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Topics covered today

An experimental perspective

@ Radiative leptonic B decays

- Searc

hes for BY — #fvyand BT — v 6

- Searc

hes for BY — £T¢ yand B, » £/~ ¢t~

® Semileptonic b — s£7¢~ decays

- Precision measurements of B — Ky

* Attempts to fit Wilson coeffs together with hadronic

uncertainties and long-distance contributions
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Radiative leptonic



BT — Zvy: why?

B" — u™v, decay

helicity

suppressed _ ;+  Suppressed by V,;, + helicity Test the SM
Bt Vv Very precise prediction measure V,,,

— I/,Ll Theory: BR = (38 + 04) X 10_7 search for H+, LQ

b PDG: BR < 8.6 X 10~ at 90% CL

(. A

B™ — uv,y decay
Suppressed by V, , + helieity + a,,, Study B+ meson

Depends on B — y form factors
Theory: BR ~ 2 x 107°
PDG: BR < 3.4 x 107° at 90% CL

to improve predictions
for other channels

_/
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BT — fuy

See Aoife’s talk

@ BY — vy considered golden mode to
probe the B sub-structure

+ Improve understanding of B light-cone
distribution amplitudes (LCDA)

- At first order Br(B* — £vy) measures
of the B LCDA parameter Ag

« Essential for calculations of non-
leptonic B decays (QCD factorisation)

Non-exhaustive list of references:

* G.Grozin, M. Neubert, Phys. Rev. D55 (1997) 272-290

* M. Beneke, G. Buchalla, et al, Phys.Rev.Lett.83:1914-1917,1999
* M. Beneke, T. Feldmann, Nucl. Phys. B592 (2001) 3-34

* M. Beneke, ] Rohrwild, Eur.Phys.].C 71 (2011) 1818

* T.Feldmann, P.Liighausen, D.van Dyk, JHEP 10 (2022) 162

* Proof of concept Lattice calculation from P.Boer (talk at CKM)

Martino Borsato - Milano-Bicocca U.

: why?

M.Beneke et al JHEP 07 (2018) 154
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BR also depends on value of 6,


https://arxiv.org/abs/hep-ph/9607366
https://arxiv.org/abs/hep-ph/9905312
https://arxiv.org/abs/hep-ph/0008255
https://arxiv.org/abs/1110.3228
https://inspirehep.net/literature/2059530
https://indico.cern.ch/event/1440982/contributions/6583204/attachments/3134960/5562294/Boeer_CKM25.pdf

Observables in BT — £ vy

MC generated with EOS
=) s 020y
: ] EOS 43=04GeV 1
. [ 1 EOS A3=0.5GeV 4
® Three-body decay described by 10000 T=1 EOS g0 Gev
E and cos 9 8000: 1 LHCbMC R
Y W ;
6000 | . . .
® £, spectrum and Apg depend on 000} -
B* meson LCDA ool -
® Analysis cut on min E, larger ’ 15 20 25
than 1.0 or 1.5 GeV ] AL A —
L4E 7 EOS 15=02Gev
- i BT =
® Typically get low efficiency at b T BOS =04 Gev
cos Oy, ~ — 1 where all energy O =3 Pronae* o
0.8 F
goes to v rather than p ; = :
0.6 — —:
0.4 hi 1
0.2 T\M = .

0'—01 .00 -0.
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BT — Zuvy: how?
Method @Belle

Full reco of
29 channels

® Full reco of B, € ~ 0.8 %

2
Vs > _ 2
Py, = <—2 » — P tag> Miss =Py = <PBsig —Pr— Px>

Phys.Rev.D 98 (2018) 11, 112016

50 -
1 | Data

40- Fit
= T Remaining
O 1 —— B—= X'y,
=307 n 0,+
= 1 —— BT —=muty,
g€ | — Br=yutuy
=20 al it
R ]
E i l

10+

e RS


https://inspirehep.net/literature/1701180

BT — Zvy: how?
Method @Belle Method @LHCb

Full reco of
29 channels

Bt
® Full reco of B, € ~ 0.8 % @ y conversion in material
/s — get BT displaced vertex
2
S
o 2 _ 2 _
sig o) tag Meorr = m*. . (M+7 )+P2 +Dy
visible ee L
) Phys.Rev.D 98 (2018) 11, 112016 . LHCDb Unofficial 2016-2018 (13 TeV)
50 . >600_'"'I""I""I""I""I""_
[ Data ﬁ $ Pseudo-Data .
40 Fit S 500 — Broptuy ]
% 7 —— Remaining — — BTouTwy ]
S 1 B Xuu'w = 400 .oy ]
> 30 ubt P z =7y ]
= 1 — B"—1%u'y, . o h* — p* mis-ID 1
- . @ 300 .
X | —— Bt—=uty, . 1
QQO—_ .t ’ . 5 ]
B l l l : 200 F ]
M 102 ‘ l l . :
’ | | | : 100 .
0 L B B T £ = .
- _r (G(1~V2) ’ ’ 200 4500 5000 5500 6000 6500 7000

mcorr(,u * ?’ee) [MeV]


https://inspirehep.net/literature/1701180

Also B — uvy in LHCD

LHCDb unofficial 2016-2018 (13 TeV)
> 600 L L L L
s | {  PseudoData - @ Can also search for B — uvy
< 500 —— Bl o utvy .
S —— Btoputvy ] * Never been searched for!
Z e .
g 400 Zo_)?/;,;, ] - Useful to study B meson structure?
L h* = p* mis-ID A
= 300E : - " L 1Vl
: . Expect similar rate as B™ due to = ~ -
200 | ¥ : Ju Ve
: BY = mr| | B — puy ; - Lower efficiency due to 7(B) ~ 0.3 X 7(B™)
100 j j § ° Much lower background under the peak

