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Probe of New Physics in B = Vete™ transitions

s/d s/d )
g e VectormesonV=gorK "
BO B —-— . ¢/K*O
< —( AN ‘5 e Flavour-changing neutral-current transition (FCNC)
u/c/t
et e SM suppressed: forbidden at tree level
Y, Z°

- e Indirect approach of New Physics (NP) searches for scales
beyond the collision energy: heavy virtual particles could
contribute through quantum loops to modify the total amplitude
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Probe of New Physics in B = Vete™ transitions

s/d s/d )
g e VectormesonV=gorK "
BO B —-— . ¢/K*O
< —( AN ‘5 e Flavour-changing neutral-current transition (FCNC)
u/c/t
et e SM suppressed: forbidden at tree level
Y, Z°

- e Indirect approach of New Physics (NP) searches for scales
beyond the collision energy: heavy virtual particles could
contribute through quantum loops to modify the total amplitude

- )
H.q; = ;thVf; Z C.()O,(u) + Z Ci(wO: ()| +h.c

. Oi(’): type and structure of low-energy interactions

. Cl.(/) Wilson coefficients: strengths, with possible contributions from heavy particles
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Probe of New Physics in B = Vete™ transitions

s/d s/d )
g e VectormesonV=g¢gorK "
BO E —-— . ¢/K*O
< —( AN ‘3 e Flavour-changing neutral-current transition (FCNC)
u/c/t
et e SM suppressed: forbidden at tree level
Y, Z°

- e Indirect approach of New Physics (NP) searches for scales
beyond the collision energy: heavy virtual particles could
contribute through quantum loops to modify the total amplitude

o Effective Hamiltonian in b — s transitions:

- _
H = ZFVﬂ,V;fz D CwOow + ) Clw0ju) | +h.c

. Ol.(’): type and structure of low-energy interactions

. Cl.(,) Wilson coefficients: strengths, with possible contributions from heavy particles

NP: Heavy new particles appear at low energy -> modifications of the Wilson coefficients
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NP in B — Vete™ transitions
s/d s/d

-

0 *0
b W+ - pra across the dilepton mass squared g~
CATATAYAAAYA

: :
u/e/t > . . >
A * At very-low g~ the virtual photon propagator gives a 1/¢g
enhancement of branching ratio: photon pole
/_ s @Z
i

. BY 5 Vete  is sensitive to a number of Wilson coefficients

 The q2 region [0.0001, 0.25] GeV? is dominated by a quasi-real
photon contribution

J/(18) | charmonium
photon 4//7 resonances o
oole * Relevant Hamiltonian:
| \ %(25)
Cy’ b—sy PaY

dl \ Heff x (50, + C50;.
dq? ' l ' ,
0 " 07() dominate because of the photon pole

/ A~ A1)
G, Gy

' Interference !

e (5 — predominantly left-handed photon amplitude

1i1 é 1:5 0> (Gevy) ° (-, — right-handed photon amplitude
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NP in B — Vete™ transitions
s/d s/d

g . BY = Vete  is sensitive to a number of Wilson coefficients
BO QS/K:FO

W+ 5 across the dilepton mass squared g~
CATATAYAAAYA

: ..
bl + * At very-low q2 the virtual photon propagator gives a 1/ q2
€
enhancement of branching ratio: photon pole
0
/— o
i

 The q2 region [0.0001, 0.25] GeV? is dominated by a quasi-real
photon contribution

T/ (1S) | charmonium
M 4//7 resonances o
pole * Relevant Hamiltonian:

\ 1(29)
AL

b— DaY
ol ¢ H'=Y & C,0, + CJ0;.

