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Radiative-and-leptonic Bs decays

A novel possibility to analyze b - s quark transitions is the study of rare radiative-
and-leptonic Bs decays. This is experimentally challenging, and the first world limit
on this decay was set by LHCb (very close to the SM signal):

BB’ = utu=) < 20x107° {my, > 4.9GeV/c?
s o

LHCDb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008
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Today (as we will see) new limits in other kinematical regions are available !
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Radiative-and-leptonic Bs decays

A novel possibility to analyze b - s quark transitions is the study of rare radiative-
and-leptonic Bs decays. This is experimentally challenging, and the first world limit
on this decay was set by LHCb (very close to the SM signal):

0 +,,— -9 2
B(B°= ptu=) < 2.0x10 {mw > 4.9 GeV/c }
LHCD Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008
Today (as we will see) new limits in other kinematical regions are available !

Several advantages from the phenomenological point of view:
: 1. No chirality suppression (thanks to the additional photon): enhancement w.r.t. the
leptonic counterpart!
2. Sensitivity to a larger set of WCs: not only O,(°), also O,(‘) and Oy(”)
:  (reminder: Oy(‘) and O,,(‘) are particularly relevant @ high-q2)
3. Two ways to detect it experimentally:
* directly (i.e. w/ photon reconstruction) [LHCD Coll., JHEP ‘24 (2404.03375)]
i+ indirectly (i.e. w/out photon reconstruction) [Dettori et al, PLB ’17 (1610.00629)]
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Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach: 4
(;F aem / /
H=——") » Ci0i+ > C;0;
\/§ CKM [ A < i i i z)

y 0§ = (T qr;) (Cey"Le),
0% = (qriv*ar;) Cxy vsLs),

O7 = €My, (QL’I:O-[,LVqu)F’LL
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Standard WET approach: 4
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0§ = (T qr;) (Cey"Le),
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At the end of the day, we will be interested in analyzing:

GF Qem . . C _ 5 -
\/g o VoV | —2ime 7;2(“) +50q” (L +75) b - Iy*1

+Cov (k) - 57, (1 — 75) b Iv"1 4+ Croa(w) - 57, (1 — v5) b Iy vsl]

b—sslTl™ __
Heff -

Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028

. . . . K h Melikh Nikitin, Phys. Rev. D 97 (2018) 053007
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) ozachuk, Melikhov and Nikitin, Phys. Rev. (2018)



Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach: 4
(;F aem / /
H=——") » Ci0i+ > C;0;
\/5 CKM [ A < i i i z)

y 0§ = (qriv*ar;) (Exy Ly,
Olfo ={Ge" QLj)(Zk’YM V54k),

O7 = €My, (QL’I:U[,LVqu)F“
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams:

1. Direct Emission (DE) of the photon from valence quarks
2. DE of the virtual photon from valence quarks
3. Bremsstrahlung
4. Charm loops diagrams
5. Weak annihilation diagram
slti1— GF Qem * . 07 n) _ v T
HYF D = 75 on Vi | Z2im ;2( ) +804,q” (1 +75) b Iy#1
+Cov (1) - 57, (1 — v5) b+ Iyl 4+ Croa(p) - 57, (1 — 75) b - IyFysl]
_ G ]
Ho ™ = === VaVe, {C1(1)O1 + Co(1) 02}

O1 = y,(1 —y5)c' & (1 — )b, O =5y, (1 —v5)c" &y*(1 — v5)b7,
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams: R Example: ...,
1. Direct Emission (DE) of the photon from valence quarks 1
2. DE of the virtual photon from valence quarks b ,
3. Bremsstrahlung : :
. B Vs
4. Charm loops diagrams @ -
5. Weak annihilation diagram B 8‘), q0 s .
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5 different classes of diagrams: Example:
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams: Example:
1. Direct Emission (DE) of the photon from valence quarks :
2. DE of the virtual photon from valence quarks

3. Bremsstrahlung

4. Charm loops diagrams

5. Weak annihilation diagram

Important issue: only 4 diagrams give the most important contribution at high-q2, i.e.
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Available results for the B, - y hadronic FFs

(v(k,€)|O} |By(pB)) = se(PrVi(¢?) — P}l (Vj(*) + Qp,f£") — P Qp, f2")

1 — Low __ -
P, = €uppy(0B)°K" Pp'tlp =i(pB-kgup —ku(pB)p) , Puy =1i(PB)u(PB)y
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)
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Available results for the B, - y hadronic FFs
(v(k, |0} 1By(p5)) = se(P Vi(a®) = P (Vi(@*) 4@z, I8 — Pi™Qs, I5))

1 —_ Low __
Py, = euppy(0B)°KY, Pl =i(0p-kgu —ku(pB)p), Prd™ =1i(pB)u(pB),
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)
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Available results for the B, - y hadronic FFs
(7(k, €)|O |By(pB)) = se(Py Vi(g®) — P (V] +\Q f<pt>|> PrQp, F2Y)

1 — L —
P = 5upﬁv(pB)ﬂm ; P/Llp =i (PB - kgup — ku(PB)p) » Fip > =1(pB)u(PB)p
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)

* First determination on the lattice
Frezzotti et al, ETMC Collaboration, PRD ‘24 [2402.03262] (high-g2 computation)
(methodological inputs also from Giusti et al., PRD ’23 [2302.01298] and 2505.11757)
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Available results for the B, - y hadronic FFs
(v(k, |0} 1By(p5)) = se(P Vi(a®) = P (Vi(@*) 4@z, I8 — Pi™Qs, I5))

] [ . Low __ -
Plp = ‘gupﬁv(lpB)ﬂ]‘{y ; P/L'p =i(B-kgup —ku(PB)p)» Py =1i(PB)u(pB),
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)

* First determination on the lattice

Frezzotti et al, ETMC Collaboration, PRD ‘24 [2402.03262] (high-q2 computation)
(methodological inputs also from Giusti et al., PRD ’23 [2302.01298] and 2505.11757)

 Other determinations using different theoretical frameworks:
- Kozachuk, Melikhov and Nikitin (KMN) [PRD ‘18 (1712.07926)]
- Dubnicka, Dubnickova, Ivanov, Liptaj, Santorelli, Tran (DDILST) [PRD ‘19 (1808.06261)]