4500 5000 5500 6000 6500 7000
m('orr(,u * ?/ee) [MeV]

2000
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BT — uTvuTu~ at LHCD

® Much higher detection efficiency

@ Search peak in corrected mass distribution
@ Searched with 4.7/fb, now analyzing 9/fb
® Br*P(B* = uvup) < 1.6 X 1078

LHCb, EPJC 79 (2019) 8, 675

@ Predictions less reliable than B — £vy due
to p/w contributions

o Br'"(B — uvuu) = 1.54 +1.77 x 1078
for m,, € [4m;,0.96] and n,qy,,, > 3 GeV
(4 = 0.35 £0.15 MeV)

M.Beneke et al EPJC 81 (2021) 638

See Aoife’s talk

Martino Borsato - U. Milano-Bicocca

Candidates / (50 MeV/c?)

BR(B* — evuu) x 1078

LHCb, EPJC 79 (2019) 8, 675

||

160 . 3
Total Fit .
140 LHCb —4+— Data gu
120 2011-16 Combinatorial E
Misidentified .
100 Partially reconstructed =~
------- Prediction from .
80 PAN (2018) 81:347 —
60 BR(B* = uvuu) < 1.6 x 1078 3
U o -
20 —
Qe ]
4000 5000 6000 7000
M. [MeV/c?]
19 M.Beneke et al EPJC 81 (2021) 638
102 b NiQeut = 3 GeV
} 10 Br(4m2 < ¢* < 0.96 Gev?) |
8- .
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Prospects for electrons

@ Belle(2) normally integrating channels with ¢ and e (cf B — £vy search)

@ LHCDb focusing on y, but can also search final states with electrons such as:

B — evy, B - evuu, B — uvee (and B — evee)

@ Trigger efficiency with electrons significantly improved in Run 3 thanks to

software-based trigger

g F o T T T T T 70200
5 1.4 LHCD Preliminary HLT?2 Turbo |
> | 4 2024 Hit1(Two)TrackMVA E 0.175
5120 4 Run2LOMuon + Hitl(Two)TrackMVA .
S [ - Run2LODiMuon + Hltl(Two)TrackMVA = 0.150
8'5 1.0p==r=======mm=m—— -~ nlenlnfestenfondvalen et enbendeed-
I e N §0.125
@ 0.8 — Small improvement :
= o In muons Wk - 30.100
0.6 T :
T TR 10.075
041 40.050
021 10.025
oo ——t e b L e ) ()
5 10 15 20 25

Martino Borsato

Transverse momentum, pr(B*)/ GeVc™!

- U. Milano-Bicocca

u.

candidates in acceptance / a.

—
(\9]

TOS efficiency, eros
S

Transverse momentum, p7(B*) / GeVc¢™!

: =
[ LHCD Preliminary HLT2 Turbo 016 =
[ 2024 Hit1(Two)TrackMVA 1 S
+ Run 2 LOElectron + HItl1(Two)TrackMVA - 0.14 =
----------------------------- e
— 1Y Q
 — Largeimprovement —+— - 2
e in electrons __er"" 10.10°
— e 40.083
I N : =
- -1 0.06 =
N — . O
e 10042
_:“ 40.02
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 0 OO
5 10 15 20 25
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Search for BSO — UTUy

LHCb JHEP(07(2024)101
Bin I Bin II Bin III
@40_---|----|--'|_g\?200"' — T T I_g\70_--- T T T | E——
R F LHCb —3- Data S LHCb 1 3 E LHCb =
> 35F 541 — Total 5 = 180F samp q > 60F 54t -
S F m(u*po) € [2my, 1.70 GeV/c?] [T B%—)u*,u-y 1 = 160 m(u*u) € [1.70, 2.88] GeV/c? g = - m(u* ) € [3.92 GeV/c?, ] -
o 30F -== B —prun 4 < 1 o s50F “ 3
S : Eowwn 3 T 140 EREEN: 5
51-3 2 - - ga?ﬁg!l;t rgcp. _é 5—3 120 _; &2 40 - _E
% 20 : Combinatorial _E % 100 _E % 30 ;_ _;
S 15E 33 g3 O 20F 3
10F E 60 ] 3 ]
= E 40 = 10 - -
SE + 20 = OF <
w--A N QE=azzc-ac-koodess N _10: T T T T
5000 5500 6000 5000 5500 6000 5000 5500 6000
m(uuy) [MeVice?] m(uuy) [MeVic?] m(ury) [MeV/e?]
@ FCNC radiative leptonic PRL 128, (2022) 041801
. . C 1 ; ; ; ; | ; ; ; —
- Lifted helicity suppr, but pay a,,, N LHCb —e— Duta ]
.. ) — 1 1 —
- Sensitive to Cy and C S 0 fo R .
. > BDT 20.5 i i
* See talk by Diego = 30 — B -
) — BO—>/J+,U_}/ i
o~ ,A s -
@ Search for B, — uuy S P - B->I'h .
) ~ 20 X,—huv, —
- Searched in both uuy (full-reco) g F 9Ny - RN .
3 B f £ - mbinatoria ]
and pu (part-reco) 210k + ~ A Combinatorial -
2 T + . ‘\ ]
@ Full-reco search should be S prmelliloe )] Lt
ible in Run3 using e e™ ’ ' :
possible in Run3 using e™e ™y e . . . . ]
5000 5500 6000
2
Martino Borsato - U. Milano-Bicocca My, [IMeV/cT] 12


