EFT ANALYSIS OF b—sl*l

TRANSITIONS

Luca Silvestrini
INFN, Rome

* Introduction

*EFT for b —» s |l fits
* Current status

* Conclusions

Based on M. Ciuchini, M. Fedele, E. Franco, A. Paul, L.S. & M. Valli, arXiv:2110.10126.
See also Geng et al., arXiv:2103.12738, Cornella et al., 2103.16558,

Hurth et al., 2104.10058, Alguero et al., arXiv:2104.08921
<R
Many thanks to M. Fedele and A. Paull fitl &


https://arxiv.org/abs/2110.10126
https://arxiv.org/abs/2103.12738
https://arxiv.org/abs/2103.16558
https://arxiv.org/abs/2104.10058
https://arxiv.org/abs/2104.08921

b —» s I'l- decays

* b—sl*l- transitions are FCNC
— cannhot occur at tree-level in the SM

- they arise at one loop through penguins and
boxes

- they are particularly sensitive to possible NP
contributions

- S|nce vUvas* << vast* ~ VTbVTs*, TOP Clnd ChClI"m
quarks dominate loop contributions
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EFT for b —» s I'l- decays in

three steg
1) Assume NP heavier than EW scale:

— NP contributions invariant under SM gauge group

- Can be written in terms of SMEFT operators
built with Q;, u;, d;, Li, e, Higgs and SU(3) x SU(2)
x U(1) gauge fields:

LQ( )

03253 ( )(Qz’Y“Q3)
O35 = <Z A L2) (@277 Qs)
0523622 — (Q %QS)(GQW’“@) + L2, e2 > Ly, e
Ogzshs = (LoyuLa)(darytds)
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EFT for b - s I'l- decays in

three steg
2)Expand H around its vev, integrate out W+, Z and t:

- W, Z, t & NP contributions can be written in terms of
WET operators built with diig, UiLg, I'Lr, photons & gluons:

= GunTpL)(pry* ),  PUC Q1o = 1 -2 50 FHY
TN = mpSro ,/F b}
= (8vupr) BLY*L) , q=ud,s,c,b ! 64 ’ '
= (Spyubr) Y _ o(@1"9), Qo = (sL%bL)(M 0),
_ (= ~ a Oé
- (8 7#T bL) Zq(CJV“T Q)a QIOA — i (SL’yubL)(g’}/ 756)
= (SLYu1 Va2 Yusbr) Y o(@* 2 *3q) e,
i 1B QS - Z(SLbR)(eg)a
= (371 vu2uaTbr) ) o[ @' "3 y**T ), o )
Qp = = (5Lbr)(€7°0).
QSg — 6Z 3mb3LO-/,wG bR 4m
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EFT for b - s I'l- decays in

three step

2)

- W, Z, t & NP contributions can be written in terms of
WET operaTors built with diL,p, UiL,R, |iL,R, phOTOHS & 9|UOHS§

LY Y2 Vusbr) D o (@ )
S sTr) Y o( @y 12y 2T ),

= GLwTpr) By Tb),  P=UC Qry = 1) 3 g
Ty = mpSro,,F* b;
= (817upL) (PL7"b1), q=u,d,s,c,b ! 64 3 8
= (Spyubr) Y o(@r"q), Qo = (styubL)(h 0),
= (5pv, T bL)Zq(Cﬁ’MTGQ)a Qo4 = SL’YubL)(K’Y ’756)
= (5
= (

(
( br)(£e),
(5 br)(470).

QSg — 6383 mbsLo-/,WG bR
2 (1) ®) .
Co" %;TZJA%\I N (CQLQ% +Coygs + Cé%zz) ;
NP contributions ONP i (0%622 2/32%1) B 2[,2622:())3)>
— > )‘tANP
from SMEFT operators o _ (st + I8
= 5 9223 T C523 )
La Thuile, 9/3/22 Luca Silvestrini ae}‘tANP
/NP Oée)\tAlz\]P (02223 02223) )



EFT for b - s I'l- decays in

three step

2)Expand H around its vev, integrate out W+, Z and t:

- W, Z, t & NP contributions can be written in terms of
WET operators built with diig, UiLg, I'Lr, photons & gluons:

= GunTpL)(pry* ),  PUC Q1o = 1 -2 50 FHY
Ty = mpSro,,F* b;
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EFT for b —» s I'l- decays in

three step

2)

- W, Z, t & NP contributions can be written in terms of
WET operaTors built with diL,p, UiL,R, |iL,R, phOTOHS & 9|UOHS§

