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Introduction

b — uly = sandbox for CKM and form factor determination

Any room for new physics?
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Part 1: WE'T
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WET: setup
4Gr OPN0)
Heg = HIM + ==V Y C1V0OY + hec.
fF F \/i b%: 3 i C
OV = (wp"br) () 0 = (@py"br) (o yumir)
O(l) = (urbr)(lrviL) O( ) — = (arbr)(gviL)

O(l) (URUWbL)(ZRUWVlL)

— O =14 2 Jog(m2)

— numerical analysis using flavio [1810.08132] and smelli [1810.07698,

2012.12211]
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N
WET: data

B — lv sensitive to Cp = Cs,, — Cg, and Cy = Cy,, — Cy,

BR(B — ev) [Belle: 0611045]
BR(B — pv) [Belle: 0611045, 1911.03186]
BR(B — tv) [PDG average]

— B — 7 sensitive to Cs = Cs,, + Cg,, Cv = Cy, + Cy, and Cr
— B — {p,w} more complicated

differential branching ratios of B — {m, p, w }{v measured:
— [Belle: 1012.0090, 1306.2781]
— [BaBar: 1005.8288, 1208.1253, 1205.6245]
— combined in HFLAV [2206.07501, 2104.05739]
— only combination of e and p channels = LFU in £ = e, (when B — (v
not relevant)

— form factors

— B — m: lattice + LCSR [Leljak et.al. 2102.07233]
— B — {p,w}: only LCSR [Bharucha et.al. 1503.05534]
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N
WET: selected results

results compatible with [Leljak et.al. 2302.05268]
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Part 1I: SMEFT
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SMEFT: setup

C;
Lo = Lom+ ) 5@
T

Q2 | Gpyule) @y ar)

CVL Ql(f;) ([p’moalr)(%"fuga%)
Csp | Qiedq (Bher)(dsquyz)
1 77 _
Cs, | QL. (Ber)ejn(@ur)
Cr | Qg | Bouwer)sn(@ o ur)
(3) T '<_>a, = n
CVL Q¢>q (¢ ~’L D M(ﬁ)(%atﬂ/ qr)
Cvp | Qoud (91D @) (apy*dy)

QY | (61D o) @ntar)

— full set of Dim-6 operators relevant to b — ufr at the NP matching scale
A=1TeV

— use wilson [1804.05033] for running and matching down to WET

— minimal flavour structure (e.g. 13 in quark sector)
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SMEFT: complementary constraints

— SU(2) relations = b — d¢¢ and b — dvv
— B — ee [LHCb: 2008.03999]
— B — pp [LHCb: 2108.09283, 2108.09284, CMS: 2212.10311, ATLAS:
1812.03017]
— B — mee [Belle: 0804.3656], B — wuwp [LHCb: 1509.00414]
B, — K*%uu [LHCb: 1804.07167]
— B — wvv, B — pvv [Belle: 1303.8719, 1702.03224]
— see talk by A. Smolkovic tomorrow or [Greljo et.al. 2212.10497, Bause et.al.
2209.04457] for detailed WET studies of this sector

— high-mass Drell-Yan tails sensitive to contact interactions e.g. [Greljo et.al.
2212.10497, Allwicher et.al. 2207.10714]

— differential spectra in both NC and CC by [ATLAS: 2006.12946, 1906.05609]
and [CMS: 2103.02708, 2202.06075]

— B° mixing via double insertions of modified Z boson vertex OR RG
running into 4-quark operators C(Sé) and 052).
~ AMg and Sy [HFLAV: 2206.07501]
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N
SMEFT: selected results

— WET motivated:
— Scenario 1: (Cv,,Cvy) = (CS) and Cl(ql), Coud)
— Scenario 2: (Cv,,Cvy) = (Céi) and Cfiiz)’ Coud)

— Scenario 3: (C(l) )

lequ lcqu) and Cjeqq considered separately
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N
SMEFT: selected results

Scenario 1: (C’l(q1 ,Clq , Cpud)
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SMEFT: selected results