(;

This study constrains F use of the photon pole
]

/ ) a0

' Interference !

e (5 — predominantly left-handed photon amplitude

1i1 é 1:5 0> (Gevy) ° (-, — right-handed photon amplitude
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Decay angles for angular observables

B’ - K% > K*n7) eTe™ decay:

Direction of K 0

A sketch of the definition of angles O, 6, ¢

Three decay angles —> angular observables related to (5 and C/7 —> virtual-photon polarisation
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Analysis overview

. BY - ¢pete” and B — K Yete™ decays using 2024 and 2025 data
e [wo q2 regions:
« Very-low : mf; e [10, 500] MeV (signal region)
.« B — Vy region: mﬁ < 10 MeV (control channel region)
* Final extraction of angular observables from the 4D mass and angular fit to the differential decay rate:

- 1 Invariant mass distribution: signal modelling + background control and modelling

- 3 Angular distributions: signal modelling + acceptance extracted from simulation + background control and modelling
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The 4D mass and angular fit

- Mass fit: signal modelling + background control

| ' ' ' ' | ' ' ' ' | -

N&) - LHCb A —e¢— Data -
> 30 = 9 fb! ] BY— gete -
é) - Combinatorial _
= BF Bl—> ¢ (- ¢*ey) 3
N = B;— ¢n(—= e'e7y) 7 B
T B Bi— gy (= ete) - Run1+2 results from BSO — ee
% 15 =
S o = arXiv:2411.10219v3
. z
= O 1—“ » ‘]’ ﬂ
U 0 .'.T...T.. .1..-1:.--- w : . . i L1 Le—T= “

5000 5500 6000

m(K"K ete™) [MeV/c?]
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https://arxiv.org/abs/2411.10219

The 4D mass and angular fit

- Mass fit: signal modelling + background control

C - +  r 1 1 =
< _F LHCb |+ Daa E
> 30 - 9 fb_l . I TTTTY B(s)% ¢e+e' ]
2 : : Combinatorial -
2 25 - ombpinatoria =
- Bi— ¢a%(— e*ey) 3
2 20 = | B,— ¢n(— e*ey) 3 0 L
I ¢ B B gy (= ete) S Run1+2 results from B, — ¢pe™e
> 15 =
b - : . .
S 10F ] - arXiv:2411.10219v3
ER: -l- & J 5
5 ? p \ ~]- [ ﬂ
Cc .
> 0 R S I 2.9 855 2. 'u'
5000 5500 6000
m(K"K ete™) [MeV/c?]
- Angular fit: signal modelling + acceptance extract from simulation + background control
a 30 ! ' ' | ' ' ' ' | ' ' ' ' | i : 30 B L L L e L e /l;\ 30 7 ' ' ' | ' ' ' ' | ' ' ' ' |
S = LHCb . = C LHCb u N C LHCb .
S 25F 9fb” 3 = 25F 9ft” 3 = 25F 9ft” 3
I : 5 F : N :
8 20 — = 201 — s 20 ]
2 _ ] e, _ i - _ ]
= - - S - - R - -
T BE E s PF + E 5 PEL T 17
< — - U — —— —— —e— - C% — -
5 - - 5 T + ..................... el \Tlé 5 Enrt+_*+ ...... ‘ ... j .................... + *4‘.-.5.
0 O:' ““““ L | I ...."n: 0 E L . L L l | l ]
0.5 0 0.5 -1 -0.5 0 0.5 1 0 1 2 3
cosf, cosf @

17/07/2026, 17th Edition TESchool


https://arxiv.org/abs/2411.10219

Very-preliminary results e 111 2024

| T FTa & Fa!
Why does Run3 matter? T | LHChuofic —— Model -
= 30 - 6.48fb” === Sigmial s

ﬁ i Bl B - dneey)

o B B, — ¢n%eey)
g. 20 / W B, — 7%y

e LHCb Run1 + Run2: 9 fb-1 = [ _I_ v B; — ¢n(yy)
5 10k :I. Combinatorial -
% -_I__L'I' f -+ Data i
» Total signal yields ~100 n P 1 :

_____ T i

g:.!..'..'..'...l..'..'..'.....l ........... L L L .. 5
» Results compatible with the SM = 0 =
s e

* Mainly limited by statistical uncertainty 4500 4750 5000 5250 5500 5750 6000

m(ge*e™) [MeV/c?]
Fit 2025
« LHCDb 2024 + 2025 data: >17 fb-1 I AR AR AR RERARAARARRRARRRERARN
'1; -  LHCDb unofficial - M‘)dd .
- : : > [ 11.38fb" j\ ~~~ Signal

