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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 yet LHCb has recently set a limit (very close to the SM signal):

B(BY— pt 1™ Y)m,,>1.9Gev = (—2.5+1.4+0.8) x 1079 < 2.0 x 10~°

LHCb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008

This is the first world limit on these decays!
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A novel possibility to analyze b - s quark transitions is the study of rare radiative-and-leptonic Bs decays. This is
experimentally challenging, and yet LHCb has recently set a limit (very close to the SM signal):

B(BY— pt 1™ Y)m,,>1.9Gev = (—2.5+1.4+0.8) x 1079 < 2.0 x 10~°

LHCb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008

This is the first world limit on these decays!

: 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(”)

i (reminder: Oy(‘) and O,,(‘) are particularly relevant @ high-q2)

3. Two ways to detect it experimentally:

° directly (i.e. w/ photon reconstruction)

i+ indirectly (i.e. w/out photon reconstruction) [Dettori et al, PLB ’17 (1610.00629)]
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This is the first world limit on these decays!

: 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: O4(‘) and O,,(‘) are particularly relevant @ high-q2)

: 3. Two ways to detect it Experimentally:
:» directly (i.e. w/ photon reconstruction) :
i+ indirectly (i.e. w/out photon reconstruction) [Dettori et al, PLB ’17 (1610.00629)]

See talks by Irene Bachiller and Camille Normand -
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Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach:
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(Z Co,+ 3 q.oz.>
) )

AGF
H=——2)
\/5 CKM|:

Qe

47

L. Vittorio (LAPTh & CNRS, Annecy)



Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach: e
F Oem N
(o | (300 el

0§ = (qriv*qr;) (Cxy"Ly),
0% = (qriv*ar;) Cxy vsLs),

O7 = emy, (qLiouwar; ) F*
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Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach: e
F Oem N
i % (300 el

08 = (T qr;) By Le),
0% = (qriv*ar;) Cxy vsLs),

O7 = emy, (qLiouwar; ) F*

At the end of the day, we will be interested in analyzing:

- GF Qem . . C . .
Hb2 s = \/g o Vis Vi | —2imy 7;2(,u) - 50,,9" (1 +5)b - Iyl

+Cov () - 57, (1 — 75) b- Iv*l + Croa(p) - 5y, (1 — 75) b - Iy*ysl]

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

) . Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
L. Vittorio (LAPTh & CNRS, Annecy)



Radiative-and-leptonic decays in Effective Field Theory

Standard WET approach: e
F Oem BN
(o | (300 el

08§ = (qriv*qr;) (Exy" Lr),
0% = (qriv*ar;) Cxy vsLs),

O7 = emy, (qLiouwar; ) F*

At the end of the day, we will be interested in analyzing:

slti1— GF Cem * . 07 % — v T
HEsUE = 7 o Vis Vs | —2imy, % - 50,,9" (1 +5)b - Iyl
+Cov () - 57, (1 — 75) b- Iv*l + Croa(p) - 5y, (1 — 75) b - Iy*ysl]
- G -
Ho' ™ = === Va Ve, {C1(1)O1 + Co(1) 02}

O1 = Fyu(1 = 75)c (1 = 5)b?, O = §yu(1 — 5)c Ey*(1 — 5)V,

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

) . Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams:

1. 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
st GFr Oem . . COry(p) 5 -
HYsUU = \/g o Vi Vi —22mb% - 50,,9" (1 +5)b - Iyl
+Cov (1) - 57y, (1 — v5) b Iyl 4+ Croa(p) - 57, (1 — 75) b - IyFysl]
_ G ]
Ho' ™ = === Va Ve, {C1(1)O1 + Co(1) 02}

O1 = Fyu(1 = 75)c (1 = 5)b?, O = §yu(1 — 5)c Ey*(1 — 5)V,

Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028
) ) Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams: R Example: ...,
1. 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‘), qo s s
S +7— G Olem * . C7 I‘L — U T
HE = OE S vy | <2im, ;2( ) 50,” (1+75) b+ Iyl
+Cov () - 57, (1 — 75) b- Iv*l + Croa(p) - 5y, (1 — 75) b - Iy*ysl]
b—scc GF *
Heg™™ = VG bVes {C1(p)O1 + C2(p)O2 }

O1 = Fyu(1 = 75)c (1 = 5)b?, O = §yu(1 — 5)c Ey*(1 — 5)V,
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Radiative-and-leptonic decays in Effective Field Theory