https://inspirehep.net/literature/2774056

Search for BSO — UTUy

LHCb JHEP07(2024)101
{ 10_6 I ] ] ] ] I ] ] ] L] I L] L] L] L] I ] ] ] ] I ] ] ] ] I 1I ] ] ]
—— LHCDb direct (5.4 fb™ )
C'; LHCb —— LHCb indirect (9 fb™")
O 1 —7 [ Single pole
s
& _ Iy {m LCSR
= 1078 LQCD + HQET + VMD
3 ——
g 10—9
Oll\ra
2 I
& 1010 '
= 10 | |
10—11
10—12 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 5 10 15 20 25 30
q? [GeV?/c4]

See Diego’s talk for a theory perspective

Martino Borsato - U. Milano-Bicocca
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https://inspirehep.net/literature/2774056

Semileptonic b — sCt



LHCDb’s strength

B - K¥utu~

- Belle
~ 1999-2010 dataset

[0]
o

2]
o

N
\+

Events / ( 0.003 GeV/c?)

) 5.04 5.26 5.08

M,. (GeV/c?)

Martino Borsato - U. Milano-Bicocca

TOSTIT ‘TT (Z102) 81T T¥d

Candidates / 5.3 MeV/c?

(oY)
-
S

200

B~ Kutp”

100

LHCb _
Only 2016 dataset

5200 5400 5600
m(K ' utu) [MeV/c?]

But probably impossible

todo B — Kvv at LHCb
(see Belle2 talk by Meihong Liu)

¢08T10(0C02)SCT Tid
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-002.html
https://indico.cern.ch/event/1485702/contributions/6583164/

The B — K*uu dataset

JHEP 09 (2024) 026

106 .I_I I I I I I I I I I I I I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I I I I I I I_I.
LHCD 8.4fb~!
104 L —
* Data
~ 250 :T Total 2 ]
5 - —— Signal .
N " —— Background : :
N — ~ —
> 200 -l Local amplitudes : .
(05 - 1 particle nonlocal .
— 150 '_f amplitudes -
- - 2 particle nonlocal : i
— B amplitudes .
» 100 b Interference ~
a2 N .
= sof ¥ : i—
S - \
= B :
O O T ...........
JE N = S hg 2
<E 2 1 deE Y TE O3
I Q| \T 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ,\I I 1 1 1 1 I 1 |Q 1 1 Q 1 Q 1 1 I 1
0.0 2.5 5.0 7.5 10.0  12.5 150 17.5

g% [GeV?/c?]
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The B - K*uu dataset

Deviation in Cq Wilson coetf confirmed by CMS

0.5

B%—»K*u*pu~ ang. obs. LHCb: PRL 125(2020)1,011802
— = 20: P’-LHCb w/o [6,8] GeV? bins CMS: PRB 864 (2025) 139406

—— 201 PU.CMS wio [6,8.68] GeV? bins e @ LHCb has performed several angular
—————— =~ > o o
- analyses with different levels of model
dependence

* 4.7/fb Binned CP-averaged observables
[PRL 125 (2020)1,011802]

0.4 A
\

0.3 A 1

I

I

4 1
0.2 ]

0.1+

6C10/C3Y)

0.0

° 4.7/fb Ampl.Ana based on z-expansion
[PRL 132 (2024) 131801]+ [PRD 109 (2024) 052009]

—-0.1 A

-0.2 1

° 8.4/tb Ampl.Ana with dispersion model

03 [JHEP 09 (2024) 026]
SuperIso Fit by T.Hurth et al arXiv:2508.09986
-0.4 r T i

-0.4 —6.3 -0.2 -0.1 0.0 0.1
6Co/CEM

@ Anomaly in Cg not covered by fit models

allowing for long-distance effects
Long distance effects from b — scc

under debate in the literature /

[arXiv:2507.17824] and many others 14
C C

b > > S

Martino Borsato - U. Milano-Bicocca 17


https://inspirehep.net/literature/2960183

BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

@ New comprehensive analysis measuring
model-indep angular observables in ¢~ bins

@ Using full Run 142 dataset (8.4/fb)

— doubled stat compared to previous analysis

d*r

dg? dQ dmg, I +1

Martino Borsato

/

Ang. observables

x )" 5(g>) (D) | BW(my,)

"

- U. Milano-Bicocca

Spherical harmonics

8

(=3
(=}

Candidates / (10.6 MeV/¢2)
D
(=]
(=]

Candidates / 0.04

See CERN talks by
L.Carus and M.Smith

5D fit in large g° bin 1-6 Ge V>

< 200

' 11< q2<6l40 GeV¥/ ¢t '
0, 10 . .
BB Preliminary

to separate
background

_________

T
LHCb
8.4 b

B mass peak

Q

S 180
> 160
%140
é 120
£ 100
© 50

60

J 40 E

T T T
1.1< <60 GeV¥c
B+B°

Preliminary e 3

5400 5500 5600

5700

m(Kuu) [MeV/c?]