» Total signal yields > 5 times than before < T ) B — ¢nfeey)
o 4 X Bs— ¢n'(eey) ~

- . . g | } i B, ¢7%(y7)

* EXxpect statistical uncertainty to be improved by more than a factor of two =— | f By — é1(77)
2 20 = 'l' y’ Combinatorial -
. . . E -I' | -I- T+ F + Data :
—> stronger constraint on pholorisation SR s e A A X _
A (S)_ll ........... ll-_'
. E 0 :_'._._._.,'_'_H_L____.,__'_.P,____-_'__'_'_H_.__'_'__'_'__f____.l..,.,_.E
Work in progress, Come baCk Iater -5 EuE e e e S R e R e e 8 e

4500 4750 5000 5250 5500 5750 6000

m(ge*e”) [MeV/c?]
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Backup



s/d s/d s/d s/d

—— — n >
0 B K*O 0 ) K*O
B b ujc/t 5 2 B 2 u/c/t s ¢/
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Run1+2 results from B — ¢pete™

arxiv:2411.10219v3

1.0
' Constraints at 20

B(B — Xv)
————— B® — K*%¢te~ (LHCb)
BY — K*%e¢te™ (Belle)

D S

o= 1 r S ASMA B% — KIn%

O 0

= By — ¢y

N A9 — A~y
Global

—0.5 -

flavio v2.5.5

_1.0 . v ' ' | ' ! ! ! i T T T T | T T T T
—1.0 —0.9 0.0 0.9 1.0

Re(C7/Cr)
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Angular observables

Full differential decay rate:

1 d3(T' + T 9 {3

[ — — (1 — F 1 29 F 29
d(I' +I')/dq? dcos 0 dcos O dp 327 4( L) sin® O + Fy, cos” O

[ 0= Fsin? 0 — B cos? 0| cos26,
1 (2) gin2 .9 ~
5 (1—Fp) Ay Ok sin“ 01, cos 2¢
(1— F) A ™0 cos by,
1 ImCP

sin® g sin? 6, sin 2@} .

- - o+m ifp<O,
Transformed ¢ (symmetric distribution assumed) ¢ = A sketch of the definition of the three angles cosBy, cosB,, and ¢
0, iftp>0.

o Four angular observables F7, A}z), Alm, Azlge are combinations of decay amplitudes related to the polarisation
states of ee —> polarisation of the virtual photon

=> A}z) and A%m measure the size and phase of the right-handed photon amplitude through its interference
with the left-handed amplitude
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The four angular observables F7, Ag,? ), AIMCP and AZCF are expressed as

_ 2)  _ 53 ReCP  _ Ags AImCP Ag 7
Fr, Sac, Ar T At 15,0 AT 25, (7)
where S; denoted CP-averaged quantities and A; CP-asymmetries, defined as
- /dT+7T) - /dT+7T)
The J; are related to the transversity amplitudes by
Joe = —[|AG)? + |AGI°,
1
Jas = ZIALP + [AfFP + [ALF + 147,
1
Ty = SIALP — |Af12 + AR - AP, )

Jos = 2[Re(Af AT — AFAT)],
Jo = [Tm(AFAE + ARASRY).

The observable F7, is the longitudinal polarisation of the ¢ meson and is expected to be
small at low values of g?. The observable AZ¢“F is related to the lepton forward-backward

asymmetry. The observables Ag,? ) and AImCP are the key observables of this analysis since

they are related to the photon polarisation and thus to C’él) in the very low ¢°. In the
limit of ¢* — 0, they can be expressed as

) [Re[cme[c;] + Im[Cr)TmIC,] + L[(Re[Cr))? — <Im[c71>21]

(2) /.2 _
Ar'le = 0) = (RelCo)? + (TmlC))? ’

(10)

2 [Re[C%]Zm[C’;] — Im[C7|Re|C;] — yRe[CﬂZm[C’ﬂ]