- Beneke, Bobeth and Wang (BBW) [JHEP ‘20 (2008.12494)] (low-g2 computation)
- Janowski, Pullin and Zwicky (JPZ) [JHEP’21 (2106.13616)]

- Guadagnoli, Normand, Simula, LV (GNSV) [JHEP ‘23 (2303.02174)] (high-g2 computation)
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Available results for the B, - y hadronic FFs
(v(k, |0} 1By(p5)) = se(P Vi(a®) = P (Vi(@*) 4@z, I8 — Pi™Qs, I5))

1 — Low __ -
Plp = 5up5’y(pB)ﬂm ; Pp'tlp =i(pB-kgup —ku(pB)p) , Puy =1i(PB)u(PB)y
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)

* First determination on the lattice

Frezzotti et al, ETMC Collaboration, PRD ‘24 [2402.03262] (high-q2 computation)
(methodological inputs also from Giusti et al., PRD ’23 [2302.01298] and 2505.11757)

 Other determinations using different theoretical frameworks:
- Kozachuk, Melikhov and Nikitin (KMN) [PRD ‘18 (1712.07926)]
- Dubnicka, Dubnickova, Ivanov, Liptaj, Santorelli, Tran (DDILST) [PRD ‘19 (1808.06261)]

- Beneke, Bobeth and Wang (BBW) [JHEP ‘20 (2008.12494)] (low-g2 computation)
- Janowski, Pullin and Zwicky (JPZ) [JHEP’21 (2106.13616)]

| - Guadagnoli, Normand, Simula, LV (GNSV) [JHEP ‘23 (2303.02174)] (high-q2 computation)\

‘ Main idea: HQET scaling of FFs parameters from the Ds-sector to the Bs-sector,
starting from Lattice QCD (LQCD) data available for the Ds-sector @ high-g2

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)




Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: TD;“  mp, fD; , —
L [V £ e
™ Jo 4 */™D: (D) rPo = DDy, s
—— mDsl —
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Methodological overview of the

Each FF obeys a dispersion relation of this form:

GNSV approach to hadronic FFs

rs = D, D; 9D:D N
b a1 ImVEi@] O Soomo T
VL[ﬁ](q ) = %/ dt P 5 = 1 _ 2/’)’)?,2 + ... b mp fD
0 q q D% [Ds1] Tl o= msDSlSl Ds1Ds~
Opportunity to test different pole structures ( x =L, || ): for instance
P fit PP fit
Tv1 2 'rxl ’T'XQ

Vx(q2) = - 2 Vi (@) = 2 2

L —g%/mp L—g?/mgpy  1—¢2/my,
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Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: — TD: _ mp, fD; . B
D} [Ds1] L= . DD
D, 2y _ 1 [ Iml i[n](t)] T mD;
TJo B q B /m D] TDSI — Ds /D1 9Ds1Dsy
_ | mp,, RE=E |

Opportunity to test different pole structures ( x =L, || ): for instance

P fit PP fit
V() = — 0D Vi) = — 0D O
* 1 - qz/mihl | * 1 — 2/mpm 1 - q2/mf<2

: General methodology: the free parameters of each ansaetze |
I can be determined through fits to lattice data at high-q2 ! :
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Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: — D _ mp, fps . —
1D, 1 — sDsvy
D g _ 1 (= ImlVi®) i D
Vigiple) =5 | dt R Gy mp, f
™ Jo t—q 1= a*/mp: p,y) Pt = =22 b,
— mDsl ——
Opportunity to test different pole structures ( x =L, || ): for instance
P fit PP fit
B G Ut — D ")
x(Q)—l_ 2/m2, x(CI)—l 2 o2 "‘1 2 /o2
q mphl —(q /mphl —(q /mx2

= = A LQCD data from Desiderio et
O % e { * G0l § B i al., PRD ’21 (2006.05358)
e, . = D* 2
JHEP ’23 (2303.02174) PP fit| |71 = 0.009 % 0.003,
W 1.6 18 T 1.6 18 9
\/} GeV] \/; Gev] |Tl2 = 0.029 4 0.005 x°=1.5
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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Methodological overview of the GNSV approach to hadronic FFs

Once inferred the residues in the Ds sector, the extrapolation to the Bs-sector is based on the 3-couplings:

9D*D,y = qu;l_l +chil , 9Ds1Dsy = _QS,U/Ll t Qc'ulcl ’ | Ms | I _ s
9B*Bsy — Qs,u;u -i-Qb/Lbll , YBs1Bsy = —quﬂ T Qbul,' 3 mec mp
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Methodological overview of the GNSV approach to hadronic FFs

Once inferred the residues in the Ds sector, the extrapolation to the Bs-sector is based on the 3-couplings:

9D:Dyy = Qspty 4+ Qepa’ , IDaDsy = —Qupty +Qepe s [ I Ms | I s | B
055y = Quul+ Quutl, 98By = —Quel+Qu, | T mS T
Quark magnetic moments B; — v FFs parameters
pull —0.22(8) s 0.017 + 0.006
wyt ~0.019(6) rs 0.088+0.030 | Starting from LQCD data in
py? —2.6(8) e —0.043 + 0.004 Desiderio et al., PRD 21
-2 —0.22(6) p(r11,712) —0.21 (2006.05358)
m —0.46(4)
u —0.038(3) JHEP ’23((2303.02174)
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Methodological overview of the GNSV approach to hadronic FFs

Once inferred the residues in the Ds sector, the extrapolation to the Bs-sector is based on the 3-couplings:

DDy = Qs/'t;su +QCME:L1 , 9Ds1Dsy = _stu! + chuﬂ ’ I mg

=22l I
11 Al |
gB:BS7 — QSIU'S + Qb/J’b y nglBs’Y

My = —H
_QSU! T Qb,ui,l 3 © ome ° omy Y

— —

Final ingredient for the computation of BR(Bs - uuy) @ high-q2: charmonia !