1 1 1 1
-1 08 06 -04 -02

1 1 1 I L =
0 0.2 04 0.6 0.8 1
cost,

1.1<q2<60GeV¥c*
B'+B°

Preliminary

O 1 1 1 1 1
-1 -08 06 -04 -02 0

1 1 1 1
0.2 04 06 08 1

cosb

43450
Q

S 400
&350
3 300
2250
Z

§ 200
g 150
g 100
O 50

0.95 1 1.05
m(K ) [GeV/c?]

= m(Kn)

= explicitely

1 included in

i the model
18


https://indico.cern.ch/event/1571894/#143-lhcb-status-report
https://indico.cern.ch/event/1584446/

LHCb-PAPER-2025-041 (in preparation)

- e B dBr/dg? determined
G I _ r etermine
>0 LHCb 8.4 fb’' _ ot )
Q B _ simultaneously with the
O 0.15 SM from FLAVIO (BSZ:2015) ]|
= L ] angular shape
S, SM from EOS (GRVDV:2022) |
(_\'g 0 1% Prehminary - @ Allows result to be
i ) independent on the
© - ) angular distribution
— ==
0'05: == il =] @ Also provides full
| Confirmed undershooting SM | correlat.lon mat.rlx for
o global fits of Wilson coeffs
0 5 10 15
q? [GeV?/c*
BSZ:

[arXiv:1810.08132] )
JHEP 08 (2016) 00g] Check CERN seminar

GRvDV: for all preliminary

LEHPé(I; ?)é (éggg)) 5122]] results (plots, tables)

Martino Borsato - U. Milano-Bicocca 19


https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCb-PAPER-2025-041 (in preparation)

Here a couple of examples of the fitted angular observables

/M ' I [ s T T T T T T T T T
2 . “ i -1 ]
- Doy -~ P i |__|SM from FLAVIO (BSZ:2015) -
SN—’ m | -
! % s @_:; 2= 0,2%":{" FE23 SM from EOS (GRvDV:2022)
I | e Preliminary -
0 —— Op ]
H R | - @ = -
B k3 LHCb 8.4 fb’! _ oal = % b
I HH |__|SM from FLAVIO (BSZ:2015) | | ~ = |—:0:—|_}H
i B2 SM from EOS (GRvDV:2022) _0 .4 "“““"ggggggg; HH ]
_ N R S B _ I R B

050 5 10 15 0 5 10 15
¢? [GeV?/ct] g* [GeV?/c4]
@ Several fit configurations to extract max information with best
sensitivity (e.g. assuming or not m, = 0, allowing or not Acp) Check CERN seminar
for all preliminary
[Ba?)%i-V'1810 13 @ Also fitting optimised observables (e.g. Ps) results (plots, tables)

[JHEP 08 (2016) 098]
GRvDV:

[EPJC 82 (2022) 569]
[JHEP 09 (2022) 133]

Martino Borsato - U.

@ Shown here: fit with “partially massive model”
(S = 355 but §§ # — S7) and no CP assymmetries

Milano-Bicocca 20


https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCb-PAPER-2025-041 (in preparation)

Halved ¢” bins to have better resolution on observables g* dependence

/M ' ' ' ' ' ' [ ' ] ' ' ' ' ' ' & [ ' ' ' ' ' [ ' [ ] ' ' ' i
< 05 47 o4 LHCb 8.4 fb"! h
i 2 M 5 Hle - i [7] SM from FLAVIO (BSZ:2015)
i % = @ HEHS 0.2§ @Il B2 SM from EOS (GRvDV:2022)
) e Preliminary 1 of Preliminary
i LHCb 8.4 fb_ | _0.2__ \5_ g I_I_|_E
I [0 SM from FLAVIO (BSZ:2015) | i HH S R = =
i B SM from EOS (GRVDV:2022)  _ _0.4l- i ]
os_ v I B A B
0 5 10 15 0 5 10 15
g* [GeV?/c*] g* [GeV?/c4]

BSZ:
[arXiv:1810.08132] )
JHEP 08 (2016) 00g] Check CERN seminar

GRvDV: for all preliminary

LEHPé(I; ?)é (éggg)) 5122]] results (plots, tables)

Martino Borsato - U. Milano-Bicocca 21


https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

@ Fitting also S-wave component and S/P
interference observables for the first time

» 03 -
=~ LHCb 8.4 fb’!
0.2 B h
B N
: %+ < 3
0.1 —— B - .
AN s s
HH )
" Preliminary
_Ol L L L L | LT 1 I | L L L L | L L L
0 5 10 15
g [GeV?/c4]
E—‘ ! | ! ! Y ' | | T u T T T T T
“ 04l LHCbD 8.4 fb’! ]
0.2 .
SEL o HH
—0.2% = a N
i S s
04 Preliminary | .
0 5 10 15
q* [GeV?/c4]