Agpm;op(q2 —0) = (Re[CH)2 + (Tm[CH])? , (11)




Overview, Analysis Strategy and Selection

Particle Criterion

e™ (INECAL==1 & HASRICH==1) & TRACKTYPE=3(long)
et PID.E > 2

et IPx? > 9

e™ pr > 0.5 GeV/c? & p > 3 GeV/c?
e™ p < 150 GeV

e™ n € [2,5]

di-lepton IPy? > 9

K= HASRICH=1

K+ n € [2,5]

K= PID K > 4

K* IPx? > 9

K* p < 150 GeV/c?

K* pr > 0.250 GeV/c? & p > 2 GeV/c?
b IPx* > 9

¢ im — 1020| < 12

B m(B) € [4300, 6400] MeV/c?

B muop > 4700 MeV/c?

Between tracks | 0.+ 5+ > 0.001 & 6.— + > 0.001 & Op+ 5~ > 0.001
Angles | cos(0r,)| < 0.9

BDT bdt > 0.82(2024 data)

VELO position | 8|z| + 10]y| < 140

DQ flag==0OK

 BDT training, full background types and more can be found

in Shuang’s slides!
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https://indico.ijclab.in2p3.fr/event/12323/

Mass and angular fit in the very-low q2 bin

Full pdf:
For(m, Q) = fii, X|G,(m) X Hy,(Q)
+(C, % fig ) X Gyom) x H/(@)
+(C, X g ) X Gy m) X H()
(Cﬂo stig) X G o(m) X H_o(£2) <— C_o < 1 % (see Shuang’s slides), negligible
T <1 _fsig (1 T C}’ T C’? T Cﬂ0)> X Gcomb(m) X Hcomb(gz)
Invariant mass pdf: Strategy:
Double-sided crystal-ball G;, = Gpgcp
1. Extract acceptance from the PHSP MC
Angular pdf:

| __ ggphysics 2. Fit physics MC (later data) that includes the
HSlg(Q) B Hsig (£2) X e(€2) acceptance PDF by fixing acceptance coefficients

HPS1E5(Q): physics angular PDF | |
S1E 3. This full fit (mass+angular) extracts the angular

e(€2): angular acceptance PDF observables
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Contamination ratios

Preliminary contamination ratios

Mode C vL bin C~ bin

BY = ¢(n —eey) 1.6798% 0.0510 05%

BY - ¢(m° = eey) (0.10+£0.01)% (9.9+1.4) x 1074
BY = 6(n = v7v) 0.5705% 1.010°%

BY 5 ¢(m° = vy)  (0.25+0.03)% (0.16 £ 0.02)%

« Comparable contribution of yy and e*e~y in very low g region
 Background studies working in progress
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Background contributions: B — ¢y( — e™e™)
Contamination estimation - method

Fitted yields from data
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Background contributions: B — ¢y( — e"e™) 24 MG Sim10d
Veto on the position of the first hit of e7/e™ on VELO

B — ¢y( — ete) B — geve”
30 = E : 90 30 . — 100
. > : .
S 80 o
e Cuton8|x|+ 10 |y| < 140 (mm) 5 20; = 20 20
é _70 8_
. . . . 4_,| 10‘. .|_J| 10‘
* New contamination estimation = S 60
= ' E
v 0 Q :
— AVl arvl + > v ' 40
C,=N}IN,=(1.1£0.1)% g | s
= >
- 2 £ 20 20
e Efficiency: 91.6% L =201 |
- 10 T .
~30 ' Sl ' 23 20 10 0 10 20 30
-30 -20 -10 O 10 20 30 B e -
L1 FirstMeasurement positionX L1_FirstMeasurement_positionX
e Cannot rely on Geant4 events solely due to the potential inaccuracy in mi modelling
—> this result would approximately be doubled (according to Runi1/2) Work in progress

—> will reweigh to align with Bethe-Heitler distribution (see backup)
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Acceptance

 Phase-space MC: does not contain physics angular model; generated over the allowed kinematic region

