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BT — uvy: why?

B™ — uv, decay

helicity

suppressed _ ;+  Suppressed by V,;, + helicity mZ/im; Test the SM
BT V Very precise prediction (just fj) measure V,,,

v, Theory:BR = (3.8 £0.4)x 107’ search for H*, LO

Belle+Belle2: BR = (4.4 £2.1) x 107’

Phys.Rev.D 113 (2026) 11, 112012

(. A

B™ — uv,y decay

Suppressed by V., + hehe}t—y + Oy Stlldy B+ meson

Depends onb — / form factors to improve predictions
. . —6

Theory: BR = 6(10 % for other channels

Belle: BR < 3.0 x 107 at 90% CL

_/
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https://inspirehep.net/literature/3118119

BT — ¢Tvy differential rate

® The differential decay rate can be parametrized with E, and cos 6,

@ When integrating over cos 6, it reads:

Includes FSR term
dlC  a. G2V, | 2E, 1
o = > MmpL., | Vl | Fy ]
dE}, 671' Mp

With F VA) the (axial-)vector form factors that depend on:

FV»A(Er>=22ﬁZZ>R<E”” )+ ( )= (E )

N

Tree level factorisation, Depends weakly Power suppressed
depends on 1/4; on LCDA shape by 1/mjy, and 1/2E,

N.B.: Power corrections blow up for E, < 1.5 GeV
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Extracting A, from B — vy

M.Beneke et al JHEP 07 (2018) 154

BR(B - Y{Vf)Ey>Emin X 106
'OJ BN (@)

T TTT
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S 04Ff

LCDA shape depends mainly on value of 6,
which enters the BR within R(E,, i)

0.7

0.7 T

0.6; Model | 1 06 Model Il & 06- Model llI
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104l 103r

L So02:

] 0.1 ] 0.1

0.0

D.van Dyk et al JHEP 10 (2022) 162
LCDA parametrisation with expansion
that keeps truncation error under control



https://inspirehep.net/literature/2059530

The B meson LCDA and 4,

@ Inside the B™ meson: b quark at rest, u quark has momentum w
along the light-cone

@ The ¢ (w, p) light-cone distribution amplitude (LCDA) is the
amplitude to find the u quark with momentum w

@ Any b-quark decay in QCD factorization is convoluted with this
soft universal function (same for any exclusive B decay)

@ The LCDA is mainly characterized by its first inverse moment

(©9)

L dw
Ag (1) =J 7¢+(60,//l)

0

@ The parameter Az is very poorly known (0.2-0.6 GeV)

although Lattice calculations are being developed
(see 2302.01298, 2306.05904, 2308.07033, 2605.10946, ...)
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Form factors and LCDA

® B form factors predictions are key

« Lattice QCD: robust, but slow and
hard to do at low g?

- LCSR: broader reach, real caveats,
but often the only option

@ The B-meson LCDA (esp. A_B) is a
recurring bottleneck

* B-meson LCSR: dominant parametric
uncertainty (B—m, K, o, A_b—p)

- QCD factorisation for nonleptonic
decays (B—mnm, K, ...)

- Feeds exclusive |V ;| (and |V, |)
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MITP discussion session

Ingredients of b2sll theory

ingredient #1: parametrisation of the local FFs:
solid
ingredient #2: values of the local FFs: not solid
yet, but improvable (B->K: soon, B->¢: ?, B-
>K1r: in design phase, B->K*(NWA):
fogettaboutit...)
ingredient #3: parametrisation of the nonlocal
FFs
g2-expansion(small g2 far below J/psi only)
z-expansion(q2 < 4MD*2)
ingredient #4: values of the nonlocal FFs
- OPE leading power (LP): purely partonic
OPE next-to-leading power (NLP):
real parts: start at 1-loop (order alpha_s”0);
2-loop results are known at LP
imaginary parts: start at 2-loop (order
alpha_s”1)



BT — uvy: 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
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https://inspirehep.net/literature/1701180

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

Full reco of
29 channels

— si
tag ¢ 4

® Full reco of B, € ~ 0.8 % @ y conversion in material (7%)
: — get BT displaced vertex