5 different classes of diagrams: Example:
1. 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
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Available results for the B, - y hadronic FFs

(1(k, €)|0} |By(p8)) = se(Pi Vi(a*) = B} (Vi(¢®) + Qp, f) = Pr"Qp, £

1 - . Low __ -
Py, = euppy(0B)°KY, Pl =i(p-kgu —ku(pB)p), Prs™ =i(pB)u(pB),
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)
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Available results for the B, - y hadronic FFs
(v(k, |0} |By(ps)) = se(P Vi(a®) — P (Vi(@*) @z, I8 — Pi™ Qs I5))

Py, = euppy(0B)°KY, Pl =i(p-kgu —ku(pB)p), Prs™ =i(pB)u(pB),

Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)
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Available results for the B, - y hadronic FFs

1k, )10} | Bo(op)) = se(Pyr Vo (a?) = P (V&) +{Qp, 5] — Pi™Qs,5,)
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 (Recent) First determination on the lattice by ETMC Collaboration
arXiv:2402.03262 [hep-lat] ~  See talk by Giuseppe Gagliardi
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 (Recent) First determination on the lattice by ETMC Collaboration
arXiv:2402.03262 [hep-lat] ~  See talk by Giuseppe Gagliardi

 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

1k, )10} | Bo(op)) = se(Pyr Vo (a?) = P (V&) +{Qp, 5] — Pi™Qs,5,)

1 - . Low __ -
Py, = euppy(0B)°KY, Pl =i(p-kgu —ku(pB)p), Prs™ =i(pB)u(pB),
Janowski, Pullin and Zwicky, JHEP ’21 (2106.13616)

 (Recent) First determination on the lattice by ETMC Collaboration
arXiv:2402.03262 [hep-lat] ~  See talk by Giuseppe Gagliardi

 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 (LAPTh & CNRS, Annecy) 4




Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: TDZ‘  mp, fD; , —
o Im[VEy@)] D0 LT g, PP
VDs g2y = L [ g LI T s
1inle) = —f 1 —@jmi. T mp, o
T 0 q q /mD; [Dsl] TfSI = s sl D 1D v
_ mD31 S S _
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Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: TDZ‘  mp, fD; , —
s Im[VD: (¢) pDi D LT Ty PP
vDs 2y = L [ gL L{I] S
i) = 7 —f 1 —@jmi. T mp, o
T 0 q q /lrn,.D;.< [Dsl] TfSI = s sl D 1D v
_ mD31 S S _

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

P fit PP fit

N Tx1 2N T'x1 T'x2
Vi(q®) = 1 _ q2/m12)h1 ’ Vx(q ) = 5 2

L. Vittorio (LAPTh & CNRS, Annecy)



Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: — TD; _ mp, fD , B
v/ Ds ( 2) _t dt l[ll] L[II] 4 :
L = t— T 1—¢2/m? Do _ MDD
0 q D} [Ds1] 7"” o= ms = 9Ds1Dsy
—— Dsl —

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

P fit PP fit
V. (qZ) — @ (q ) @ | @
* 1 - q2/m12)h1 , * 1 — 2/mphl 11— q2/mi2
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Methodological overview of the GNSV approach to hadronic FFs

Each FF obeys a dispersion relation of this form: TDE‘  mp, fD; , —
o Im[VEy@)] D0 LT Ty PP
VDs g2y = L [ g LI T S
i) = 7 —f 1 —@jmi. T mp, o
T 0 q q /mD; [Dsl] Tf'ﬂ' = s sl D 1D v
_ mD31 S S |

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

P fit PP fit
Vi(g?) = @ 2 VX(QQ) = (oD 3 O 2
1 —q2/mpp, L—q?/mgy  1—¢%/m5,

o Deideioctal i el LQCD data from Desiderio et

010 1 D Panpian + + 010 1 Do Barpiatin al., PRD 21 (2006.05358)
So.os ! —! sm P fit| |r* =0.015(2),] x*=32

ool — _ _ ol _ - PP fit r11 = 0.009 £ 0.0;)3,
/2 [GeV] J&(Gev] | 712 = 0.029 & 0.005 x* =15