P T wpay, -«,C Qe = v
QF = (5L, pL)(piv AP P- ey = 64 510 FPby
Q5 = (5rYupr)(PrY"bL), q=td.5.6;b
Sabr) Y o(@a), Qov = (SL%J?L)(M f),
a B _
) Q104 = E(SL%(?L)(MMWW) ;
i ) | T~ (5LbR )T
q ) B
. Q _(ngR 20).
Qgg = 6Z 3mb3L0'/,wG bR A7
CNF — T (CH + cHa + 0s,)
P Qe A A2 ’
Small coefficients or doubly e e
Cabibbo suppressed W g, (el i),
Gh" = Cstas + C5.
2 2223 2223 ) »
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EFT for b - s I'l- decays in

three step

3) Compute matrix elements of WET
operators:
* B;— pp only from <Quo>, no large logs, very clean
* B> KO I'I- from:
* Qo, Q7 and Qo at tree level;

* Qi.2¢ at one loop:

* O(4rnas) (factorizes in the my—o limit, perturbative)
or

* O(162A/my) (power correction, nonperturbative)

\
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THE CHARM CONTRIBUTION

* Computable in the infinite my limit (QCDF)

Bjorken; Beneke, Buchalla, Neubert & Sachrajda; Beneke, Feldmann & Seidel

* In the real world, nonperturbative power corrections due to the
infermediate ccsd state are important cischinietal

* Nonperturbative methods working in Euclidean spacetime
(lattice, QCDSR) cannot (yet) cope with rescattering in B decays

. Maiani & Testa
* Two classes of power corrections:
- BoK® + (cc—I): has known analytic structure in g2, can be estimated
at low g2 using LCSR

Khodjamirian et al; Gubernari et al.

- B— (ccsd)—KOFI-, e.g. B— (DO DM)—KOII: unrelated to g singularities,
no estimate available. Notice: BESIITI observes a near-threshold
structure in the K recoil in ere” — (D% DO) K, xiv0011 07855
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WHAT IS AFFECTED BY

CHARMING PENGUINS?

* Charming penguins do not affect observables
independent on photon exchange, i.e. on Crs:

- BR(Bq —> /+/_)

* In the Standard Model, charming penguins do not
affect Lepton Universality (LU) ratio predictions, which
are 1 up to lepton mass effects and QED corrections:

B RK, RK"‘, RpK,

* Anything else, including LU ratios beyond the SM, is
affected by charming penguins.
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HOW TO PERFORM AN

EFT FIT

* Current evidence of LUV calls for NP, but LU ratios
beyond the SM in general depend on charming penguins:
determine simultaneously EFT coefficients and charming
penguins from a global fit of all b—sl*l- observables

~ Fully Data Driven: no assumption about charming penguins
(except for Taylor expansion in q2). equivalent to, but more
powerful than, fit of LUV ratios only See also Isidori et al.

~ Partly Model Dependent: assume LCSR result for charming
penguins at small g only

~ Fully Model Dependent: assume LCSR result and analytic
structure in g°
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ONE-DIMENSIONAL NP

SCENARIOS

* Dramatic effect of
charming penguins on the

i Sem SE-u Cs"P scenario
H 3 * Moderate effect on C'<,
| small effect on Cio'\¥
o o * Using IC=-2<log/>+46%,,
= i Cs'* is largely preferred
S using LCSR + analyticity,
while C'*? and C1o"* are
L preferred with more

conservative assumptions
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TWO-DIMENSIONAL NP

SCENARIOS

3
Data Driven 2.0
D) o et LCSR @ ¢?> < 1 Data Driven
—— LCSR —— LCSR@ ¢*< 1
11 Loy — posr
o & 10
O sl
—1- 0.9
—2 0.0
=5 1 0§ 1 3 3 05—
> 4 -3 =2 -1 0 1 2
CLQ ’ (NP

2223

Inference on NP coefficients depends on assumptions on charming penguins.
In Data Driven fit, AIC similar to 1D C*? and Cio™* scenarios.
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FOUR-DIMENSIONAL NP FIT

* Dependence on
charming penguins
evident

‘W * 4D scenario is
= favoured using

QCDSR +
analyticity,
‘ disfavoured in Data

Driven approach

A Nl 5 .. =10 o .0 2 = = == —
(1.3) e Ld ed
Cras C3% Ch3zs CS53 14



CONCLUSIONS

* Evidence for LUV in b—sl*l transitions very exciting

* Unbiased NP inference calls for a conservative
treatment of charming penguins

* A purely data driven approach is the way to go,
already offering remarkable insight on NP thanks
to the huge experimental progress

