757

27— 0.16638(20). |Vaus|

peve

S. Bacchio and A. Konstantinou. “Study of the A - p2v€ semileptonic decay in lattice QCD”

In: arXiv:2507.09970 [hep-lat] (2025). ' 03/06/2026



". - Strangeness changing SL decays can provide the
oo '.‘ most sensitive test of the unitarity of the CKM matrix
0,005 - ‘-| (since |V |21s negligible) through the relation
“‘. |\7ud|2 + |\7us|2 + |\7ub|2 =1
i | The experimental result is:
F Vi Via from K, [Vual® + [Vys|? + [Vyp|* = 0.9985 £ 0.0007
Vu.v from Kt"3 “' . ° °
0 ., from f decays | Showing a 2.20 tension with the expected
) PPN B unitarity in the first CKM row.
0.965 0.970 0.975
Via

The measurements of V in leptonic (Ku2) and semileptonic (K13) kaon decays exhibit a 30
discrepancy. Such a disagreement can hint towards two potential scenarios:

the existence of physics beyond the SM or a significant, yet unidentified, systematic effect within
the SM itself.

Chien-Yeah Seng et al., Improved Ke3 radiative corrections sharpen the Ku2—Kil3 discrepancy: 03 / 06 /2 026

Journal of High Energy Physics 2021.11 (Nov. 2021). doi: 10.1007/jhep11(2021)172.



Non-standard SHD
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FIG. 1: 90% CL constraints on €g, 7 at u = 2 GeV from the mea-

surements of R"“ in different channels (dot-dashed lines) and com-

bined (filled ellipse). LHC bounds obtained from CMS data at /s =

8 TeV (7 TeV) are represented by the black solid (dashed) ellipse.

H.-M. Chang, M. Gonzélez-Alonso, and J. Martin Camalich, “Nonstandard Semileptonic

- It is useful to express the ratio of R#eyp and R#égy,
encapsulating the scalar and tensor related
dimensionless contributions in r¢ and r; in order to
express the sensitivity to the Wilson coefficients

=1+rses+rrer

- Being the SHD sensitivity to the Wilson coefficients
very channel-dependent. Given that the SM-NLO
predictions, R*¢g),, for the various SHD modes are
precise, these decays are excellent candidates for
performing tests of LFU.

Hyperon Decays”, Phys. Rev. Lett. 114 no. 16, (2015) 161802,arXiv:1412.8484 [hep-ph].
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Non-standard SHD
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Constantia Alexandrou, Simone Bacchio, Andreas Konstantinou and Eleni Vakana, “Scalar and Tensor Form Factors for A - p = v,”

,arXiv:26 04:16025 [hep-ph].

FIG. 7. 90% C.L. constraints on the scalar and tensor co-
efficients (es,er) at u = 2 GeV probing new physics. The
filled orange ellipse shows the semileptonic hyperon decays
constraint obtained in the present work. Black dashed lines
denote bounds from high-pr LHC searches for non-standard
us — ev interactions in pp — e + Er + X [6, 63], with the
outer line corresponding to /s = 7 TeV and the inner to
8 TeV. The blue contour shows the constraint from semilep-

tonic kaon decays (K,3) from Ref. [9].

“New Lattice-QCD Input (2026)"

14

First lattice determination of scalar and tensor A — p form factors.

fs/ fr = 1.952(41)
fr/ fi = 0.5884(47)
rg = 1.292(30)

rp = 2.910(22)

Combined with the LHCb R;w measurement:
o €g=—0.007(36)

o er=0.018(22)

Consistent with the Standard Model.

03/06/2026




SHD Experimental

measurement at
LHCb




BA-puvy)
measurement in LHCb
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Motivation

- Improved measurement directly translates into tighter bounds on LFU (s — u), since the
electron mode has already been measured very precisely, B(A — p e v, ) = (8.34 £ 0.14) x 1074

I{Me=:13(A\—a}9;[‘?@)/’23(1&-—>r>e_iQ)

RF€ ediction = 0-153 £ 0.008, R, = 0.178 + 0.028,

- Best branching ratio measurement until now was from BESIII (2021):
B(A-puv,)=(1.48 £0.21) x 10 14.19 % Uncertainty

The goal was to obtain a precise result. @

17 03/06/2026




Signal EvtGen MC cPrl—=

Signal (3-body decay) behaviour different from Phase Space. Specific EvtGen model needed.

Kinematic Distributions for B.= B: lepton v

= el (i B 1)+ )eos(6) + Llaheos" 0)

dq?d(cosh) (2)

EvtDecayProb allows to calculate a probability for the decay. This probability is then used in the accept-
reject method. The resulting EvtGen model is called SHD. Compatible with any SHD.