\/' 2
S
— (Y _3 M 2. — p2 = <p — Dy — )
. s — P miss v B 4 Px - 2 + 2
sig 2 tag sig mcorr = \/mViSible (ﬂ yee) +pl +pJ_
11 1ve
- Phys.Rev.D 98 (2018) 11, 112016 — A NEW I',a.r.x.l‘.",2.6 071,2825
) oY .
11 Data = LHCD 5.4 b1
. q-) 7
40- Fi, = }  Data
= T Remaining S Fit
i N [0 Template uncertainty |
52302 — B Xudy, Py — B > e i
= 1 — B"—1%u'y, f_é —— B = 1 e
— - 0
Bog]l — BY = vy = n oy
B = Bt misidentification
Jg l O RS VT N I
= 10 ‘ l l %0 ——
O_— T I T . a8 l —[— T : S O Cl 1 1 1 I 1 1 1 i_'_; I_l* 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1
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https://inspirehep.net/literature/1701180

Also B — uvy in LHCD

CG\ 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
O
= LHCb 5.4 b -
o 200 - -
= { $ Data 1
3 — Fit T
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. ] T = Yeey 1
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N S S e pptebl bl DDt
5 | ITI 1 1 1 l 1 1 1 l!!lrl 1 l*l*l 1 1 1 l 1 1 1 1 l*l‘l‘l‘l

4000 4500 50001 5500 6000 6500 7000 7500
mcorr(,u+’yee> [MeV/C2]

BY — uvy

BT — uvy

Theoretical predictions:
BR(BF — utvy) ~[2, 8] x 107>

[19] Chiladze, Falk, Petrov, PRD 60 (1999) 034011, hep-ph /9811405
[20] Colangelo, De Fazio, MPLA 14 (1999) 2303, hep-ph /9904363
[21] Chang, Lu, Wang, Zong, PRD 60 (1999) 114013, hep—ph/9904471
[22] Barik, Naimuddin, Dash, Kar, PRD 78 (2008) 114030

[23] Wang, Zhu, EPJC 75 (2015) 360, arXiv:1501.04493
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@ Can also search for Bf — uvy
* Never been searched for!

- Useful to study B meson
structure? The only weakly
decaying meson composed of two

heavy quarks.
- Expect similar rate as B* due to
2
o 1Vl
fu Vel

* 10x lower efficiency due to
7(BF) ~ 0.3 X (B™)
* Much lower background under the

peak — a future dedicated search
could greatly improve sensitivity



Dataset and selection

® Run 2 pp data (2016-2018), Vs = 13 TeV, 5.4 tb™
@ Hardware trigger based on high-p muon or electron

@ Three classifiers against the main background sources:
+ XGBoost vs combinatorial (topology, kinematics, vertex quality);

- XGBoost anti-mt° (y_eey_calo mass, cone multiplicity, py
asymmetry); Also, no bremmstrahlung recovery used to avoid
adding back the energy of the other y from the 7"

- Isolation BDT vs partially reconstructed B decays based on
nearby tracks

- working point optimized on the expected UL: 98% background
rejection at 22% (8%) efficiency for B* (B))
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Normalisation

e - e e e e s Tt
o Normalised to B’ —» K *Oyee §150 3 LHCh 5.4fh-1 -
o - i
) = - ¢ Dat _‘
@ BR known with 6% = 10F — Fi :
. ~ C BO—>K*0 - ]
uncertainty —100F { B Kol
£ - B" — K .
. 75 B N B — K™ ce
® Cancels systematics related = "} m— Combinatorial
to y,, conversion S UF :
- N =616 % 29
@ Photon has similar energy : .