All broad-charmonium states are included as properly normalized Breit-Wigner (BW) poles, that shift the
Wilson coefficient Cq in this way:

My (25) 3.686 GeV Ty@s) | 0.294 x 107 GeV
: : =3 GeV
mV B V _) P May(3770) 3.774 GeV F¢(3770) 27.2 x 10
Co = Cg — — C Z nv| L)% - ( P ) Loy Mya040) 1039 Gev | PDGI T 00 | 80x 1079 Gev P’zDzG
q- — mV + ZmVrtot Moy (4160) 4.191 GeV 22 Tyao) | 701073 GeV
Kruger and Sehgal, PLB ‘96 (hep-ph/9603237) MMy(4415) 4.421 GeV Tyaas) | 62x107° GeV
B B(4(28) — £0) 8.0 x 1073 829 0
C=C14+C3/3+C5+C4/3+C5+Cs/3 BWTI0) 5 00) | 9.6x10° | o Gy 0 BES
Beneke, Bobeth and Wang, JHEP ‘20 [2008.12494] B(4(4160) - &) | 6.9x 1070 Oy(a160) MLoamlsl
B(1(4415) — ££) | 2.0 x 1075 8p(4415) 246 x /180
arXiv:0705.4500

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 6



The full formula for BR(Bs = uuy)

2TV G%ad,, M7 )
i | T 210 42 L Vo V|’ [ 0(5,1) + 2 €(3,%) Bi(5 1) + € (5,1) B2 (5, t)]7 (6.1)  Emission of the
Bo (3,1) = (5 + 4ml) < > Fy (8)) - sm% Croa(w)? (F2 (%) + F3 (¢2)), photon from
s 11, valence quarks or
B (5,%) =8 [SFV (C 1:4%) Croa )) FCNC vertex
+1hy Fy (¢°) Re (077( ) F7.4(¢%) Croa(w)) + 1w Fa(q®) Re (Cy., (1) Ffv (¢%) Croa(w))] (DE component)

§ (F1(8) + F>(3)),

A ) = (1080 + [Cuoa)) £ + (252) |0n2 00 Frv @)

B, (5, 1)

+4mb (¢%) Re (Cm(u)FTv(f)CSéf *(u,qz)),
= (1o P + [Cu0a)) F3@) + (222 10n, (0 Pra(d?)

4m - ef f*
+ =2 Fa(®) Re (Cry (1) Fra(@®) O3/ * (1.6%))

A

PT?| G%a 8 fa.\2 ) § + x2/2 7 i )2
—l= Viy V4 1 ni |C — < 6.2
o di 510 ;1 | i Vigl (MB> ;' |Croa(w)] @ = )G — ) <(@ ~ ) (2 = ) (6.2) Bremsstrahlung
d21"\(12 G% C¥3 Mi5 9 16 fB 372
~1=- =L Viv Vi, L 1hl = 6.3
ds di o ViVl Ms (@ — ) — ) (6.3) Interference
2zm _ . .
§ " Re (Cloalw )Cry(m)Frv(¢*,0)) + = Fv(q*) Re (CloA(M)Cg{ﬁ/( ¢*)) + £(3,€) Fa(q®) |Croa(p )|l
Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028

. . _ . Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) Guadagnoli, Melikhov and Reboud, Phys.Lett.B 760 (2016) 442-447
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Comparison among different FF computations in terms of BR

By focusing on the DE-only component
of BR(Bs = uuy) @ high-q2:

B(B? — putpu=v)[4.2 GeV, m go]
GNSV (1:63 2£0:80) 10~

KMN |6] (1.83 £ 0.69) x 10719
JPZ 7] (1.90 +0.53) x 10~°

Guadagnoli et al, JHEP ‘23 (23303.02174)
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Comparison among different FF computations in terms of BR

By focusing on the DE-only component Comparison with lattice results:
of BR(Bs high-g2: 1e-08 1 . , ' .
(Bs = puy) @ high-q | Frezzotti et al, PRD ‘24 [3402.03262] 1
1e-09| |
B(B® — utu~v)[4.2 GeV, mpo] b /_A
s =
Do le- 10 |
GNSV (1.63 £ 0.80) x 10710 S | |
KMN |6] (1.83 £ 0.69) x 10719 This work —
JPZ [7] (1.90 £ 0.53) x 10~° FF from KMN
FF from JPZ

Guadagnoli et al, JHEP ‘23 (23303.02174) FF from GNSV

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
xcut
Y

Integrated BR: BR x 1010 = 5.3(1.7)
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Comparison among different FF computations in terms of BR

By focusing on the DE-only component

of BR(Bs = uuy) @ high-q2: 1e-08
1e-09

B(B? — ptu=v)[4.2 GeV, mpo] ¥

2 -

S e 1e-10

| GNSV (1.63+£0.80) x 1071 | | 3
; le-11

KMN [6] (1.83 + 0.69) 1010 g
JPZ [7] (1.90 + 0.53) 8 109 xc)% le-12,

Guadagnoli et al, JHEP ‘23 (

Comparison with lattice results:

0.05 0.1 0.15

Frezzotti et al, PRD ‘24 [2402.03262] il

This work =
FF from KMN
FF from JPZ
FF from GNSV

0.2 0.4
xcut

Y

0.25 0.3 0.35

Integrated BR: BR x 1010 = 5.3(1.7)

Differences @ (more or less) 20 level despite the differences in the FFs values
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Comparison among different FF computations in terms of BR

By focusing on the DE-only component Comparison with lattice results:
of BR(Bs high-q2: 1e-08 — , . , ' .
(Bs => upy) @ high-q Frezzotti et al, PRD ‘24 [2402.03262] !
le-09 |
B(BY = utp)[4.2 GeV, mpgo] &0 /__-M
s -
S 1e-10 |
| GNSV (1.63+£0.80) x 1071 | | & |
= lell
KMN |6] (1.83 £ 0.69) 1019 = This work —
JPZ [1] (1.90 £ 0.53) 109 = el FF from KMN
Q {613 FF from JPZ
. . :
Guadagnoli et al, JHEP ‘23 ( . FF from GNSV

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
xcut
Y

Integrated BR: BR x 1010 = 5.3(1.7)

Differences @ (more or less) 20 level despite the differences in the FFs values
Theor. issue to be further investigated: large uncertainties due to charmonia !