0.05 ‘ , 0.05 ‘ ‘

A 7\\

N

|

d | |
; 0.015 0.020 0.025 0.0380
cosf qg [Ge\//‘-y]

03/06/2026
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Challenges

+
A DECAY MODES p
Mode Fraction (I';/T) Confidence level _
r pr~ (64.1 +£0.5 )% on" _ K .
I, nx° (35.9 +0.5 ) % Lo 7
L 4 .

'3 nvy (83 £0.7 )x10~% .”
4 pr— 7y [a] (85 +1.4 )x10~%4 o
s pe 7, ( 8.3440.14) x 10—4 ooy
M6 pp~ 7, ( 1.5140.19) x 10—4 A - prr

(42.7%)

Almost 2/3 of A particles decay into a proton and a pion,
resulting in two potential background categories: Aspt i) /
(14.7%)

Combinatorial
—> i Background

(2 2%) (35.7%)

Alexandre Brea 03/06/2026
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Analysis Strategy

2016 - 2018 Data

A->pr™ A=>pu v,
. . Aligned PreSelection Cuts
Normalisation Data Sample « - Signal Data Sample
. _ Different PID
Fit A - p ™ 1n Data Cuts l
?8 B LHCbh 5.4 fb~! —— Total DeSign
3 Selection
% ‘F —_— [ ] [ ] [ ]
t B(A-pu vy F:1t S}gnal y.1eld
in SignalLine

0 BT 1 & 7 3+ 1+ [ T
1105 1110 1115 1120 1125
m(pr) [MeV/c

N(A-pn~)and N (A) NA->puvy)

Alexandre Brea 03/06/2026




Normalisation




Normalisation -,

Mother direction of flight

Armenteros Cut to remove K? - nt i~

Y 2000
LHCD simulation —— Total 3 LHCb 54 fb~! —— Total
A— pr- — A= pr
— Background — Background

4000

t  Data (Norm)

t  Min. bias (norm)

3000

Candidates/(0.35 MeV /e

2000

Candidates/(0.29 MeV/c?) x10°
=

1000

IIIIIIIIIIIIIIIIIIIIIIIII
T T [ T T T T [ T T T T [T T T T [ T1

U i i L i i
1105 1110 1115 1120 1125 1105 1110 1115 1120 1125

m(pr) [MeV/c?| m(pr) [MeV/c?]
Pure A —» p 1~ MC passing Norm Preselection Data passing Norm Preselection

Alexandre Brea 22 03/06/2026




Signal Selection
and Fit




cEPFL—

Kinematic Strategy

Muon at VELO level

pr (v,) : obtained from proton and muon (PTmiss)
p. (v,) : obtained by imposing A mass
— recovered neutrino momentum components
Ew.\/ A2 — M2 — Ap),, +p,, 2
(p;?Hz)Q - E]glu

pL(Vu) =

Alexandre Brea

Corr.p,- « Corr.p), .-
Pion slopes — ok ‘,,.-"'

|B,| = probably not ok

pp'*‘

Pion at VELO level

If | px| not ok, A will not point to PV.
Imposing A to point to PV allows to solve for |px| .

Ifitis a A — pm, recomputed M(p,7) using
the obtained value of |p| will peak at A PDG mass.
— MCorr(pa).

03/06/2026
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Selection
@@ Ay, + Py

pL (VM) E2
p P,uz
§ 12000 LHCb Vs = 13 TeV § 10000 LHCb Vs =13 TeV
] ]
S B Data > B Datap;(v)>0
% 10000 | [ Signal % 8000 B Signal pp(v)=>0
S S
28000 2
2 s 6000
= =
e e
g 6000 — g
o O 4000
4000
2000 2000
0 0
1080 1100 1120 1140 1160 1080 1100 1120 1140 1160
me,..(pm) [MeV/cz] me,,(pm) [MeV/cz]

03/06/2026
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Signa

Selection

d

%1120 B LHCb siimula:on
E‘ pL(Vu) >

= :

1100

=

S el 1 1080 :‘

1060

A= pu o,
A= pr~
A= pr (= p v,

0 20

1
60 80
pr (7,) [MeV/c|

Yy

; LHCb simulation
=150 | pu(@) >0
=

A= ppu oy,
A—=>pr~
A= pr (= p v,

Alexandre Brea

1
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cEPFL—

20

LHCb 5.4 fb~!

BN Data
e Signal simulation

40 60 80 100
mCorr(pTr) - m(pﬂ) [MBV/CQ]
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Signal Selection

LHCDb 5.4 fb~!