SpeCtrum ! 4750 5000 5250 5500 5750 6000
m(K 1 ) [MeV /]
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Background modelling

® Main backgrounds:
1. Bt - utvn’ with BR=7.8 X 107
B - puTva’(X) and B - uTvn(X)
. Random combinations of 4+ and z°/n
B - h"7%X) and B - h*n(X)

. Random combinations of &+ and z"/5

. Random combinations of A" and y,,

2

3

4

5

6.B — Xh'y,, from b — sy (rare)

7

8. Random combinations of ™ and 7,
9

. Fake conversion y,,

Martino Borsato - Milano-Bicocca U.
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Background modelling

Model using pure sample

. of ﬂf and 77, from data
@ Main backgrounds:
LHCDH 5.4fb~!
1. Bt — putvn’ with BR=7.8 x 107> b Dute :
2. B — uTva’(X) and B - uTvn(X)

— —
() [\
(@) (@)
o o
(a) ()

— Fit
70— vy ]
n—y ]
B Bremsstrahlung 4
B Combinatorial 7]

= 8000

6000

Candidates / (13.6 MeV /c?)

3. Random combinations of 4+ and z°/n

4.B - h*7%X) and B — h*n(X)

5. Random combinations of h* and 7%/

6.B — Xh'y,, from b — sy (rare)

4000

I = ¥,y

2000

100 200 300 400 500 600 700
M (YeeYealo) [MeV/ CQ]

\ next slide
)

Model using data control
sample with no y ID

ut misID

7. Random combinations of A" and y,,

8. Random combinations of y* and Yoo

9. Fake conversion y,, \
\ Negligible after BDT
Negligible thanks to

m(ee) <10 MeV and
double charge in VELO
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Modelling bkg from 7" and 7

~data-driven bkg modelling

@ Procedure to get m

Corr

template for 7°/5

« Search for additional y_,;,

Fit z¥ and 1 peaks (in momentum bins)

Get pure 7V and 5 samples using sPlot

Unfold etficiency of finding y.,;, using

correction map obtained from MC

Get m

Corr

template for all bkg’s from z° and 7
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Modelling bkg from 7" and 7

® Independent closure test

- Use high-stat D — Kry,,
candidates

- Channel dominated by D° — Kzr"

- Pure sample of 7¥ — 7,y selected
only with y,,

- Get m(Kny,,) template using same
procedure
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Template obtained from sPlotted 7° peak

o | L L L B B B B L BB
= HH% LHC 5.4
E S0 X i % % % { ¢ Data -
Q0 - { % 7V Template
? I % Template £10 ]
EPTLds ‘ -
'E L
E :
SN ;
100_— : m
¥ ¢ ¢
é ¢
O YT TR TR S T T T SR SN [T TN TN SN MO (NN TR SR SO T N TR S N Iél’l’l.l’-
1500 1600 1700 1800 1900 2000 2100

mCOIT <7T+fy€€> [MeV/CQ]

;

Pseudo corrected mass
taking into account lost kaon

15



Mass fi1t and result

LHCb 5.4 b~

$  Data
— Fit
Template uncertainty
_B+—>/’L+VM76€
Bj_>,“+y;ﬂ/ee
70— Yeey
= Yee
B " misidentification
L1 1 | bl —} 1 '“’i‘-l-l-l-l-l.-.l—-—l.l.l.-.l.l.l.-.Ll.Ll-l--l—-l—-l—
E"-"I"":-]—""'|""|""|""|""E
5B ) ’L :
o —1] -111111111111111_”'
= I I PP T Y D R ST T N IR P 17 TR
4000 4500 5000 5500 6000 6500 7000 7500
Meon (1 ee) [MeV /7]

@ Binned ML fit to m

COorr

@ Template statistics propagated
with per-bin nuisance parameters

@ No significant excess:
* N(B*->uvy)=32+24,
* N(B_ct—uvy) =13+-s

* 10% anticorrelated

()
1 1 1 1

Data - Bkg. Candidates / (100 MeV /c?)