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)



Brief recap of the GNSV procedure within the SM

To summarize: the GNSV procedure is based on a HQET scaling of FFs parameters from the Ds-sector to the Bs-sector,
starting from LQCD data available for the Ds-sector @ high-g2.

This procedure must be applied @ high-q2, ,
since only there an expansion of the FFs in terms of P |
or PP expressions is completely reliable!
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Brief recap of the GNSV procedure within the SM

To summarize: the GNSV procedure is based on a HQET scaling of FFs parameters from the Ds-sector to the Bs-sector,
starting from LQCD data available for the Ds-sector @ high-g2.
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Brief recap of the GNSV procedure within the SM

To summarize: the GNSV procedure is based on a HQET scaling of FFs parameters from the Ds-sector to the Bs-sector,
starting from LQCD data available for the Ds-sector @ high-g2.

This procedure must be applied @ high-q2,
since only there an expansion of the FFs in terms of P |
or PP expressions is completely reliable! :

Important remarks for the future:
* new lattice data have come out in the recent past/should come out in the near future, for sure for the D.-sector
(hopefully also in the Bs-sector):

- Frezzotti et al., PRD ’23 [@306.05904] > synthetic data available
- Giusti et al., PRD ‘23 [2302.01298] and arXiv:25085.11758'7 —— methodological proposals

The GNSV procedure can be used as a useful framework to develop «global analyses» of Ds < y and/or Bs - y data!
The results obtained in Frezzotti et al, PRD ‘24 [2402.03262] are a fundamental benchmark to compare with.

We need to improve as much as possible the precision from the theoretical side ...
... since many progresses on the experimental side are going on! ©

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)



Method I: measure Bs - uuy with photon reconstruction

Pro: Sensitive to low-g2 region, therefore, to larger set of Wilson coefficients
Con: Photon reconstruction worsen the resolution

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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Method I: measure Bs - uuy with photon reconstruction

Pro: Sensitive to low-q2 region, therefore, to larger set of Wilson coefficients
Con Photon reconstruction worsen the resolution

Three g2 regions:
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Irene Bachiller - Search for the B0 —> U /1 ~y decay at LHCb 9

I. Bachiller, presentation @ «Workshop on radiative leptonic B decays», Marsellle 2024
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)



Method I: measure Bs - uuy with photon reconstruction

Pro: Sensitive to low-g2 region, therefore, to larger set of Wilson coefficients
Con: Photon reconstruction worsen the resolution

Three g2 regions:
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Method Il: measure Bs - uuy without photon reconstruction

The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely
0 +,,— 0 +,,—
B, — pTp vy from B — pu'p

Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely
0 +,,— 0 +,,—
B, — pTp vy from B — pu'p
Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

How? Enlarging the dilepton invariant mass below the Bs-peak
(it works IF the bkgs are well under control!)

The problem is in other words

B(BY — ptp~ +ny) VS B(BY — putu=v)
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Method Il: measure Bs - uuy without photon reconstruction

The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely

B) —» ptu~~ from B? — ptpu~
Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

How? Enlarging the dilepton invariant mass below the Bs-peak
(it works IF the bkgs are well under control!)

The problem is in other words
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Method Il: measure Bs - uuy without photon reconstruction

The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely

B) —» ptu~~ from B? — ptpu~
Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

How? Enlarging the dilepton invariant mass below the Bs-peak
(it works IF the bkgs are well under control!)

The problem is in other words

BBY — ptu~ +ny) VS B(BY — utpuv)

10- ) N L bbb bbb bbb bbb bbb EEL LR
~ For very soft photons, the:
e | :smgle-photon component
S0 —— | : of the former should be :
gl f N Jd — - MN(FSR) . :
S SO o MNny :  equal to the latter! :
n‘:§0.010 \ ] BGGI s EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEED
3 \ ! MN = Melikhov, Nikitin, PRD ‘04
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Method Il: measure Bs - uuy without photon reconstruction
B(B— ptuy) < 20x107°  my, >4.9GeV/?

LHCb —e— Data
9 fh-! Total
T B Bty
BDT =0.5 sTHH
B'—epty
, =i B(s)—’,ll+ll_}’
\

=
-
L

(\®)
3=

" ------ Combinatorial

ey R

Candidates / ( 27.5 MeV/c?)
()
S

o
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(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)




Method Il: measure Bs - uuy without photon reconstruction
B(B®— utu~y) < 2.0x107° {mw > 4.9 GeV/? }

= - | I =
N LHCb —— Data .
% 40 el 9 fb-! Total 3
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2 20 p- X, —huv il
:-g E ‘ B&H—’”OZ)MW_ E
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10 : .l
= " ’}‘ kS | + b
O- ................. ___{./. n __
B : . . : | , : : .

5000 5500 6000
m,.- [MeV/ c?]

(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

Pros:

i) No recontruction of the photon,
whose efficieny is inherently small

ii) Measur. at high-q2, which is the
best region for Lattice QCD and is
also the region least affected by
resonances

iii) Sensitivity to Cq, C,,
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Method Il: measure Bs - uuy without photon reconstruction

P
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BB’ > utu ) < 20x107° {my, > 4.9GeV/c?
S o

Pros:

i) No recontruction of the photon,
whose efficieny is inherently small

ii) Measur. at high-q2, which is the
best region for Lattice QCD and is
also the region least affected by
resonances

iii) Sensitivity to Cq, C,,

Cons:

i) Signal as a «shoulder», i.e.
requires reliable estimation of all
other «shoulders»

(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008) ii) Difficult below (4.2 GeV)?

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

iii) Mass resolution crucial !! 19



Summary of all (th. and exp.) results within the SM
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Summary of all (th. and exp.) results within the SM
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In the next years, it is well reasonable to expect
that a measurement will be finally available !
Bé Since this channel represents a b - s quark transition,
which can be the impact of a future measurement of :

k BR(Bs - u*uy) on BSM physics? :
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The relevance of B, - y beyond the SM

The B, - uuy channel can be used to study hypothetical New Physics (NP) effects affecting b - s quark
transition. In fact, despite the disappearance of the R(K(*)) anomalies, we have several discrepancies among

theory and experiments in semileptonic neutral-current B decays:
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The B, - uuy channel can be used to study hypothetical New Physics (NP) effects affecting b - s quark
transition. In fact, despite the disappearance of the R(K(*)) anomalies, we have several discrepancies among

The relevance of B, - y beyond the SM

theory and experiments in semileptonic neutral-current B decays:
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i SM expectations seem to

14
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The B, - uuy channel can be used to study hypothetical New Physics (NP) effects affecting b - s quark
transition. In fact, despite the disappearance of the R(K(*)) anomalies, we have several discrepancies among

theory and experiments in semileptonic neutral-current B decays:
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| i SM expectations seem to :

be always above
experimental data ...