BN Data
I Signal simulation

150 160 170 180
Meon(T) [MeV/c?]

B £573000 F
& LHCb simulati -5 =
SHZO B 'b ilmu ation o A—=p Mfy“ > 2500
é’ () >0 e A—=pm =
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By =2000
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= 1500
1080 =
(®]
1000
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500
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= LHCD simulation e A—=puy, ;5000 B
=150 pu() >0 e A—opr 2
s A—=pr (= pv,) S
125 - — 4000
e
Q
100 =
< 3000
eS|
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Q
2000
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o5 b 1000
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W Signal simulation

40 60 80 100
mCorr(pTr) - m(pﬂ—) [MEV/‘CQ}

4000

0.60 MeV/c?)

=13000

Candidates
[N}
o
o
o

1000

7000

Candidates/(0.02 x 107%)

=P

150

160

170

180

LHCb 5.4 fb~!

BN Data
W Signal simulation

190 200 210
m(mv) [MeV/c?]

0.0000

0.0005

0.0010

LHCb 5.4 h~!

B Data
I Signal simulation

0.0020
APLA

0.0015

Alexandre Brea
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—1120

N

MeV/c

£.1110

m(pr)

1100

1090

1080

Alexandre Brea

2D Signal Yield Fit

—1120
LHCb simulation e Signal § LHCb 5.4fb™"
e Background S
£.1110
&
_______ S
& 1100
1090
1080 3 11
1 | | 1 |
1080 1100 1120 1140 1160 1080 1100 1120 1140 1160
Mcon(pm) [MeV/c? Mcon(pm) [MeV/c?
Two Dimensional fitter:
- input: number of entries for each channel in each bin (MC distributions as templates)
- output: corresponding number of occurrences for each channel in the Data.
x° = 2(—OBS - log(EXP) + EXP) ——  Poisson distribution
B(A — pu~v,)
EXP = fA—>p,u‘ vy o +fA—>p7r‘ ’ NA—>p7r‘ +feDIF ’ NeDIF +fComb ’ NComb

28
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Signal Yield Checks: 1D Fit

x% =165
7000 LHCb 5.4fh! —— Total
— A= puv,
L
6000 —— A pr

= 5000

4000

3000

Ca,ndlda,teaa/ (1.6 Me\f,/(’z)

2000

1000

4 Selected Data

lLH—q-t—l-r’I"Tlllllliljljijljz.

1090 1100 1110

Alexandre Brea

1120 1130 1140 1150

1160

Meor(pm) [MeV/c?]

Signal PDF extracted using a Kernel Density Estimation (KDE)

The Background component is fitted using a double sided
Crystal Ball

B (A4 - p uv,) fully compatible with 2D Fit
Issues
We do not have enough statistics to know the CombBkg

behaviour, even expecting a very low contribution.

Good check (reassuring)

03/06/2026
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Efficiency Corrections - i

« MC Reweighting (To correct MC/data discrepancies, sweights from A - p 7~ data)

PIDCalib2 (To correct PreSelection PID Cuts efficiencies): Cp1p=0.897 + 0.031

TrackCalib2 (To correct PreSelection Tracking Cuts efficiencies): Crypacking=0-995 * 0.016

TISTISTIS (Different fraction of TIS events for Signal and Norm): Cp4=1.038 + 0.031

The final corrected result is: a = (8.9280 + 0.0436 (stat) + 0.4355 (syst) £ 0.0070 (norm) ) x 107

Alexandre Brea 30 03/06/2026
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Systematics

Analysis designed to reduce systematic uncertainties as much as possible:
- TIS required both for Normalization and Signal.

- Aligned PreSelection cuts. Only PID Cuts are different.

- PIDCuts reduced as much as possible. Selection based on kinematics.

Source Relative Uncertainty (%)
A — pu~v, yield (fit binning) 3.90 %
Correction PID Effs. 3.46 %
Correction Trigger Effs. 2.99 %
Intrinsic Tracking Uncertainty 1.80 %
Binning Pid Signal Correction 1.61 %
Correction Tracking Effs. 1.60 %
Binning Pid Norm. Correction 1.04 %
B(A — pr™) 0.78 %
MC TruthMatch 0.69 %

All systematic uncertainties are treated as uncorrelated and are combined in quadrature.
Total systematic: 6.8 %

Alexandre Brea 31 03/06/2026
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Results: A > pu v, —
: p )
B(A-ppuv,)=(1.462 £ 0.016 (stat.) £ 0.100 (sys.) + 0.011 (norm) ) X 104 = (1.46 + 0.10) X 104

- This represents the world best B (A — p u™v,) measurement, with a total uncertainty of 6.9 %.