Martino Borsato - U. Milano-Bicocca

—
Lwn

“

L T ' | B U U (R o 5 i — T ' T T T T T T T T T ]
0.4 ,_I_._I_. LHCb 8.4 fb™! 4 = o4f LHCb 8.4 fb™! s
0.2 1 HH . 0.2 H .
# HH e amm ! = -
O ~ ] OF}_—| T = - 1
» n . : :~£ . 7]
~0.2F 5 a - ~0.2F 5 & -
i S = i S =4
04 Preliminary | § ~04C Preliminary | g
0 5 10 15 0 5 10 15
q* [GeV?/c] g [GeV?/c4]
T T T R " P EQ i — T T T T T T ]
0.4 LHCb 8.4 fb’! 4 = oab LHCb 8.4 fb™! ]
0.2 . 0.2 .
O—"I"--:“:I!—?—' '_I_' _ O_J_ |—I—|I HH + 1
R 2 n i 1 : 2 a T
~0.2|- e da - ~02f = 4 ]
B S > [ S >
~04- Preliminary ] ~04- Preliminary ]
L L L L | L L ! 1 | L L 1 1 | L L L L L L L | L L ! ! | L L ! ! | L L L
0 5 10 15 0 5 10 15

g [GeV?/c4]

g [GeV?/c4]

Check CERN seminar for all
preliminary results (plots, tables)
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https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

® CP asymmetric angular observables measured:

LHCDb-PAPER-2025-041 (in preparation)

no significant CP asymmetry observed

s 04— | — T T |
< I LHCb 8.4 fb! ]
- |__|SM from FLAVIO (BSZ:2015) -
0.2 B3 SM from EOS (GRvDV:2022) |
OE-| T T - I—T—||+
== L L — =
- /5] ]
i I—I—| - = %) ]
L = g 4
—0.2[~ S > ~
| Preliminary ]
—04 P S S R (T S S B P
0 5 10 15
g* [GeV?/c4]
<t 04 T T T T T T T T T
<~ 0 LHCb 8.4 fb! 1
- [__|SM from FLAVIO (BSZ:2015) A
0.2r- EZ8] SM from EOS (GRvDV:2022) |
0 l_--_|+ - T . T |
S = M AR
L = n 4
B = g 4
[ Preliminary ]
_04 TR S TR SR N T SR T SN ' P B
0 5 10 15

q* [GeV?*/c4]

Martino Borsato - U. Milano-Bicocca

& m 0.4r— | T T
< [ LHCb 8.4 fb’! ]
- [__|SM from FLAVIO (BSZ:2015) -
0.2 -
i B3 SM from EOS (GRvDV:2022) |
_|'I'| - :
T = 1 I
O_ I%! n e |+| z}\ B %_‘
[ e S ]
—0.2 S = _
L Preliminary ]
_04 ) ) ) ) | ) | 1 | | 1 ) | | | ) ) )
0 5 10 15
g* [GeV?/c4]
v 0.4 T T T T T T T T T
< 0 LHCb 8.4 fb’! 1
- [__|SM from FLAVIO (BSZ:2015) A
0.2 ]
i B3 SM from EOS (GRvDV:2022) |
e M I = SIS
_-l- —e— L L a /X1 1 |
A - n i
L = a 4
—0.2 S = _
[ Preliminary ]
N 1/ S — P S S N
0 5 10 15
q* [GeV?*/c4]

o

<

Check CERN seminar for all

04— | T T |
i LHCb 8.4 fb™! ]
- || SM from FLAVIO (BSZ:2015) -
0.2 28 SM from EOS (GRvDV:2022) |
Oml T 1 T' I e %' M —— IL
B L 7 e
a - n i
a = a 4
| Preliminary ]
Qg1 T R T T T
5 10 15
g* [GeV?/c4
0.4 | — T T |
i LHCb 8.4 fb! ]
- [__|SM from FLAVIO (BSZ:2015)
0.2 28] SM from EOS (GRvDV:2022) |
(s S
- L 2 R
i HH 2 2 ]
i = Q i
- Preliminary | ]
04— e
0 5 10 15
q* [GeV?*/c4]
23

preliminary results (plots, tables)


https://indico.cern.ch/event/1584446/
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@ New result consistent with previous LHCb measurement (superseded)

® Also consistent and more precise than latest CMS measurement (140 fb~1)
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LHCDb-PAPER-2025-041 (in preparation)
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Wilson coefticients fits

LHCDb-PAPER-2025-041 (in preparation)

@ Can fit Cy Wilson coefficient to angular observables and Br

* Precise results depend on fit setup and treatment of non-local
effects — take it with a grain of salt

* Many predictions available, just two sets compared here

@ Anomaly wrt SM persists and gets more significant

—— LHCb 4.7 fb™' 0S \ —-== LHCb 4.7fbj Preliminary
201 —— LHCb 8.4 fb™! Preliminary 04 —— LHCb 8.4 fb

8 EOS: EPJC 82 (2022) 569 0 Flavio: arXiv:1810.08132
C 1.5 Q
2 4.00 from SM (EOS) 3 4.10 from SM (Flavio)
s D
= 1.0 | -
2 ’,”
< ’,f’
05 " LHCb
flavio v2.6.2

00 h T T T T T T T T T T T
—-2.0 —-1.5 —1.0 —-0.5 0.0 0.5 1.0 1.5 2.0 —-2.0 —1.5 —-1.0 —0.5 0.0 0.5 1.0 1.5 2.0

ARe(Cy) ARe(Cy)

All observables and corr matrices will be provided in HepData
Is this information in g bins enough for theorists to play with?
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Comparison to unbinned LHCb analyses