Important debate:is
 there really NP? Were the :

1 i hadronic effects (namely :

long-distance ones)
treated correctly ?



B. 2 uuy as a golden channel to study NP

.- KEY IDEA: high-g2 observables are sensitive to the very
i same short-distance physics present in B \to K(*) decays,
i without being affected by the same long-distance effects ! |

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 15
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KEY IDEA: high-q2 observables are sensitive to the very
same short-distance physics present in B \to K(*) decays,

Bg > puy as a perfect candidate: if there is really NP in B \to K(*) decays, i.e. if thereis |
| really a NP contribution to C,, this effect must influence as well the BR(B, = uuy) @ high- q2 |
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B. 2 uuy as a golden channel to study NP

KEY IDEA: high-q2 observables are sensitive to the very
same short-distance physics present in B \to K(*) decays,

Bg > puy as a perfect candidate: if there is really NP in B \to K(*) decays, i.e. if thereis |
| really a NP contribution to C,, this effect must influence as well the BR(B, > uuy) @ high- q2 |

However, we do not have a direct measurement of BR(B, = uuy) @ high-q2 at present ...
Thus, the best that we can do at present is a sensitivity study !

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 15



B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

1. Identification of NP benchmarks
from semileptonic neutral-current B decays:

NP shift {-specific + f-univ. parts
50}2866 — 50}(:) + 50}’:’(3,#)

(k= 9,10) bspup () u(e,p)
st = 5CW 4 5C"

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

1. Identification of NP benchmarks
from semileptonic neutral-current B decays:

NP shift {-specific + f-univ. parts
5cbsee — 50}(:) + 50}?(3,#)
(k= 9, 10) o
’ 5Cbsuu — 50(#) 4+ 5CU(€,#)
14
| 5c = —5cl9 = 5c) )2 |
by fitting the data
(see back-up slides
for their list) Scenario Best-fit point 1o Interval x2SM — 2
(sCHem sciem)y e R (—0.88,+0.30)  ([—1.08,—0.56], [0.15,0.46]) 5.5
sC™Mem) 19 e C —0.70 — 1.36;  [—1.00, —0.54] + i[—1.77, —0.54] 5.8
sCeH) ¢ ¢ ~1.08+0.10; [~1.31,—0.85] + i[—0.70, +0.85] 6.4
scuer) e ¢ +0.68 +1.40i  [+0.38,+1.00] + i[+0.69, +1.92] 3.2

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) JHEP ‘23 [2308.00034]
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B. 2 uuy as a golden channel to study

NP

flavio v2.5.4
Main ingredients of our sensitivity study: 151

1. Identification of NP benchmarks
from semileptonic neutral-current B decays:

NP shift {-specific + f-univ. parts
b (&) | svulen) 0
(k— 9 10) 50 ees — 5CI(€ )+5Ck(,“) —1.0- - b — sup BR
D bsuu s |7 ule,u ' b — spp ang.
scbern = s 4 5C" L o
E) (E) o —— Global
50( _— 5 f— 5 —2.0 T ! X
E 9 Clo / j 9 | 0 1
u(e,p)
by fitting the data Re 0Cy "
(see back-up slides
for their list) Scenario Best-fit point 1o Interval x2SM — 2
(sCrem sciem)y e R (—0.88,+0.30)  ([—1.08,—0.56], [0.15,0.46]) 5.5
sCM 12 e C —0.70 — 1.36i  [—1.00, —0.54] + i[—1.77, —0.54] 5.8
sCeeM) ¢ ¢ ~1.08+0.10; [~1.31,—0.85] + i[—0.70, +0.85] 6.4
somer) e ¢ +0.68 +1.40i  [+0.38,+1.00] + i[+0.69, +1.92] 3.2

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) JHEP ‘23 [2308.00034]
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B. 2 uuy as a golden channel to study NP

flavio v2.5.4
Main ingredients of our sensitivity study:

1.51
1.0 :
1. Identification of NP benchmarks ' X
from semileptonic neutral-current B decays: <z 05 A
NP shift ¢-specific + £-univ. parts % 00 = M
50bsee — 50(3) £ 50’“(3,#) = 059 P
(k= 9, 10) bsuu _ l(gu) iess) —Y] 0 s L
6Ck — 50 + 50 _15- B?s)—um E
(E) _ (E) - j ——  Global
ECQ = —0C), =0oC / —205 1 0 1 2

REMARK: we are computing these NP shifts assuming,

as said before, that SM long-distance effects are negligible !!
(See also the global analyses in JHEP ‘23 [RR12.10497], PRD ‘@3 [RR12.10516] ...)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 16



B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs = uuy-signal uncertainty
will be dominated by the sheer amount of data collected

(Many effects to be taken into account: efficiencies, optimal choice of (g,,,;,)> .- )

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs = uuy-signal uncertainty
will be dominated by the sheer amount of data collected

(Many effects to be taken into account: efficiencies, optimal choice of (g,,,;,)> .- )

3. Theoretical uncertainties:
- GNSV FFs with shrinked uncertainties, i.e. O(5%) errors, and KMN tensor FFs with O(20%) uncertainties
- assumption: broad charmonia play an entirely negligible role at high-q2

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 17



B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs = uuy-signal uncertainty
will be dominated by the sheer amount of data collected

(Many effects to be taken into account: efficiencies, optimal choice of (g,,,;,)> .- )

3. Theoretical uncertainties:
- GNSV FFs with shrinked uncertainties, i. e.|0(5%) errors,l and KMN tensor FFs with O(20%) uncertainties