L. Vittorio (LAPTh & CNRS, Annecy) 5



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:

gD;‘DS")/ == QSIJ,'—SL]' + QC/,LéLl : gDleS')’ — _QSI’LL' _I_ QC“! ) ” . mS ” ” B ms ”
9B*Bsy — Qs.uéu + Qb,U'l_;Ll y 9Bs1Bsy = —QS/'LL' + Qb.UJL' ; me mp

L. Vittorio (LAPTh & CNRS, Annecy)




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:

— _Qs.u!s' + QC,U'! )
= —Quul + Quy ,

-}

B; — v FFs parameters

9D*Dsy = qu;u + ch(fl , 9Ds1Dgy
gB;BS'Y — QSM._SLI + Qbui)l_l ) nglBs’)’
Quark magnetic moments
pyt —0.22(8)
T —0.019(6)
Tt —2.6(8)
1y —0.22(6)
M —0.46(4)
m —0.038(3)

B
1
B
D)

rﬁgs

P(""u, ?"u)

0.017 £ 0.006
0.088 £ 0.030
—0.043 = 0.004
—0.21

L. Vittorio (LAPTh & CNRS, Annecy)
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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:

1 | E—

gD;Ds")’ — QS/J',_QLl + QC/_LéLl ) gDles’)’ — _QSI’LL' _I_ QC“! ) ” mg ” ” mg “
c — E/-‘l’s y — _:u’s *

I My
9B*Bsy — qu;u + Qb,UBLl , YBs1Bsy _QSUL' + Qb,UJb ;

— —

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(2s) 3.686 GeV Tys)y | 0.294 x 1073 GeV
May(3770) 3.774 GeV Ly (3770 27.2 x 1073 GeV
Im isy MV BV — utu™) Ptot ( PDG ) 3 PDG
Cg _> Cg - _2 C |77V |€ 2 T044(4040) 4.039 GeV 99 Fw(4040) 80 x 10 GeV 29
o q — mV _I_ vartot MMy (4160) 4.191 GeV F¢(4160) 70 x 1073 GeV
Kruger and Sehgal PLB ‘96 (hep-ph/96032337) Mo (aa15) 4.421 GeV Ty (4415) 62 x 1073 GeV
_ B(¢(2S) — £¢) 8.0 x 1073 by(29) 0
C =C14+C3/3+C3+Cy4/3+C5+Cs/3 BWTI0) 5 00) | 9.6x10° | | Gy 0 BES
B(1)(4040) — ¢¢ 10.7 x 10~6 ‘ ) 133 x 7/180 .
Values taken from (1(4040) ) g 22 ¥(4040) ™/ Coll
Beneke, Bobeth and Wang, JHEP ‘20 [2008.12494] B(y(4160) — ££) | 6.9x 10 Oy (4160) 301 x /180
B((4415) — £0) | 2.0 x 103 8y (a15) 246 x /180
arXiv:0705.4500

L. Vittorio (LAPTh & CNRS, Annecy) 6



The full formula for BR(Bs = uuy)

21(1) 2 3 5 . o~ . o~ R
L= e v v [ Bo (5. 9) + 2 €(5.0) Bu (5,0) + € (5.0) B2 (5,D)] (61)  Emission of the
. h f
Bo (3, 8) = (58 + 4f) (Fy (3) + F2 (8)) — 8mi [Croa(w)l” (FY (¢°) + F4(¢%)). photon from
- ) Celi () o2 valence quarks or
By (37 t) 8 [SFV( ) Fa(q )Re( o (M4 )ClOA(N)) FCNC vertex
+1, Fy (¢°) Re (C7., (1) Fif 4(¢%) Croa(w)) + s Fa(q®) Re (C, (1) Frv (¢°) Croa(w))] (DE component)
By (5,1) = 5 (F1(3) + F2(3)),
21\ _
R ) = (1G85 + 1Coatl®) (@) + (552) 1m0 Frv (@)

47’7’& n e *
=2 Fy(q®) Re (Cry (1) Prv(@®) Gl " (n,0))

A Zmb 2 — 2
@) = (18 + 1C0at)F) 3@ + (222) O o) Fra(a”)
47’7’& n e *
=2 Fa(q®) Re (Cry (1) Fra(a®) C5 " (0, 4%))
2T | G2a3 Mf’ 8f5,\> ) § + 22/2 ( z 1y )2
—= Vv Vi 2 ny |C = — = 6.2
27(12 2 3 16 72
‘ F 1= —GF? 7 . |2 18/, My - 5 (6.3) Interference
dsdt 2107 MBp (@ — Wm7)(t — Mgy
21 mp