- 2
ff 2\ —
\CS,A (‘1 ) = C9S M+ AG + H,(q%) Y
- Flavio fit to binned analysis (8.4/fb): ACy = — O.94J_r8% i)
- Model with z-expansion (4.7 /fb): ACy = — 0.931“8:23 (i)

- Model with disp.relation (8.4/tb): ACy = — 0.71 £ 0.33 (iii)
- Differences in ACy value and significance expected

- Non-local contributions effect very degenerate with ACy

(i) LHCb-PAPER-2025-041 (in preparation)
(ii) [PRL 132 (2024) 131801]+ [PRD 109 (2024) 052009]
(iii) [JHEP 09 (2024) 026]
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BY — K*uu analysis with disp. relation model

@ Unbinned amplitude analysis
of entire ¢* spectrum

® Local form factors

constrained from combination

of LCSR and LQCD
Gubernari et al, JHEP 09(2022)133

@ Dispersion relation model for

long-distance contributions to
Ceff
9

LHCDb, JHEP 09 (2024) 026
106 .|_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I -l
LHCb 8.4 fb"!
10% - h i
e Data

~250 Total 1: -
Tb - —— Signal ‘ E
o — Background : :
> 200 - Local arrlllplitudes E
{B 1 particle nonlocal -
— 150 F amplitudes : -
s Fl | 2 particle nonlocal ]
g B amplitudes i ]
» 100 __x --------- Interference ~
L [ : ]
—‘é‘ 50 [ N
5 UL M A M
S ; ]

] S =S /- =
I Q| b:/; 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 §| I 1 1 1 1 P~I \;lQ:;' |QI |Qi 1 I 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

q* [GeV?/c?]

Non-local contributions

cC

Cgeff,ﬂ (qz) _ Cg 4y qug,z <q2) n Yczép,z <q2> +Y. (qz)

Determined at

negative g°
Asatrian et al
JHEP 04(2020)012
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Includes: Includes: b— sttt
@ (782), w(2S), DD non-local
p(770),  w(3770), D*D C.Cornella et al
$(1020), w(4040), D*D* EPJC 80(2020)12,1095

Jy,

w (4160)
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BY — K*uu analysis with disp. relation model

s Total

Local only

LHCb 8.4fb~!

14 16 18
¢ [GeV? /]

@ Fit determines 150 parameters including short
distance WC non-local contributions and local
form factors

@ Non-local contributions have significant impact
on observables

@ Effect not fully degenerate with NP contribution
to local Cy, but anomaly reduced to 2.1c

Martino Borsato - U. Milano-Bicocca

JHEP 09 (2024) 026

LHCb 8.4fb_1 = Total
Total

SM from GRvDV

. SM WCs

14 16 18

¢ [GeV?/cY
I T IR L L B B B B
N i LHCb84fb™t 1

Lo |

_4 B {\\ BN 7
-——3\\—\ —T\ ——————————————————
-5 ! -
-6 | | .i | _ [ ]
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Future prospects

See talks from Simon and Arianna
for the theory perspective

@ The data from LHCb (and CMS) can
give more inputs

@ Huge BT — K" uu dataset allows
sophisticated analysis of g* spectrum

o Extend B® — K*uu disp.relation
method to CPV observables

@ Sophisticated analyses of the
complementery B, — ¢uu channel

@ Dataset on tape for LHCb and CMS is
much larger than what is published

Martino Borsato - U. Milano-Bicocca

Candidates / (44 MeV/c?)

14
12
10

dB(B) — ¢utu)ldg? (GeV—>c?)

S N B~ N
TTTT

LHCb, EPJC (2017) 77 :161

E LHCh

T  —e— data

3 fb!
total

short-distance
resonances
interference
background

x 1078

1000

2000

LHCb, PR
T 1

4000

3000
miee [MeV/c?]

L 127 (2021) 151801

Thp

—3— LHCb 9fb™"

LHCb 3fb™
. SM (LCSR+Lattice)
" SM (LCSR)

SM (Lattice)

Y(2S)

5 10

15I —
g2 [GeV?/c*]
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Growin

Latest K*uy published with Run 2 (140/fb)

T T T T T T T

2010, 7 TeV, 45.0 pb~!
2011, 7 TeV, 6.1 fb™
2012, 8 TeV, 23.3 fb™"
2015, 13 TeV, 4.3 fb™
2016, 13 TeV, 41.6 fb™!
2017, 13 TeV, 49.8 fb™"
2018, 13 TeV, 67.9 fb™!
2022, 13.6 TeV, 41.5 fo™
2023, 13.6 TeV, 32.7 fb™
2024, 13.6 TeV, 122.2 fb™
100 | 2025, 13.6 TeV, 111.2 fo™

CMS

—

(&)

o
T

Total integrated luminosity (fo™)

Apr May Jun Jul Aug Sep Oct Nov Dec
Date
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o datasets

Integrated Recorded Luminosity (fbo™)

Latest K*uy published with Run 1+2 (9/fb)

—_
()

— 2025 (13.6 TeV): 10.53 fb™"
— 2024 (13.6 TeV): 9.56 fb™"
— 2023 (13.6 TeV): 0.37 fb™"
— 2022 (13.6 TeV): 0.82 fb™'

— 2017 (13 TeV): 1.71 fo
— 2016 (13 TeV): 1.67 fo

— 2012 (8 TeV): 2.08 fb™

(

(

(

(

— 2018 (13 TeV): 2.19 fb™
(

(

(

— 2011 (7 TeV): 1.11 fb™

Sep Nov
Month of the year
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BT — K™J/y to validate Run3 d

LHCb-PAPER-2025-040, in preparation

® SM candle with no new physics
expected and large stat

@ Measured Apg and Fy; differentially
across kinematic using data from 2024
run with pileup y=5.3

@ Validated b — suu analyses with Run3

@ Systematics 5-10 times smaller than stat

1 dr 3
T dcos 0, T4
E 0.003 _ Preliminary T ‘ LE 0.006
0002 _ ? — 0.004
0.001 — i} _ 0.002 |
P S N I B )
I I ~0.002 |
~0.001 F — |
' 1 _0.004
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Candidates / (6.50 MeV/c?)