- Since there is a long-standing tension in the determination of V, we extracted the V value.
V= 0.222 + 0.012. The uncertainty is very large compared to the extractions using kaon decays.
(Kl3, V= 0.22362 + 0.00055) and (Kmu2, 0.22535 £+ 0.00045).

1.0016 + 0.0038 (conservative),

\/qud|2 + ‘%slz + |I’/"'t,!,rb|2 - T
1.0042 + 0.0021 (smaller uncertainties),

- This measurement implies new constraints in R* (LFU in s -> u transitions).
- The extracted R*¢ = 0.175 + 0.012 agrees with the NLO SM prediction at the level of 1.5 o.
- Agrees with LQCD prediction at 0.1 0/ 0.9 0. (R"=0.1735 + 0.098 / 0.16638 + 0.00020)

Alexandre Brea 32 03/06/2026
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rospects

P

The SHD sensitivity to the NP Wilson coefficients is very channel-dependent.

The general SHD can be descripted as B, — B, [l - v, where B, is the hyperon, B, is the baryon
in the final state and 1 can be any lepton flavor. The 4=M, — M, is directly related to the success

of the developed strategy to separate signal and background.

The abundance of A particles can introduce certain disadvantages, as it requires very tight
selection cuts. Consequently, generating MC simulations for A — pm~ passing the preselection,

specifically designed to select A — pu~ v, , becomes exceptionally resource intensive.

Channel R A (MeV [c?) €1 €D B
A—>pu v, | ~045 | ~177.41 032 | 0.88 | (1.51+0.19)x 10~*
ET > ApTv, | ~0.04 | ~206.03 | 0.039 | 0.27 (3.5%53) x 107*
= - 31, | ~0.04 ~ 129.07 0.024 | 0.21 | <8.0xX 107%(90%CL)
E' > =tumv, | ~0.04 | ~125.49 - - (2.33 +0.35) x 10~
ST o nuv, | ~0.13 |~ 249.80 - - (4.5+0.4)x 1074

N. Yeh et al., “Observation of Rare Decay Modes of the Xi Hyperons”,

©)

Phys. Rev. D 10 (1974) 3545.
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The most promising channel (high available momentum for the neutrino) is &~ — A u~v,. Its

branching ratio has an uncertainty at the 100% level and the strategy can work better than for

the A — pu~v, case.

Despite having one order of magnitude less both in acceptance efficiency in the LHCb detector
and in production ratio, the strategy designed for A — pu~ v, should be enough to improve its

branching ratio measurement. Downstream tracks can be included if needed to enhance
statistics by one order of magnitude.

Moreover, having a A in the final state, that will be reconstructed in the A — pr~ mode, will
reduce significantly the combinatorial background pollution.

Additionally, Z- — A m~ can be used as normalization channel. This mode has an acceptance
efficiency similar to the A — pm~ one and we will have a huge amount of statistics for the
normalization process

N. Yeh et al., “Observation of Rare Decay Modes of the Xi Hyperons”,

Phys. Rev. D 10 (1974) 3545. 03/06/2026
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Motivation

= > A ”_Vll is a Semileptonic Hyperon Decay (SHD)

- Improved measurement directly translates into tighter bounds on LFU (s — u), since the
electron mode has already been measured precisely, B(Z~ - Aev,) = (5.63 £ 0.31) x 1074

Re=B(E" >Ap 1) /BE —»Ae V)

RM€ ediction = 0-275 + 0.014 , R¥,. ;= 0.6 £ 0.6

Poor knowledge of the B (2™ - A u~v,) = ( 3.5735)x 1074 @

N. Yeh et al., “Observation of Rare Decay Modes of the Xi Hyperons”,

Phys. Rev. D 10 (1974) 3545. 03/06/ 20 26
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Prospects: A -puv,

- Run 3 Lumi x 5 (25 fb?)

- Signal yield ~ 105 -> Statistical Uncertainty in the branching fraction ~ 0.5 %
- Improving systematics: Uncertainty onthe B(A > p u~v,) ~2%

- Uncertainty on the LFU ratio ~ 2.5%

- Uncertainty on V,, ~ 1% (addressing Cabibbo Anomaly)

- Plans to measure also the electron mode, B (A - p eV, ), and compute the LFU ratio at LHCb.

Alexandre Brea 03/06/2026




Prospects: E" - Au v,

- Run 3 Lumi x 5 (25 fb?)