Re (Cfoa(1)Cry(1) Frv (¢°,0)) + 2 Fy(¢*) Re (Cloa()Csv (1, 4%)) + €(3,1) Fa(g?) [Croa(p )Izl :

Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028
Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
L. Vittorio (LAPTh & CNRS, Annecy) Guadagnoli, Melikhov and Reboud, Phys.Lett.B 760 (2016) 442-447 [fixes a typo in the interference term I'12]

S



Impact of charmonium resonances on BR prediction

By focusing on the DE-only component of BR(Bs = uuy) @ high-q2,
we find the following values for the BR:
(REMARK: DDILST computation gives results very similar to JPZ ones!)

B(By — ptu=v)[4.2 GeV, mpo] 1075y
| ; KMN
| —— JPZ

GNSV (1.63 & 0.80) x 1019 ,
i —— This work

KMN |[6] (1.83 £ 0.69) x 1010

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 1017 | SN
10—11 . L . . . |
T, | from JPZ | (0.92+0.58) x 10720 4.00 425 450 475 500 525
v/ q° |GeV
T, =0 (1.63 % 0.80) x 1010 ¢ [GeV]

Guadagnoli, Normand, Simula, LV, JHEP ‘23 (2303.02174)
L. Vittorio (LAPTh & CNRS, Annecy)



Impact of charmonium resonances on BR prediction

B(By — ptu=v)[4.2 GeV, mpo]

GNSV
KMN |6]
JPZ [7]

(1.63 £+ 0.80) x 1019
(1.83 +0.69) x 1019
(1.90 &+ 0.53) x 10~°

Influence of the choice of T'|
(with V| | from this work)

T, from KMN
T, from JPZ

T, =0

(1.22 4+ 0.70) x 10~10
(0.92 £ 0.58) x 10719
(1.63 + 0.80) x 1019

101l . . —i .
400 425 450 475  5.00  5.25

: KMN
| —— JPZ
i —— This work

V@ [GeV]

L. Vittorio (LAPTh & CNRS, Annecy)

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




Impact of charmonium resonances on BR prediction

Comparison with ETMC results:

le-08 : ' : : : : 1
B(BY — putu=v)[4.2 GeV, m o] |
le-09 !
| GNSV (1.63+0.80) x 101 || = /_’1
=
< le-10
KMN [6] | (1.83+0.69) x 1010 G |
JPZ [7 1.90 + 0.53) x 10~° = lell |
7] (1. 53) X Tr This work = |
Inﬂu.ence of the choif:e of T | % 1e-12 FF from Ref. [4] KMN |
(with V| | from this work) q .- FF from Ref. [3 Pz
T, from JPZ | (0.92+0.58) x 10717 te-dd 0 05 0.1 0.15 0.2 0.25 0.3 0.35 04
T_L | = 0 (163 + 080) x 10~10 Frezzotti et al, arXiv:2402.03262 [hep-lat] .’E,(Efut

ETMC number (see Table VI): BR x 1010 = 5.3(1.7)

L. Vittorio (LAPTh & CNRS, Annecy)



Impact of charmonium resonances on BR prediction

Comparison with ETMC results:

le-08 - , ; : . : 1
B(BY — putu=v)[4.2 GeV, m po] |
le-09 !
| GNSV (1.63 +0.80) x 1010 || = 4____—-——-—4
=
C le-10 |
KMN [6] | (1.83+0.69) x 1010 G
JPZ 7 1.90 + 0.53) x 109 > lell
7] (1. :53) x : This work = |
Inﬂu.ence of the choi.ce of T | % le-12 FF from Ref. [4] KMN
(with V| | from this work) q - FF from Ref. [3 Pz
— le-14 ‘
T\ from JPZ | (0.92+0.58) x 1071 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4
TJ_ | = 0 (163 + 080) X 10—10 Frezzotti et al, arXiv:2402.03262 [hep-lat] .T,(El,ut

ETMC number (see Table VI): BR x 1010 = 5.3(1.7)

Differences @ the 1.90 — 2.20 level despite the differences in the FFs values
Fundamental topic of discussion: treatment of broad-charmonium parameters!

L. Vittorio (LAPTh & CNRS, Annecy) 9



Brief recap of the GNSV procedure within the SM

The procedure presented in Guadagnoli, Normand, Simula, LV, JHEP ‘23 (2303.02174) 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.