* Acceptance factorisation assumption:
() =¢ (cos HL) X € (cos QK) X e(¢h)

» cosO;: Legendre polynomials of order eight

» cosO: Legendre polynomials of order four

» Assumed symmetric cos@, and cos@y distribution —> only even terms are kept
1 1
e = 1+-0 (3x*—1) + €4 (35x* — 30x* + 3)

1
x = cosO, , cosby s (231x° — 315x* + 105x* - 5)

1
P s (6435x® — 12012x° + 6930x* — 1260x* + 35)

» Assume flatness of ¢ distribution

€(q§) =1+c, cos(2g1§) + Cy sin(2q§) + ¢, cos(qg) + ¢, sin(gﬁ)
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Acceptance - Validation in Gamma bin 24 MC Sim10g, all blocks combined

A mOH —ef $I | | | | | | | | | | | | | | | | | | | | | | — A lB)OOPIOt Olf lllcQSPN" | | | | | | | | | | | | | | | | | | | | | | | | | |
o0 h i S 100— —
S R :
— B B [ r _
2 T 1 1] 4 S 80 _
= T 1 > o T H
> LT T |+ T T LT H - K T'T 111 L1 | T
m 60 : '__|+ + N¥ I ! + ! 60 : _|+ ‘]"__:__' T R ‘ !

40— — 20— 1L _
B cc2Phi = 0.06165 = 0.14555 B — 11K =-0.0091366 + 0.034602 —
B cs2Ph1 =-0.027256 = 0.056003 ] B 12K =-0.0056772 + 0.045089 ]

0 ccPhi = 0.014437 = 0.056254 3 20— 13K = 0.0034871 + 0.052533 ]
B csPhi = 0.064663 = 0.31608 | B 14K =0.062802 = 0.059563 |

O B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |_ O B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | i
0 0.5 ! 1.5 > 25 3 1 08 06 -04 02 0 02 04 06 08 !
A RooPlot of "§" 4 T T T T T T T T T 4 T T T T T T T T T
2 2 byt } ¢ } }
ot by b p bbbyt SRR INTERNINE S ot : SERRR by }

FERRRRNE pptE bttt bttt ety _2_{{“ BREN SESERRANS S RRNERE;
0 03142 06283 09425 12566 15708 1885 21991 25133 28274 3.1416 YT 08 06 04 02 0 02 04 06 08 0!
) cosO,
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Acceptance and 2D fit gamma bin (mass + cos0 fit)

Acceptance fit cosO:

60

AlﬁooPIotfﬂFosﬂL' | —
ﬁ.
< B _
S 100 — —
g2 L J( -
=
Q>) 80 | —
& _ J( JH( _

40

b

121 =-0.71473 £ 0.21227
14L = -1.1388 + 0.30467
16L. =-0.47158 + 0.2803
I8L = 0.0025691 = 0.20129

L]
i

| ! ! !
" 08 06 04 02 0 02 04 0.6 038
oooooooooooooo 4 . . . . . . .
19893I | } } {{ | | ;g —
ol HE T B
0T 072 —054  —036 018 0 018 036 054 072 09
cost,

Mass fit and angular fit results:

sigma = 43.956
alpha_L =0.55378
n_L =1.4147
alpha_R =1.1886
n_R =3.6128

P J

l/r? : I I I I I I I I I I I I I I I I I I I I | I I I
- 2000 —
Al E total PDF
I 1800
~ I 3 N il Signal
wvn 1600—
E [
o 1400
> —
M 1200
E_ Yield_Signal = 9392 + 96.908
— mean = 5328.2

4600 4800 5000 5200 5400 5600 5800

é{} }}{{H{H}HHHHH}H{;{;;Hl;ll

4600 4800 5000 5200 5400 5600 5800

o
EgRY MMM, s mmm) )
< S

Events / (0.05)

24 MC Sim10g, all blocks combined

450;— —;
400 - ! —=
350~ 1 pl + —
300 ’ : E
250;_ | FL=00081148 + 0.0031384 + _;
200 = 4 1%112:8 =
— 13K = 0 S =
150 — 14K =0 s —]
— 12L = -0.7207 —
100 — 4L = -1.1464 -
= 16L = -0.47477 -
50 18L =0 —