* It's time for a joint th+exp effort to optimize our
hunt for NP!
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BACKUP

NP scenario Approach 68% HPDI AIC
Data Driven [—3.04,-1.10] U [1.48,1.99] 21U 13
A CHF LCSR ¢ <1 [—1.44,-1.01] 43
LCSR [-1.37,-1.12] 94
Approach Rk R+ R+ P. P; Bs — pp
Data Driven [0.65,1.05] 38 [1.1,6] [0.045,1.1] [1.1,6] (4, 6] [6, 8] x10°
B: CL3, LOSR ¢ <1 (0.67,0.88] 60 Exp. - 0.848(42)  0.680(93)  0.71(10) -0.439(117) -0.583(095)  2.86(33)
s [0:77,0.96] - Data Driven | 0.84(4) 0.86(4) 0.81(13)  -0.47(5) -0.53(7) 3.58(11)
A | LCSR ¢*<1 | 0.76(4) 0.89(1) 0.85(3) -0.44(5) -0.55(6) 3.58(11)
Data Driven [0.53,0.79] 39
LCSR 0.76(2) 0.89(1) 0.83(1) -0.45(4) -0.59(4) 3.58(11)
€ 2
it LCSR ¢* <1 [0.66,0.90] o Data Driven | 0.83(4) 0.85(2) 0.75(5) -0.48(5) -0.54(7) 2.64(21)
LCSR [0.56,0.79] 20 B | LCSR ¢*<1 | 0.76(3) 0.86(1) 0.76(3) -0.46(5) -0.56(6) 2.74(11)
Data Driven {[0.20,1.03], [-0.82,0.15]} 37 LCSR 0.72(3) 0.85(1) 0.74(3) -0.63(3) -0.74(2) 2.65(10)
D: {C43,,C%5:} | LOSR ¢ <1 ([0.61,0.86], [~0.37,0.11]} = Data Driven | 0.82(3) 0.86(1) 0.75(5)  -0.49(5) -0.55(7)  2.56(19)
C LCSR ¢ <1 0.83(2 0.85(1 0.76(3 -0.48(5 -0.57(6 2.40(16
LCSR {[0.90, 1.10], [0.53,0.79]} 96 = @ &) @ ®) © (16)
LCSR 0.84(3) 0.87(1) 0.74(3) -0.73(3) -0.80(2) 2.55(16)
Data Driven {[-0.81,0.46], [0.51, 0.83]} 37
Data Driven | 0.83(4) 0.85(2) 0.75(6) -0.49(5) -0.55(7) 2.58(23)
D: {5, CN° 2 ~0.67, —
(G0} | LOSR ¢* <1 {[-0.67,~0.20], [0.47,0.76]} 57 D | LCSR ¢#<1| 0.77(4) 0.85(1) 0.76(3)  -0.47(5) 0.57(6)  2.67(21)
LCSR {[-1.33,-1.06], 0.15,0.34]} 96 LCSR 0.71(3) 0.87(1) 0.77(3) -0.48(4) -0.62(4) 3.20(16)
B (G123, 695; Data Driven | {[—0.06,1.18],[—0.99,0.35], [—1.30,0.34], [~ 1.25,0.56]} 30 Data Driven 0.84(4) 0.82(4) 0.68(8) -0.43(6) -0.55(7) 2.54(29)
2
Oy, Cshs} | LCSR ¢* <1 | {[0.83,1.32],[-0.05,0.76], [—0.59, —0.10], [0.58,0.27]} 54 E JLCSR ¢*<1 | 0.79(4) 0.81(3) 0.65(8) -0.47(5) -0.56(6) 2.64(24)
LCSR 0.80(4) 0.82(2) 0.67(4) -0.49(4) -0.64(4) 2.80(22)
LCSR {[1.03,1.23],[0.69, 0.97], [-0.49, —0.17], [-0.25, 0.43]} 105
E: {C}F,CF, Data Driven {[~1.05,0.75],[0.38,0.81], [-0.57, 1.82], [-0.31, 0.12]} 30
CyNP Oy | LCSR @2 <1 | {[-1.45,-0.59],[0.29,0.70], [-0.06,0.82], [-0.37,0.08]} 54
LCSR {[~1.55, -1.27],[0.11,0.31], [-0.17,0.52], [-0.47, —0.14]} 105
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Data Driven (current)
Data Driven (2015)

LCSR (o
LCSR@ ¢ <1 — C5P

Data Driven (current)
Data Driven (2015)

LCSR lorad
LCSR@ 2 <1 —— (5P

¢ [GeV?
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