L. Vittorio (LAPTh & CNRS, Annecy)
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The procedure presented in Guadagnoli, Normand, Simula, LV, JHEP ‘23 (2303.02174) 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.

Important remarks:

1. The values of the extrapolated FFs crucially depends on the input data !! The present discrepancies with the FFs

computed on the lattice in arXiv:2402.03262 [hep-lat] can be ascribed to the value of the 3-coupling inferred
from the LQCD data contained in Desiderio et al., PRD ’21 (2006.05358). In fact:
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FFs parameters from the Ds-sector to the Bs-sector, starting from LQCD data available for the Ds-sector @ high-g2.

Important remarks:

1. The values of the extrapolated FFs crucially depends on the input data !! The present discrepancies with the FFs
computed on the lattice in arXiv:2402.03262 [hep-lat] can be ascribed to the value of the 3-coupling inferred

from the LQCD data contained in Desiderio et al., PRD ’21 (2006.05358). In fact:

Take the new lattice data for
the Ds-sector in
Frezzotti et al.,
PRD ’23 2306.05904

=)

The value of the 3-coupling found
by ETMC is higher w.r.t. ours:
gpsD.y = 0.1177£0.0048,40; £ 0.0125,5, GeV

=)

The resulting FFs in the Bs-
sector would be more in
agreement with
arXiv:2402.03262

Methodologically speaking: the procedure works!

L. Vittorio (LAPTh & CNRS, Annecy)
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=)

The resulting FFs in the Bs-
sector would be more in
agreement with
arXiv:2402.03262

Methodologically speaking: the procedure works!

2. Important issue for future studies: new lattice data should come out in the Ds-sector (hopefully also in the Bs-
sector) in the near future: see Giusti et al., PRD ‘23 [2302.01298] by RBC Coll.
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L. Vittorio (LAPTh & CNRS, Annecy)

And what about Bs - y beyond the Standard model ??
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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:

L. Vittorio (LAPTh & CNRS, Annecy)
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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:

BE].CSR ~ Lattice -e-Data WWLCSR — Lattice —~Data
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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
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Semileptonic B decays theory in a nutshell

l QTTLbAIB l A[B

Aﬁ:R(B — ]\[)\fp) = N)\ {(Cg — Cl())f,\((]Q) + q—2 {C'('F;{((]{z) - 167’(2—7‘{,\((12)] }

mp

Non-local form-factors

Hu(k, q) = i/d4w (M (F)|T{T;" (), CiO} | B(g + k))

M. Reboud’s talk @ LHC Impilication Workshop 2022 @ CERN

Fuk,q) = (M(K)|57,br|B(q + k)) Q5 = (Scyucr)(ey!br)

L. Vittorio (LAPTh & CNRS, Annecy) local form-factors
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Important issue concerning non-local FFs

There is not general consensus on the magnitude of the contributions coming from these non-local FFs:

M. Ciuchini et al, 3 x Data driven Data driven
PRD ‘23 1C '(,\_/1‘)7 [-1.25,-0.72 ] [ Model dependent Model dependent
[2212.10516] | 1 |
= | =3
’E 4 L — B R T T :, ............................................
3, Qo { SM
1]
CNP = [-1.24,-0.74 ]
CN, = [-0.32, 0.03 ]
. —2
—4 =2 0 2 4 —2 -1 (1)\IP 1 2
NP
09# C9,u

L. Vittorio (LAPTh & CNRS, Annecy)



Important issue concerning non-local FFs

There is not general consensus on the magnitude of the contributions coming from these non-local FFs:

M. Ciuchini etal, | = Nt soemndont The «hypothetical»
1
[2212.10516] | presence of NP seems
= i a3
Y] S T to depend on the way
‘ 4 in which the non-local
PO = [-1.24,-0.74 ) .
: . ol- 0@, 0m) FFs are described !
4 —9 0 9 4 ) 1 0 1 2
o\ Con

L. Vittorio (LAPTh & CNRS, Annecy)
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Important issue concerning non-local FFs

There is not general consensus on the magnitude of the contributions coming from these non-local FFs:

2

. s 2 : 3 x Data driven

M. Ciuchini et al, Joxe_ {105 072 : [ Model dependent
PRD ‘23 = L2 BRI L _
[2212.10516] | 1

Data driven :
Model dependent !