M
s

I Data

Model

77 Signal

== BY*->atJly _
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00

=—(1-Fy) (1 —cos?6,) +%FH+AFBCOSQK

- Preliminary

5600 5800
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Angular analyses in b — se™e”

@ Angular analyses of b — see channels now
allowing LFU tests also in the angles

® B — K*ee angular analysis JHEP06(2025)140

- Higher statistics, Analysis in central g* bin

® B, = @ee angular analysis  JHEP07(2025)069

- Lower stat but cleaner, Analysis in 3 g° bins

JHEP06(2025)140
i JHEP07(2025)069 N [ T T T T T T T T T:
= F A — 4 B® = K*%¢*e~, LHCb 9 fb! -
\/O 8 B LHC(];) O fb ] % - === B0 K*O/f,u_, LHCb 4.7 fb! II -
O - B,—¢ e'e o N -
i ! B _)z Z i_ i 3  Interpreting angular analyses ,:11 -
0.6 - I Standard Model - i /
B ] b ]
04 . N i
0.2 + ] 1 -
0 ] : . _

0 5 10 15 0

¢ [GeV?/c4]

Electrons confirm shift in Cy observed in muons (LFU)
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Semileptonic b — d£'t

1 x10” PRL 128, (2022) 041801
2 . - COnItOllI'S ICOITCSIPOH ItO I0, I 0, I (4 I_‘I regiolns | | | —
® Afurthe.r |V, IV, |7 ==~0.05 ool oOTRIRIe LHCb ]
suppresion of decay rates w.r.t. b — s o5k s’
- Starting to explore the b — d frontier ? oal b
® Leptonic B, — uu is almost at reach of i‘% 0.3~ -
experimental sensitivity 0.2 -
0.1 ]
@ BT — ntuu measured with Run 1 - Ix10™
. 0
dataset at 13% stat precision 0
® Many ongoing b — d¢¢ analyses. We NB™ - aup) =94+ 12

are about to enter the precision regime
(time-dep, angular, ...)
— Stay tuned for upcoming results

@ Can we learn something about long-
distance contributions by comparing

b—dft and b — s ?

Candidates / ( 30 MeV/c?)

I 156OOI J I5800 ]6000
m(mrutn) (MeV/c?)
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Conclusions

® Experimental progress on radiative leptonic decays

- Upper limits close to SM predictions for B — £vy,
B — tvl'¢" and B, — puy

- LHCb can contribute to B — £vy (although it’s very hard)

* Good prospects for Belle2 and LHCb-Upgrade to observe
these decays for the first time

@ Status of b = suu analyses
- Huge datasets from LHCb and CMS
* Sophisticated model (in)dependent analyses

- Can we tame the long-distance contributions using data?
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Effective theory interpretation

Y S
¢ zoom out b
ZO VA to E < mW Lﬂ+
£ /-
, my,
00 =5, Py )P dipole & — 5
e
EFT below EW scale: A _ o _
1 09 — (S}/ﬂPL(R)b)(f}/'uf) vector
4 eff — (3 4 TeV)2 Z CiOi 0() (SyﬂPL(R)b)(fyﬂySK) axial-vector
i
O = 5y, Pra,p)(£Y) scalar

O]() = (57, PR(L)b)(fysf ) pseudo-scalar
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Experimental probes

() () () ()
¢’ G C, C
@ Radiative b — sy v

® Semileptonich - s€7¢~ | &

» Wilson coetficients are complex valued

e SM quark current mostly left-handed, but need to
constrain BSM right-handed Wilson coefficients C”’

« SM is LFU but one should consider the lepton-
flavour dimension C¢ # CH £ C*

See previous talk by Paula Alvarez Cartelle
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Radiative b — sy

Left handed C; = C;M + C*

® BB — Xy) x C72 + C§2

* 5% precise prediction [1]

* 5% precise from B-factories |[2]
(Very hard at LHCb)

@ Im(C;) measured with Aqp
- B — K¢n'y at B-factories

- Tagged time-dep. analysis
of B, = ¢y at LHCb

[1] M. Misiak et al JHEP 06(2020)175
[2] HELAV average of BaBar and Belle
[3] LHCb PRL 123 (2019) 081802