- Signal yield ~ 2000 -> Statistical Uncertainty in the branching fraction ~ 2-3 %
- Improving systematics: Uncertainty onthe B (£~ - Au™v,) ~3-5%

- Uncertainty on the LFU ratio ~ 6 % (Currently 100%)

- Potentially extracting V  precisely with a second mode.

- Plans to measure also the electron mode, B (¥~ - A e™v,), and compute the LFU ratio at LHCb.

O~ —==E"upy,
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Conclusions

- SHD are great candidates for testing lepton universality (accurate predictions, poor knowledge)
- LHCb can improve best current measurements for SHD branching ratios.

- B (A — p u~v,) has been the first measurement (accepted by JHEP).
- B (£~ - A u~v,) identified as the next natural step.

- These measurements will imply new constraints in R*¢, tighter bounds on LFU (s — u)

Showing again that LHCDb is a versatile detector that can obtain precise
measurements besides its original purpose!
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LFU in SHD

- Since this is not a simple s — u quark transition, we have to consider the quarks being confined
inside the baryon environment.

- Disregarding electromagnetic corrections, the amplitude for a generic semileptonic hyperon decay
(B, (py) — B, (p,) I~ (p;) v,;(p,)) can be separated into distinct leptonic and baryonic matrix
elements. The hadronic currents are parameterizable via form factors:

2 2
(B2(p2)lay,us|Bi(p1)) = iz (p2) | (g yu + ﬁ]tj_ql)%qv + fﬁ )‘Lu]”l(Pl)
2 2
(B2 (p2)lity,yss|Bi(p1)) = tia(p2) [gl(qz)}’u"'%%vq”%ql)qu]}’Sul(Pl)

- The approximate SU(3)-flavor symmetry present in the hyperons regulates the decay’s phase space
and permits a systematic expansion of observables based on the generic parameter that governs
symmetry breaking

My =M,

M

o)

H.-M. Chang, M. Gonzalez-Alonso, and J. Martin Camalich, “Nonstandard Semileptonic

Hyperon Decays”, Phys. Rev. Lett. 114 no. 16, (2015) 161802,arXiv:1412.8484 [hep-ph].



LFU in SHD

- Expanded in § up to next-to-leading order (NLO) and disregarding m, the integrated (B, —» B,e—-V, )
decay rate assuming real form factors and going to order 62 is given by:

GilVas (O A’
6073

3 )91(0)2 _ 45920 91(0)

3
(1-39)+3(1-3 A2 7 F(0) £(0)

FSM(Bl — Bze_f’e) = 5

- The LFU test observable defined as the ratio between muon and electron modes

. I['(B; — BZIJ_ﬂ,u)

- T(B; = Bye 1)

is sensitive to non standard scalar and tensor contributions. Moreover, in the SM, the dependency on

the form factors is anticipated to simplify when considering the ratio. Indeed, by operating at Next-to-
Leading Order (NLO), we achieve:

RH¢

m# 9 m? m* 15 m* m?
e H H H H Hl —
RSM 1-— F(l — EF — 4? + ?Farctanh 1-— F — 0153 + 0008

H.-M. Chang, M. Gonzalez-Alonso, and J. Martin Camalich, “Nonstandard Semileptonic

Hyperon Decays”, Phys. Rev. Lett. 114 no. 16, (2015) 161802,arXiv:1412.8484 [hep-ph].



BSM and V, from SHD

- It is useful to express the ratio of R*¢yp and R#¢g; encapsulating the scalar and tensor related
dimensionless contributions in rs and r; in order to express the sensitivity to the Wilson coefficients

je
RNP

je
RSM

=1+4rses +rrer

being the SHD sensitivity to the Wilson coefficients very channel-dependent. Given that the SM-NLO
predictions, R¥¢g), for the various SHD modes are precise, these decays are excellent candidates for
performing tests of LFU.

- We can also write V. in terms of the form factors predicted by theory and the decay rates ratio.

°M(By — By~ 7,) 607°

REeGE f1(0)%A° [(1 ~ 30) +3(1 - 39) ?E(‘Qj]

Vs |® =

H.-M. Chang, M. Gonzalez-Alonso, and J. Martin Camalich, “Nonstandard Semileptonic

Hyperon Decays”, Phys. Rev. Lett. 114 no. 16, (2015) 161802,arXiv:1412.8484 [hep-ph].



itcgrated Lumi

2016 13TeV
2017 13TeV
2018 13TeV

Alexandre Brea

—— A
1.67 b
1.71 fb? p
2.19 fb'l —— ”

1.6 <1 < 4.9
Magnet 4 T.m
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