Motivated by precision on D, - y FFs as from the
lattice study PRD ‘@3 (2306.05904),
confirmed by the B, = y results in PRD ‘24
(2402.03262)
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B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs = uuy-signal uncertainty
will be dominated by the sheer amount of data collected

(Many effects to be taken into account: efficiencies, optimal choice of (g,,,;,)> .- )

3. Theoretical uncertainties:
- GNSV FFs with shrinked uncertainties, i. e.|0(5%) errors,l and KMN tensor FFs with O(20%) uncertainties

Motivated by precision on D, - y FFs as from the

Recall that we need to resolve | ™ ta prD a3 (2306.05904),

(U) (U)aSM ~ confirmed by the B; - y results in PRD ‘24
509 / 09 — 15% I! : (2402.03262)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 17




B. 2 uuy as a golden channel to study NP

x 1010
2.0 e —+2.300
9,275
1.5 L 2.075
L 2.050
- 1.850
1.825 1.0
1.62
1600 = 0.5 625
1.175
1.150 2 s
0.925 0.950
0700 ~1.0 0.725
0.475 ~1.5 0.500
0.250 —92.0 0.275
Re 6C“") = — Re 6C1“H Re 6C M)

Integrated BR for two different NP scenarios
JHEP ‘23 [2308.00034]

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)



B. 2 uuy as a golden channel to study NP

2.5 2.0 Blpanes Sl A
Real 6Cy 10 | Real 6Cy10 - 300 b~ 5 4
1.5
2.0 7 j 4.8
1.04
=
2151 < 05
[b] &
= // e
S % // S 0.0
= 1.01 VW e .
e 4 A 0.5
—1.0
0.5
—-1.5
0.0 - . —9,() Fr—
0 100 200 30 -2 —1 0

luminosity [fb™!] Re 50;‘(6’#)

Pull to the SM of the BR assuming NP in both C,, C,,

JHEP ‘23 [R308.00034]
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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2.5

o
o

Pull to the SM

0.51

0.0

Pull to the SM of the BR assuming NP in both C,, C,,

JHEP ‘23 [R308.00034]
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

B. 2 uuy as a golden channel to study NP

[a—
ot
1

=
o

77771 Real 509,10

_ 7

ez
7z //

. _
.

100

200

luminosity [fb™!]

30

- 5.4
4.8

It reaches the 20 level
at the border of the
1o region for
the WC shift preferred
by our global fit !
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Conclusions

Radiative-and-leptonic B, > uuy decay is an important channel to be investigated at present. Huge efforts have been and
are being developed by both the theoretical and the experimental communities to have new data! In this talk:

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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Conclusions

Radiative-and-leptonic B, > uuy decay is an important channel to be investigated at present. Huge efforts have been and
are being developed by both the theoretical and the experimental communities to have new data! In this talk:

1 Study of B, & uuy within the SM:
- - description of a HQET-based procedure to infer the behaviour of the FFs in the Bs-sector startlng
from LQCD data available for the Ds-sector @ high-q2
- GNSV as a possible method for global analyses of all the lattice data available in the future
- experiments: searches for B, - uuy through direct and indirect searches
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Conclusions

Radiative-and-leptonic B, > uuy decay is an important channel to be investigated at present. Huge efforts have been and
are being developed by both the theoretical and the experimental communities to have new data! In this talk:

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l.

1 Study of B, - uuy within the SM:
- - description of a HQET-based procedure to infer the behaviour of the FFs in the Bs-sector startlng

from LQCD data available for the Ds-sector @ high-q2
- GNSV as a possible method for global analyses of all the lattice data available in the future
- experiments: searches for B, - uuy through direct and indirect searches

2 Study of B, > uuy beyond the SM: complementary way to investigate hypothetical New Physics (NP)
effects affecting b - s quark transitions
- key issue: same short-distance effects present in semileptonic neutral-current B decays, while
being independent (and free) of the long-distance ones !
- the pull to the SM can reach the 20 level at the border of the 1o region for the WC C, shift
preferred by our global fit of BRs and angular observables in B \to K(*) decays
- assumption on the exp./th. uncertainties improvable in the future

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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ETMC lattice computation of FFs

The results on the FFs by ETMC have O(%) level of precision !!
(differences observed w.r.t. previous estimates, especially in V| )

At this level of precision, the current uncertainties on charmonia effects have a non-negligible impact on the BR:

%4 T IV
Cg N Cg . 9102'” |ez5vmVB( — B ) tot

A2

1e-08
............................................ : 1e-09
Slnce |C| =0.2, the error :
: on charming-penguin : 1e-10
: becomes more important :
: than the FFs :
uncertainties !

le-11

dB/dz.

le-12

Values of the WCs taken from le-13 }

Beneke et al, JHEP ‘20 (R008.12494) ]
le-14

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

q° — mV + zva‘tot

Frezzotti et al, PRD ’24 (2402.03262)

_—
_—

PT
INT =
INT no penguins =
SD —

SD no penguins =

0.05 0.1

0.15 0.2 0.25 0.3 0.35
T 11



Final results for the BR prediction

B(B) = pTpv)[4.2 GeV,mpo] ;
| KMN
GNSV (1.63 & 0.80) x 1019 | —— JPZ
i —— This work
KMN (6] (1.83 +0.69) x 1019 i -
JPZ [7] (1.90 £ 0.53) x 10~
Influence of the choice of T'| |
(with V| | from this work)
T, | from KMN | (1.22 +0.70) x 10~1° | \
10—11 . L . . . .
[ A2
T =0 (1.63 4 0.80) x 10~1° ¢ [GeV]

Guadagnoli, Normand, Simula, LV, JHEP ‘23 (2303.02174)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 8



[3] = JPZ
[4] = KMN

This work === Ref. [3] =~ [5] = GNSV

Ref. [4] == Ref. [5]
' 0.75 +

0.6

F
1
1
1
1
1
1
1
1
1

| 045

0.3

0.15 +
121

0.8 |
0.6 |
04 |
0.2}

T T W N [ T ) i ——

0.05 0.1 O.i5 0.I2 0.é5 0.13 0.535 04 045 0.5 0.06 0.1 0.i5 0.2 0.25 0.13 035 0.4 0.;15 0.5