< .3
E ] 2(5_1 O. ............. ,SM .....................................

The «hypothetical»
presence of NP seems
to depend on the way
in which the non-local

FFs are described !

9,u
naive g?-expansion of the form

2 |2 . ~
H, x=& ikl ( ?M - h(_o)) T — 16m2h? q*
V7t | mg
+ (M4 D) Vi,
. it is transparent the interplay
between hadronic and possible NP contributions!

M. Ciuchini et al, JHEP ‘16 [1512.07157], EPJC ‘17 [1704.05447],
EPJC ‘19 [1903.09632], PRD ‘21 [2011.01212],
EPJC ‘23 [2110.10126], PRD ‘23 [23212.10516]

L. Vittorio (LAPTh & CNRS, Annecy)

4 2 0 2 4 —2 ~1

Model-depedent: it assumes the h-terms on the left
[h.©) h (1) h(2)]to be negligible.

Underlying idea: this assumption is supported at
present by the application of dispersion
relations, analiticity and unitarity (together with
LCSR data) to the description of non-local FFs !

C. Bobeth et al, EPJC ‘18 [1707.07305]
M. Chrzaszcz et al, JHEP ‘19 [1805.06378]
N. Gubernari et al, JHEP ‘21 [2011.09813],

JHEP 22 [2206.03797], 3305.06301
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B. 2 uuy as a golden channel to study NP

.- KEY IDEA: high-g2 observables are sensitive to the very

same short-distance physics present in B \to K(*) decays,
i without being affected by the same long-distance effects ! |

L. Vittorio (LAPTh & CNRS, Annecy) 14



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,

B > 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,

B > 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,
but only an experimental bound:

B(By— ut 1™ Y)m,,>49cev = (—2.5+1.4+0.8) x 1072 < 2.0 x 1077

LHCDb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008

Thus, the best that we can do at this stage is a sensitivity study !

L. Vittorio (LAPTh & CNRS, Annecy) 14




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 + £-univ. parts

50’2866 — 50}(;) _|_5CI':(6,N)
sct = 5CM 4 5O

(k = 9, 10)

L. Vittorio (LAPTh & CNRS, Annecy)
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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 + £-univ. parts
L . 5cbsee — 50(3) + 50"(6#)
(k=9,10) 5C bSMl — 50(#) + 50’“(6,#)

[ = -4 = scf} 7]

by fitting the data
(see back-up slides
for their list) Scenario Best-fit point 1o Interval x2SM — 2
(6cg(C=“), 50{‘5"’“)) eR (—0.88,+0.30)  ([—1.08,—0.56],[0.15,0.46)) 5.5
W9 eC —0.70 — 1.36i  [—1.00, —0.54] + i[—1.77, —0.54] 5.8
503;(“ " e ~1.08+0.10; [—1.31,—0.85] + i[—0.70, +0.85] 6.4
sCem) e © +0.68 +1.40i  [+0.38,+1.00] + i[+0.69, +1.92] 3.2

L. Vittorio (LAPTh & CNRS, Annecy) Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]



B. 2 uuy as a golden channel to study NP

flavio v2.5.4

Main ingredients of our sensitivity study:

1.5
1. Identification of NP benchmarks 1.0
from semileptonic neutral-current B decays: 0.5

mr o9< > X m

NP shift {-specific + £-univ. parts
b (€) | s ulen) 0
(k= 9, 10) ocyc = 00} —|—5Ck(’“) Lo 4 sun BR
- bspp (w) u(e,u ' b — spp ang.
50’9 —_— 5Ck . + 50’{7 _1.5_ B?s)_)p#
e) (E) - (e) —— Global
sct = —s5c9 = 509 /2 20 . | |
E 9 10 L/ 9 I 0 1 2
u(e,p)
by fitting the data Re 0Cy "
(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¥ M 12 e C —0.70 — 1.36i  [—1.00, —0.54] + i[—1.77, —0.54] 5.8
scuem) e ¢ ~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 (LAPTh & CNRS, Annecy) Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]



B. 2 uuy as a golden channel to study NP

flavio v2.5.4

Main ingredients of our sensitivity study:

1.5
1. Identification of NP benchmarks 1.0
from semileptonic neutral-current B decays: <z 05
NP shift {-specific + f-univ. parts % L I e
5Cbsee — 60(6) + 50’{1,(6,/_1,) o —0.5 1
(k =9, 10) bsuu _ %u) Igﬁ(e,u) ~1.0; s
5C = oC +4C; L L
) _ ) _ o) j — Global
EC —0C]y =0C11/2 —205 1 0 1 2

REMARK: a complete calculation of non-local FFs may, or may not, show that
the NP shifts previously shown, in particular those involving Cq, are actually

due to SM long-distance dynamics !!
(See also the global analyses in JHEP ‘23 [RR12.10497], PRD ‘@3 [RR12.10516] ...)