(1) (3) ; (1) _ (3)
(C’lq vs. Cp ) , profiling over Cyyq (C’lq =—C);’ vs Coud)
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N
SMEFT: selected results

Scenario 2: (Cd(iz , C¢q , Cpud)
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N
SMEFT: selected results
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N
SMEFT: selected results

Scenario 3: (C) ¢ ) and Cledq

lequ’ ~lequ
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SMEFT: selected results

(1) (3)
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Part 11I: Models
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Models: tree level mediators

— finite number of NP single mediators matching at tree level

— only a subset (4 scalars, 5 fermions or 5 vectors) could play a role for
b— wly

— each requires two independent couplings = correlations with other
observables

— notation and matching from /de Blas et.al. 1711.10391]

Jakub Salko (Uni. Basel) EFTs for b — ulv CERN, 26 October 2023 13 /19



Models: tree level mediators

(CDears
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Models: tree level mediators
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|
Models: LQ + VLQ

— consider w (scalar singlet leptoquark) and @ (vector-like partner of the
quark doublet)

— wi assumed to be a doublet under leptonic SU(2) to generate LFU
SMEFT operators

—L5 S(yd wl ,qSioaly + (w%)s w! ,q§ioaly + hc.
+ (MG )1 Qirour + (A )3 Qireds +hec.

— LQ generates [Cl(ql)]prst = —[Cl(j)]prst with prst = {€€13, €011, ££33}
VLQ generates [Cyualis, [Couli1, [Coalss (also Que and Q)
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S
Models: LQ + VLQ
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Summary

— most WET operators best constrained by semileptonic decays except for
the pseudoscalar operators constrained by the fully leptonic decays

— SMEFT implies important correlations with NC b decays, B® mixing and
high-mass Drell-Yan tails
— b — uwlv important for ([Ql(;)mlg = —[Ql(g)]zmg,[de]lg) parameter space

— a limited number of tree level mediators matching onto the SMEFT
operators relevant for b — ufv all constrained primarily by
complementary constraints

— exception of wy ~ (3,1, 7%)5, Q1 ~ (3,2, %)F and B~ (1,1,1)y
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Thank you for you attention
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Backup: WET results - Cy, = —Cy,
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Backup: WET results - ng ) vs. C’é’; )
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|
Backup: V,
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Backup: SMEFT results - VC in complex plane

(1) (3) ; (1)
(Cyq vs. Cg4) , profiling over Cyuq (Chy = C’ ) vs Coud)
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Backup: SMEFT results - scalars and tensors in p

channel
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Backup: running

flat direction ng) = —Cf;) unstable under RG effects

the two operators run differently due to y;-enhanced contributions of
diagrams with Higgs attached to one fermion and emmiting another Higgs
from inside the loop [Jenkins at.al. 1810.4838]

65, =3[08, vt -], e

3

[C“)]m oc % [cgfl)]pt YV Yaler = [C;f}]pt Y Yaler

- C’gz) and Cé?;) also run into Célll) and C’q(g) by closing the Higgs loop by

two insertions of top Yukawas [Jenkins at.al. 1310.4838]

[c';p]pm o %[YJ Yulor (O] + %[YJ Vst [Cé?]p,. O

x —%[YJYU]W [C;f;’]st - %[YJ Yulst [C;f’f]m

[652),...

— the RGE contribution to the BY mixing will be non-vanishing even the
case Cé;) = —Cg;) when the Z vertex does not get modified
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S
Backup: LQ+VLQ model matching to the SMEFT

1 \* l
LSMEFT DW ([Q(l)] - [Ql(s)]ffli%) + (0011 + £433)
)\d u ) * 2 2
+7( Qlj)\;g Ql)l[qud]w* |(2]c\341é1| [Qpul11 + |(2M3 g [Qpalss
917 100G ) i 95510, )l
W[QW] W[Qd(ﬁ]w

— with the index ¢ running over all three generations

— notation and matching from /de Blas et.al. 1711.10391]
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