O 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
-1 -0.8 0.6 -04 -0.2 0 0.2 04 0.6 0.8 1

% Popetb bt ppt b H SEURE:

':E{ pty $ 4 f 1 } fit R }H{ SERRNE
_4—1 0.8 0.6 04 —0I.2 0 02 04 0.6 0.8 1
coseK

F; is the polarisation of ¢p meson,
expect to be 0

Fitting result F; = 0.008 = 0.003
reasonably compatible with O
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) g -
Acceptance B Very-low q bin 24 MC Sim10g, all blocks combined

@)
9
o
¢
—h
<l

| - A OOPIOt erf “Icgse I“ | | | | | | | | | | | | | | | | | | | | | | | | | |
ARo 3500 — — @ 3500 - =
15 — ] - u —
S 3000 F— e = 3000 S —
—~ — —+ 1.1 iy ol L g I 1=t = R e mi! ++ - e '_I_'_I_:_I_' : : SE =5 = —
% %+++I++I++H+*+ = ++‘ N SRR R o T S Wﬁl*l + REEERLE Saliss 1 ﬂ’ﬁi:t"l:{}:
§ 2500— = 2 2500/ F
o F - - -
2000 [— — 2000 — —
1500 — 1500 — =
1000 - cc2Phi =-0.046479 + 0.016613 = 1000 |- 11K =0.00026334 + 0.0051338 —
[ cs2Ph1 = 0.00085596 + 0.007425 — = 12K =-0.032806 = 0.0066212 —
u ccPhi = -0.0064533 + 0.00744°7 _ u 13K =-0.0092719 = 0.0078433 -
S00E- csPhi = -0.11512 = 0.037955 = 00 14K = -0.019256 + 0.0088961 =
0: ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] I: O_I ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] I_
0 05 1 1.5 2 25 3 -1 08 -06 -04 -02 0 02 04 0.6 038 1

A RooPlot of "§" 4 { °°°°°°°°°°°°°° 4 {

2 bpb o : b b o 21 : ! S
0 { { thg it { 0 { { ! t RN —
_21‘{{ } : {{{ f{{ { by ¢ { {HH{ t _2_{{{ H{ H{ {{{{{ {{f{{ tptigdd f&_
0 03142 06283 09425 12566 15708 1885 2.1991 25133 28274 3.1416 T 08 06 04 02 0 02 04 06 08 0!
0) cosO
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) g -
Acceptance B Very-low q bin 24 MC Sim10g, all blocks combined

A RooPlot of " 0, " —
s @ 4500% L 1 | | | | | | | | | | | | | | | | | | | | | | |__

A RoosREr < = - g
S F S 4000 - = =
S 3000:_ + z 35005_ +'—I—' T T Suga _E T I e e = R - _:
‘é :;EIJJr +I++1++“ Qﬁ) = - —+ « = F i ﬂ=-+1+\—1:_{}£
L%) 25005— LE 30002— § _; g

2000 2500 = —
15003— 20003— ’ —f —
1000 - cc2Phi = soob—  / 3 1338 =
- cs2Phi = = 121 = -1.1076 = 0.020717 3 2 .
— cectal=- — 141 =-0.1345 + 0.024515 s ]
500 B 1000
- csPhi = = 16L =0.21112 + 0.02364 = =
oC v v v 1y ] 500 & 18L =0.14247 = 0.022869 - A R TR RS AR
0 0.5 1 0.2 04 0.6 0.8 1
0 [ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
S ¥ - 08  -06  -04  -02 0 0.2 0.4 0.6 0.8 { ' e
-4 | ' ' 2§ | fgt | {1 { — |
0 0.3142 0.6283 0.9425 0.2 04 0.6 0.8 1
o Ty Prtd { t g} REE IS cosH
A RS A EEEEEE N :
29 072 -054 -036 018 0 _ 018 036 054 072 09
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