L. Vittorio (LAPTh & CNRS, Annecy)
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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,,,;,)> .- )

L. Vittorio (LAPTh & CNRS, Annecy)
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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
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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,I 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 83402.03262 :
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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,I and KMN tensor

FFs with O(20%) uncertainties

Recall that we need to resolve
5CM jC M~ 159 1)

L. Vittorio (LAPTh & CNRS, Annecy)

Motivated by precision on D, - y FFs as from the
: lattice study PRD ¢23 (23306.05904), :
: confirmed by the B, > y results in 3402.03262 :
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B. 2 uuy as a golden channel to study NP

2.0 1000 0o

N [ oo | '
\ 2 050 1.5 -2.075
1.600 = 05 1.625
1375 5 00 1.400
© 1.175

1.1 Q :

50 ~ 0.5
0.025 0.950
0.700 —1.0 0.725
0.475 ~1.5 | 0.500
0.250 —2.0 0.275
Re 503(6#) — _ Re 50%6#) Re 503(6#)

Integrated BR for two different NP scenarios

Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]

L. Vittorio (LAPTh & CNRS, Annecy)



B. 2 uuy as a golden channel to study NP

Real 6Cy 19 Real 6Cq, L 5.4
1.5 '
2.0 7 4.8
1.0
7 1.5- / // < 05
Q / / % % 0.0 &=
= 1.0- 777/ = o
B P~ 0.5
ol Z
—1.0
0.5
—1.5
0.0 - . —9,() F—
0 100 200 30 —2
luminosity [fb™!] Re 505(6,#)

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

Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]

L. Vittorio (LAPTh & CNRS, Annecy)
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B. 2 uuy as a golden channel to study NP

2.5 20 _ - It reaches the 20 level
Ren 3Chao | Real 60 - 300 1 d | [54| atthe border of the
1.5 :
2.0 Y 4.8 1o region for
1040 the WC shift preferred
5] < 05 by our global fit !
o O 0.0 =
;:5 1.0 1 //////” E
£ ; —0.5
~1.0
0.5
~15
0.0 - . g, P—
0 100 200 30 —2 ~1 0
luminosity [fb™!] Re 503(&#)

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

Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]
L. Vittorio (LAPTh & CNRS, Annecy) 18



B. 2 uuy as a golden channel to study NP

2.5 2.0 — — —
Real 509710 . Real (509'10 - 300 fb—! ‘ i 5 4
1.5
2.0 ~Z -4.8
1.0
% 1.5 0.5
51 % = :
< % Se
o / % 0.0 &
= 1.0 7 ~
B / —0.5
—1.0
0.5
—1.5
0.0 - . —2,( ==
0 100 200 30 —2 —1 0
luminosity [fb™!] Re 60’3(6’“)

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

Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]
L. Vittorio (LAPTh & CNRS, Annecy)

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

Methodological issue:
this exercise can be
repeated and updated
in the future with other
FFs determinations
(as, for instance, the ETMC
results in 2402.03262)
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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 (LAPTh & CNRS, Annecy)
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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: descrition of a HQET-based procedure to infer the behaviour of the FFs :
in the Bs-sector starting from LQCD data available for the Ds-sector @ high-g2: :
- inter-connection with non-leptonic radiative decays (see e.g. the determination of the 3-
couplings)
- crucial dependence on the LQCD input data (recall the comparison with arXiv:2402.03262)
- possible method for global analyses of all the lattice data available in the future

L. Vittorio (LAPTh & CNRS, Annecy)

19



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:
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1 Study of B, - uuy within the SM: descrition of a HQET-based procedure to infer the behaviour of the FFs :
in the Bs-sector starting from LQCD data available for the Ds-sector @ high-g2: :
- inter-connection with non-leptonic radiative decays (see e.g. the determination of the 3-
couplings)
- crucial dependence on the LQCD input data (recall the comparison with arXiv:2402.03262)
- possible method for global analyses of all the lattice data available in the future
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 ! Complementary insight on the debate
on non-local FFs
- 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 (LAPTh & CNRS, Annecy)
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The “indirect” method to detect radiative-and-leptonic decays

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

0 - 0 -
B) — ptu~v from B) — ptp

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 — utu~ +ny) VS

10.