1 1

T~ Ly

Frezzotti et al, PRD ’24 (2402.03262)



ETMC lattice computation of FFs

The relevant hadronic contributions to be computed can come from (recalling the structure of the Hamiltonian):

- Semileptonic operators - Photon-penguin operator

O9 10

- Four-quark operators

o b C
s 01,03

Example of diagrams taken from Frezzotti et al, PRD ’24 (2402.03262) I

Two extrapolations to be performed :

Not computed in 2402.03262
(future plans to do so)

i) Continuum extrapolation: four values of the lattice spacing using ETMC configurations
ii) Extrapolation to the physical Bs meson mass: five different values of the heavy-strange
meson mass at which simulations have been developed

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)




ETMC lattice computation of FFs

To perform the extrapolation ii), a phenomenological fit Ansatz has been used: it combines the scaling laws valid
for very hard photons [Beneke et al, EPJC ‘11 (1110.3228) and JHEP ‘20 (2008.12494)], with the quasi-pole
correction due to resonance contributions (through VMD and HQET-scaling laws).

The global fit Ansatz

We extrapolate to the physical Bs through a combined fit of the form factors
[z =1/mpg_, fit parameters are in red]:

Fy(zy,2) g5 1 z 1 z

fHW = Tiooa® K—l—(l—i—dz)m +z_1_AH+Amz+Am7x—

: v LT OvLy ? ? G.Gagliardi,
resentation @
Fa(zy,2) _ lasl 1 z z P
= K — (1 0P - Am Ag 2KCa)—
fHS i, 1—{—C’A§—fy e ):lf:7 z=1 — Apg i 2o Gy F A)m7 «Workshop on
radiative
F s| 142 2 il — i

Tv(zy,2) _ lgs| 1+ Cvz2 (KT + (AT + 1)z + AT LN (1462 azq) leptomc.B decays»,

fu, Ty 14 Cy 2= T Ty Ty Marseille 2024

Fra(x~, 2) _ lgs| 1 +2C% = (

l—=x

v Ly

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 10



FV($’77mHs)

R(E., 1 1
— ( ( Y l’l’) +£(x7,ml—[s)+ _|_ db )
JfH, A (1) MK Ty gs| mp
Fa(x~y, mu, R(E., 1 1
A( ~y H ) _ ( ( ¥ H) +§($7,mHs)— _149b )
st AB(IJ’) MHg T~ ds| Mhp
F’ Rr(E 1 — 1
v (T~, MH,, 1) _ ( T(E~, 1) +e(mny, mu,) + X ~ n dv )
fH, AB (1) MH; Ty  |qs| MH,
F , , s| {Rr(E., 1— 1
TA(Ty, mEg 1) |gs) ( 7 (Ey, 1) bz my,) — L2 o
fHS &L~y AB(P’) MHg X~ ds| MHg

Scaling laws valid for very hard photons [Beneke et al, EPJC ‘11 (1110.3228) and JHEP ‘20 (2008.12494)]



Assuming vector-meson-dominance (VMD) one has (W ={V,A,TV,TA})

Fy (zy,mH,) 1 1 1
s 2 Ty 4 Ty v s
Twt 2 T 3 1
mH; mHsl
Ty =TTy = , TA=TTA =
My My

G.Gagliardi,
2 > 1 ; presentation @
mI—{: —my = 222 + O (m—h) , A2 ~ 0.24 GeV «Workshop on
radiative

gy — Wy, = 40 (m—h) ) A1 0.5 GeV leptonic B decays»,

Marseille 2024

the denominator in the VMD Ansatz becomes
™ g * aj2
”'V/TVZmzzﬁl—l—mgIs = T%//TV_*_Z’Y_*_%_ ~ nj£s+w27+..

|
|
—
+
$
NS
~
N
o
+
2
+
|8
|
12
=
+
8
D)
+

TA/TA = —



Method I: with photon reconstruction

Unfortunately, the measured BR is not statistically significant in any of the three g?-regions...

. Bin I: low g2 1 Bin Il medlum Q2
g ' " "LHCbS4 o' g LHCb54 ! 1
m(u*p-) € [2m,,, 1.70 GeV/c?] ] m(u*ur-) € [1.70,2.88] GeV/c?
0.8 —+ Observed ] 0.8 3 Observed ]|
+ —— Expected + —— Expected
C +1o . +lo
0.6 2 7 0.6 20 7
0.4 04F -
02 02fF .
W\ : e 6 9 0%95% ]
0 X107
0.02 0.04 0 0.05 0.1 0. 15 0.2
. (B° wry) B(B"— uury)
Bin lll: high q2 1_Bm I: Iow g2, with ¢ veto
dw LHCb54 fo' dm \ " LHCbS4 b ]
) €[3.92 GeV/c?, my,] ] 1) € [2my,, 170 GeV/c?], ¢ veto ]
0.8 L —3— Observed | 0.8 I —3— Observed |
+ —— Expected + —— Expected
C + 1o C tlo
0.6 B t2 061 20
04F 04f
0.2 0.2
[x107

w 1 T
a LHCb 5.4 fb! ]
] m(u*p~) Combined 3 bins
0.8 —3 Observed ]
A — Expected
i + 1o
0.6 [ B n

0.

0.

e s 10
004 0.06 0.08 0.1

B(B'— wyry)
Inclusnve q2

ar

2

B(B]— p'uy)

ersiandx107
0.08 0.1

. 0.1
BB’ wury)

-——3 As no significant excess is observed, upper limits

are set on B(B? — u*u~y) using the CL method.

B(B)— ptu 7)1 < 3.6
B(B)— p* ™) < 6.5

(4.2) x 1078,

(7.
B(B?— p*p™y)m < 3.4 (4.

(3.