Martino Borsato - U. Milano-Bicocca

Right handed C; ~ C;"F

@ Mixing-induced CPV in
B — KSﬂO)/ at B-factories

@ Al induced rate asymmetry
in B, = ¢y at LHCb

@ Angular analysis of
A, = Ay at LHCb -

@| Transverse asymmetries in 5]
B — Vete™ at LHCD

-> the most sensitive

[4] LHCb PRD 105 (2022) 1051104
[5] LHCb JHEP 12 (2020) 081

and JHEP 03 (2025) 047
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https://inspirehep.net/literature/1778760
https://hflav.web.cern.ch/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-015.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-030.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-020.html
https://doi.org/10.1007/JHEP03(2025)047

b — syin B’ —» K*¥ete™

LHCb JHEP 03 (2025) 047

95% CL constraints
1.0 :

Constraints at 2o
—— B(B — Xs7)

----- BY — K*%e¢te~ (LHCD)
BY — K*%¢te™ (Belle)

5

\\“ BY — Kgﬂ'o’y

O 0

= Bs — ¢y

~ A) — Ay
Global

—0.5 1

flavio v2.5.5

-1+t
—1.0 —0.5 0.0 0.5 1.0

Re(C7/Cr)
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https://doi.org/10.1007/JHEP03(2025)047

B" — K*uu angular analysis

LHCDb-PAPER-2025-041 (in preparation)

Angular observables
S, : CP average
A, : CP asymmetries

d*T 1 ~\ 9 - 2
_ 1—r)— s — AV i) |z, (m N
0 o _ , include
o 3 (5i-A)ASD) | B (i)
Measured also all S-wave and | lac,2ac
P-/S-wave interference observables ~ ~ —> g
+— %e/]m[ i —A) f(QBW g (mg,) BW p (Mg, ]
Powave D) (3, = &) £ B s (myz) B (i)
92 TN 1bc, S1-S5
BO K+7T_ M+M_ . . . ° .
K2 (1430) ® BW pis rel. Breit Wigner with Blatt-Weisskopf
Ki700) >-wave ang.mom. factors

® BYW ¢is LASS function with most parameters
thaken from B — KnJ/y (apart from range
parameter r = 1.7 GeV™!)

Check CERN seminar

for more details
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https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

S, is sensitive to strong phases S¢ is sensitive to NP tensor or scalar
C/)l\ | ' ' ' | ] ' 1' [ ' ' ' ] O \O i T T T [ T T T ]
04 Ly U] - 0.4F LHCb 8.4 fb"! h
- [__|SM from FLAVIO (BSZ:2015) - ) [ SM from FLAVIO (BSZ:2015) -
0.2~ B8] SM from EOS (GRvDV:2022) 0.2 B2 SM from EOS (GRVDV:2022) —

';'l& 0_ L —| T - I
| ; a2 :
~ ~0.2f = S .
] i S =4 ]
-Preliminary g ~04- Preliminary N
! ! ! ! | ! ! ! ! | ! ! ! ! | ! | | A A | LY ! ! | ! ! ! ! | !

0 5 10 15 0 5 10 15

¢* [GeV?/ct) ¢* [GeV¥c4]
Check CERN seminar

for all preliminary
results (plots, tables)
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https://indico.cern.ch/event/1584446/

Amplitude analysis of BY — K*pupu

JHEP 09 (2024) 026
151 T X
Yy LHCH 8.4 fh1 s Total 2.0” e [Otal
0d 0 B Total, SM WCs || Total, SM WCs
] SM from GRvDV ng 15. SM from GRvDV
s
£ 1.0
=
Ay
0.5
3
0 2 4 6 & 10 12 14 16 18 o 2 4 6 & 10 12 14 16 18
¢ [GeV?/cH] q* [GeV?/cY
5' 'I""I'i"'l""lI
i LHCb8.4fb™"
Wilson Coefficient results —3r . ! )
Co 3.50 £0.28 £ 0.18 P il ]
Cio —4.02£0.18+0.16 = SR
Cy  0.28£0.41+0.12 L ) ]
Cip —0.0940.21 +0.06 o - ]
Cor (—1.042.6+1.0) x 10? ; |
-6, | | i | - [
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Future runs and Upgrade 11

upgrade 1 installation
/

you are here

202 2022 2023 2024 2025

J|FIMAM 1[3]Als|oN|D] 3] FIM[AIM] 3] 3|A[S|OIN|D| 3| FIMAM] 3] 3]A[S|OINID| 3| FIMIAIMI 3| 3]A]S|OIN[D] 3] FIM[AIM] 3] 3 |A[S|ON[D] J[F
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203 203 203 203 203 203
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Run 4 [Runs
upgrade 2 installation

2039 2040 2041

J[FIMAM] 3] 3]Als|oNID| 3] FIM[AIM] 3] 3] AlS|OINID| 3| FiM[AIM] 3] 3]AlS|OIN[D LHCb V1:

Last update: November 24

EYETS
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Shutdown/Technical stop

Protons physics
Ions

Commissioning with beam
Hardware commissioning

- 2010-2012 - Run 1, 7/8 TeV
- 2015-2018 - Run 2, 13 TeV
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Int.J.Mod.Phys. A 30, 1530022 (2015)

The LHCb experiment in Run 1-2

LHCb detector design

Huge o(pp — bbX) at the LHC

— 10'? b-hadrons in LHCb
acceptance in Run 1+2

Hardware trigger on object
with p exceeding 2-3 GeV
Displaced vertex identification
in software trigger stage
Dipole magnet with precise
tracking detectors 6,/p ~ 0.5 %

Particle ID with calorimeters,

muon system and Cherenkov
detectors (RICH)
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Zoom on pp collision point

Tracking
Stations

Magnet