T :

>

) 1

3

E —_—— .

\

3 o.1oo§ e /\

Q - = T \

3 0.010

oc

m

]

0.001 4.6 48 50 52 54
L. Vittorio (LAPTh & CNRS, Annecy) my, [GeV]

B(BY? — ptp7)

— MN (tot)

—— - MN (ISR) For very soft photons, the single-
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The “indirect” method to detect radiative-and-leptonic decays

B(BY—= pt ™ V) m,, >4.9Gev = (—2.5+ 1.4
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(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008)
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-F0.8) X 107° < 2.0 x 10™°

Some pros:

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

ii) Measur. at high-g2, which is the
best region for Lattice QCD and is
also the region least affected by
resonances

iii) Sensitivity to C9, C10

Some cons:

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

i) Difficult below (4.2 GeV)?

iii) Mass resolution crucial !! 18



Relevant data for b - s global fits

b— sutpu~ BR obs.

Gz ) (BT = K®pup)

4oz ) (Bo = Kpp)
dB

(

(

F Bs — (,f)ﬂu)
%oz ) (Bo = K*pp)

(B) (B — Xspup)

RK /K#

B(Bis — pp)

b — syt p~ angular and CPV obs.

<FL: Pl) Pzi,S) AFB) (BU — K*N+#_)
(Fr, P2, Pis) (BT — K™ p™)
(FL,S34,7) (Bs = ppp)

As—9(Bo = K*p"p™)

b — sy obs.

(B,Acp) (B — Xs7)

B(B® — K*9)/B(B) — ¢)
B(B — K*v)

B(B) — ¢7)

Aar, S(BY = ¢)

Skc+0




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

Analysis: results
Results
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Renato Quagliani LHC Seminar, CERN 49

. . R. Quagliani’s talk @ CERN, December the 20th
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Other plots concerning fits to the WCs
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« Cy  of the correct size can be generated through RGE effects

| Bobeth-Haisch, 2011 || Crivellin et al., 2018 || Aebischer et al., 2019 |

Diego Guadagnoli @ NFLF
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Figure 3: Diagrams inducing a contribution to Cg through RG running above (left panel) and

below (right panel) the EW scale. A sizeable contribution to Cy is obtalned when
f = u12,d123 or I3, see text for details.

Workshop 2023, Pisa

ON CYt = [Cpelasii + [C) (1)]2'2'23 + [C’l(;’ Niias — Cez
ON O35 = [Celasii — [C (1)]%23 — | l(;)]z'm +cz,

g

Intriguingly, a large value for [Cl(; )]3323, that can explain the hints for LF'U violation in charged-
current b — ¢ transitions (Rp and Rp-), also induces a LFU effect in Cy that goes in the
right direction to solve the b — sup anomalies in branching ratios and angular observables.

Oqe]23z’i = (q27.93) (€ "ei) ,
(1)]%23 — (l27u )(QQ’)’ Q3)

0W]as = (91iD,0) (@1"as)

(02123 = (L 1) (@7 q3)

A
(0325 = (p1iDLe) (@777 g3) ,

Jason Aebischer et al., EPJC ’Q20 [arXiv:1903.10434 [hep-ph]]
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B —» K®up in the SMEFT

Four fermion operators

If the NP contribution is heavy enough, A > v, we can work in the SMEFT I

T s—— A2 { (C(l) + 5(3))”, (5c7"br)(eLivuer;) + (Cl(ql) - Cl(j))z’j (5LY"bL)(PLivuvL;)

+2 Vs [Cl(g)]ij (EL’Y“bL)(ELi’mVLj)@(ER’Y“bR) [(ZLivuves) + (€Livuer; Dk h-C-}

Matching to the low-energy NP couplings

vivi _ T (1) (3) ViV i
5CL - Qom A\t A2 {[C ]7, [Clq ]z’j} 5CR = aemAt A2 [cld]

Contributions to B = Kvv will have an
'impact on observables with charged leptons!

Salvador Rosauro-Alcaraz @ GAR Annual Workshop 2023