(

2)

7) x 1078,

2) x 1078,
B(B? = w1, ¢ veto < 2.9(3.4) x 1078,
)

B(B® = 1t 1™ ) comp. < 2.5(2.8) x 1075,

at 90% (95%) CL.
ﬁ

Upper limits on the branching fraction: 7

Irene Bachiller - Search for the BSO — pt U~y decay at LHCb



Method Il: measure Bs - uuy without photon reconstruction

I In short: to the extent that the FSR contribution can be systematically

|
| subtracted off, as is the case for leptonic Bs searches, one can measure the |

I differential rate of this process — as “contamination” of the non-radiative !
: candidate events (as the signal window is enlarged downwards) l

-
&\\
al L L

T

Q

S

3
E B

\

% 0.100. —
o J—
N ™~

£ 0.010 \ ]
o 1
m ]
° \ 1

0.001 4.6 48 50 5.2 5.4

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

1 — N oy

' ISR component of the radiative-and-leptonic spectrum — and thereby the :

For very soft photons, the:
: smgle photon component :
MN (ISR) : of the former should be :

- MN (FSR)

M (i) :  equal to the latter!

BGGI :................................................E
MN = Melikhov, Nikitin, PRD ‘04
[hep-ph/0410146]
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Candidates / (80 MeV/c?)

Binl: low g2 Bin ll: medium g2

Candidates / (80 MeV/c?)

40 ——r—r —r—r— ~ 200 ——— —

- LHCb —3— Data Pre|iminary S LHCb 3

— S, a — ¥ sl > 180 . -1 [ - 0 + —_— .

355 fn?ﬂf}’ﬂ)e[mﬂ.lJOGeV/r:] —;Etju'u'r 3 2 160 'S"‘riuf})u)e[l.70,z.aaucewc2 M_: The measured t%(Bs U U },) IS
ok Eric ol ; e
- ” gagg;ﬁ?, 3 3 ::g E not statistically significant in any of

E artially reco. = - 8
wE comonstorel | 3 g E the g2 regions.
isE + & 3 # 3

E E 60 E
Sk + IE 40 E

5 — ‘*: 20 — —
- R e &
m(pepey) MeVic] miuiy) MeViE) | They are consistent with the background-
Bin lll: high g2 Bin I: low g2, with ¢ veto only hypothesis at < 10 level.
70 ——— R AR e S S SN ~ 35F —— L ———

F 4 Preliminary 3 S E ae Preliminary 3 - B
60§ wir) € B2 GeVic?, m,] — - s 305_ lsn;‘;lf?ﬂ‘)e[?:np.1.7OGeW(‘3].¢\'etorﬁ—E B(B)— p*p v = (1.34£1.60+0.28) x 107%,
ME E 8 o5F 3 B(B°— ptpv)u (0.76 & 3.55 + 0.30) x 1078,
. C -I— —é é 20‘— _E B(Bg—) u+,u_'y)m = (—255 $=2.25 &= 041) X 10_8,
30 - = C - - =
E F Ry £ B(B® = it 1Y), 6 veto (0.72 & 1.56 =+ 0.29) x 107%.
10 — ¥ 3 0 _ + + + ‘ stat.*syst.

OE PPTT 111 Ll 7 PN f 5F :
. AN : — o + Dominated by statistical wacertainty,
-1 5000 5500 6000 0 5000 5500 6000

m(upy) [MeVic?]

m(u*py) [MeVic?]

Irene Bachiller - Search for the B;) = /l+/l Y decay at LHCb
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Soft-photon correction for Bs \to \mu+ \mu-

BPYS(Eo.) =B(Bs — ptu™ + ") B, < Emax _ BPYS(E ) = w(Emax) X BO

In the soft-photon approximation:

(Bax) = B (Bmax) x [1+0 (22 ]
T
2Bmax) * 0
WIB (Ema,x) — ( max) 9
mp,
where
1/2 2 2
4m* me —m°., _
— _ |:1_ 1 ln(l‘l—,ﬁuu)] , IBM/JI: 1 _ . m“ - EmaX: B u+ljl
2Bup 1= Bup (m,pL u— 2mu) 2mp,

‘ Order 10% suppression of the non-radiative rate !




Relevant data for b - s global fits

b— sutu~ BR obs.

Gz ) (BT = K®pp)
%) (Bo = Kpp)
9 ) (Bs = dup)

S0z ) (Bo = K*pp)

(B) (B — Xspp)

RK/K*

B(Bis — pp)

b — sutpu~ angular and CPV obs.

(Fr, P, Py 5, Ars) (Bo — K*putp™)
(FrL, P12, Pys) (Bt — K* pu*p™)
(FL,S34,7) (Bs — oup)

Asz_g(Bo — K*,u+u_)

b — sy obs.

(B, Acp) (B = Xs7)

B(B? — K*0)/B(B) — ¢)
B(B — K*v)

B(B) — ¢)

Aar, S(B) — ¢)

s,




Disappearance of R(K) and R(K*) anomalies

Analysis: results
Results

I 0.094

oweg? [ B = 0.994 7008 (stat) *6% (syst),| 14 LHCD Rk low-g = 09947 (%
R~ = 0.927 557 (stat) T0:033 (syst) 9fp—! Ry central-¢> = 0.94910%%

centralg? o TF = 0949 Lo (stat) Togss (syst), oL Rg-  low-¢* = 0.927"00%
Ry = 1.027 T0063 (stat) Too57 (syst). | ~= [ Ry central-g® = 1.027007

+ Most precise and accurate LFU

!

&
1.0 T
test in b — s£Z¢ transition = or I t 1
0.8
+ Compatible with SM with a I i gﬁta x*=1.6,p=0812,0 =02

simple y? test on 4 measurement

at 0.2 o

2 2

Ry low-¢> Ry central-g> Ry~ low-¢> Ry~ central-¢°

Renato Quagliani LHC Seminar, CERN 49
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Re 6C%)

Other plots concerning fits to the WCs

flavio v2.5.4 2.0 2.0 flavio v2.5.4
|6csl, =0 15- 15_60{3’=0
=2 1.0- -
< 1.0
w
L 0.5 %
~ 3 0.5
||| 00 ....................................................... % 00
[5]
= (==
§—05 —0.5- —— b— sup BR
Q . ] “ b — suu ang.
- B?,) S e —1.0 —-1.0 SaF B{ﬂs) i
Bk —1.51 =1.51 — Bxyx
— Global flavio v2.5.4 w—— (Global
. T v —2.0- T —-2.0 T T
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2

Re 3Gy Re §C) = — Re 6C%) Re 6C1