® 90% CL limits with CLs using 10 AR
pseudoexperiments T LHCb 545671 1
08 X —— Observed |
- === Expected
% (B* = wu,r) <40%107 o =
Ex>1GeV !
0.4 F
P (Bj — ,u+1/ﬂ;/) <1.6x107 _
Ex>1GeV 0.2
90070, 10 eeeenn. . I S ........cciii s
........ D00, TS
0.0 f—mt
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Systematic uncertainties

B(BY = v, y)prs1cev = (1.9 1.5 £ 0.8 £ 0.1) x 107°,
B(Bf =y vyy)prs1cev = (98755 £1.8 £ 2.4) x 1077,

Source B(B™) [107°] B(Br) [10™4]
7V / n background model 0.76 1.01
Signal model 0.21 0.92
Fit bias 0.05 0.23
Muon misidentification 0.07 0.63
Efficiency calibration 0.06 0.32
Selection efficiency 0.02 0.10
Simulation sample size 0.07 0.74
Normalization yield 0.09 0.46
B(BY — K*(892)"y) [46] 0.11 0.59
fa/fe [51] — 2.33
Total systematic 0.80 1.79
Total external 0.11 2.40
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Model dependence

e L
I [ EOS /z=02GeV 1
12000 ] EOS 43=03 GeV ]
i 1 EOS /3=04GeV 1
10000 [ EOS /z=0.5GeV ]
i [ EOS 4z=0.6 GeV ]

- 1 EvtGen LNUGamma
8000 | -
6000 | |
4000 |- .
2000 N

0 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0.5 1.0 15 2.0 2.5

E, [GeV]

@ LCDA model can change significantly
spectrum at low E, and Agp

@ Limited impact on mass signal shape folded
into measurement

@ Model dependence of the efficiency left for
interpretation: maps provided

® Small efficiency below 1.5 GeV means lower
sensitivity to region where QCD
factorization breaks
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Comparison with Belle

LHCb
1% (B+ N ,u+1/ﬂ}/> <4.0x 107
E;‘>1GeV

Averaged over £ = e,

T Belle )
@ LHCb was not expected to i <B+ -7 +vﬂy> <3.0x 10~

‘ . Ex>1GeV
provide input on B¥ — £uy y
Belle, Phys.Rev.D 98 (2018) 11, 112016

© LHCb Run 2 result (5.4/fb) LHCb, arXiv:2607.12825
demonstrates a sensitivity — T T T T T T T
close to Belle result (which = f\ LHCb Stat

—— LHCD Stat+Syst
was using improved —— Belle PRD 98 (2018), 112016
hadronic tagging) 2.0

—2Alog L

—— (Combination

LI ) 1 I LILELIL I LILIL)

® Results pertectly compatible 1.5

1.0

0.5

L1 1 l L1 1 1 l L1 1 1 | l.f.l L1 1 1 l L1 1 1 l

Yo
.
-
-
L]

0.0 -t

-
—_
DO
w2
s

6
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https://arxiv.org/abs/2607.12825

Run 3 potential

® LHCb upgraded and collected
data in Run 3 with X 5 higher rate

® Upgraded to software trigger

* no hardware trigger bottleneck for
electrons

- Dedicated software trigger for
B — uvy,,and B — evy,,

» Analysis WID, first observation at
reach (?)
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Recorded integrated luminosity [fb ']

40

35

30

25

20

15

10

Total recorded luminosity — pp — 37.0 fb

Run 3 - 27.89 /b

Run 2-5.90/fb

2018 (13 TeV): 2.19/fb
2017 (13 TeV): 1.71/fb
2016 (13 TeV): 1.67/fb
2015 (13 TeV): 0.33/fb

Run 1-3.23/fb

2012 (8 TeV): 2.08/1b
2011 (7 TeV): 1.11/fb
2010 (7 TeV): 0.04/fb

ch
2026 (13.6 TeV): 5.33/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

Upgrade I

/ LS2

/ LS1 el
v Run2 analysis»

Run 3
analysis
> 5 o
O
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implified interpretation as A

BBJW normalization

8
shape band 6; €[-0.69, 0.69]
— exponential model
7 .
6 .

BR(E, > 1GeV) x 10°
N

LHCb Run 2 UL

Belle |
Belle + LHCb UL

0.20 0.25 0.30 0.35
As(po) [GeV]
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0.40

0.45 0.50

0.8
QCD sum rules 0.46 = 0.11 GeV
incl. g, shape uncertainty
0.7 1 @® experimental only
0.6 A
— 0.51
>
(&
©
—~ 0.4 1
o
2
=
0.3 1
0.2 1 > 0.23 > 0.24
> 0.20
0.1
0.0 . . .
gelle Ccp RUN 2 o X \LKCP

Be\\
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Naive projections

0.8
QCD sum rules 0.46 = 0.11 GeV o =1 GeV
incl. g1 shape uncertainty

0.7 1 @® experimental only

0.6 -
. 0.5 1
>
@)
<,
= 0.4 +0.07 +0.02 +0.01
S 0.34+097 0.3479:02 0.34 001
= R 1 i

1] 1 1

0.2 - > 0.23 > 0.24

> 0.20 [ . [ .
Naive projections with \/ &
0.1 A
0-0 I I I I I 1
pe\\e o RUOD L \ACP Run 3 (ade? a0
ne pelle e LHCD up9 gelle W 50

+potentially measure dI'/dE,
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Measuring dpg”

BBJW normalization

8
shape bar?dlf:;fd[e—lo.eia, 0.69]
S —— exponentia
2 2
dI'  aenGr| Vi 23( 1 2E, T 6
— > Mmpg Y T | Vl + | A | =
dE}, 671' mg x >
~ § 4 LHCb Run 2 UL
%k A
a (E - 3 Re FVFA 53 Belle 4 LHCb UL
FB Y _ 2 A 2 ®
2 |Fyl™+ | F4] ’
1..
. %.20 0.’25 0.2‘30 0.5‘35 0.210 0.;15 0.50
@ The forward-backward asymmetry agg is Aol (G
sensitive to Az and the LCDA shape and it is e,
. o o o . 0.7 1 —— exponential (6, =0 o
insensitive to the normalisation of the form e aes moda
0.6 - 61 = +0.69 (model I1)
factors
0.5 1
@ Better sensitivity than BR for large 45 § o4
W 0.3 1
@ Probably very hard to measure due to €
background modelling in cos 6, o1
0.0 +
0.20 0.'25 0..1'30 O.é5 0.;10 0.215 0.:‘30 0.535 0.60

. . . As(uo) [GeV]
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Conclusions

@ First search for B™ — pu*vyat a hadron collider and
first ever experimental investigation of B — u*vy
ever, enabled by photon conversions technique

o BBt - £Tvy) <4.0x 107%at 90% CL is
competitive with Belle and close to SM

© BBF - Cvy) < 1.6 X 1073 is 20-80 times higher

than SM predictions
@ The published likelihoods + efficiency maps make EOS study inspired by P.Lughausen PhD thesis (Ch 4)
the result reinterpretable for any LCDA model 125 oPE only

‘ [ far future: BR + Arg (Belle Il & LHCb U2)
1.004{

@ Outlook: LHCb Run 3 has a chance of first
observation and a Az experimental determination

0751 |
0.50 1

0.25 ~

@ Farther future: Belle I 50 ab™! and LHCb Upgrade
2 reach ~5% on A_B, with potential for dI'/dE, and

a first apg measurement — measure full LCDA

¢+ (w, 4o) [GeV?]

0.00 A

—0.25 A1

050/ VERY PRELIMINARY

0.0 0.'5 1:0 1?5 2.'0 2.I5 3.0
w [GeV]

Martino Borsato - Milano-Bicocca U. 24



Backup



Belle measurement

4- 68.3%C.L.

39.3%C.L.

6 7 S 9 10
B(B* — 7%*uy,) x 10°
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Be

lle measurement

(a) Bt — e*yy final state

miss

1
(GeV?)

50
' |  Data
gp e Fi
Z 7 — Remaining
O | —— B> X,
Sk U p— Bt = 7%*y,
= ] e
g 1 —— BT —oetuy
220
£7 -
5 1
10-_
(-
-1 0 2
2004 | Data
1 Fit
% | —— Remaining
Rl p— B — X,e'v.
= —— B = %ty
o
2100
£
-
= 50~
0

-1 0

M l%liss (Gev2)

(C) Bt > n’ e+1/e final state
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(b) B* - u+14;y final state

— —
S ct
o o
1 P |

[
o
L 1 l

o
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}

Data

Fit
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B — X, u'vy,
Bt = m'uty,

Mr?ms (Gev2)

(d) BT - 7r0p.+q‘ final state
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