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The b — s anomalies

@ Theoretically clean test of LFUV in b — s transitions

[% dg?dT (B — KOyt y~) /dg?
R[q(lqu] — 91 (1)
*) 2
K JZ dg2dT(B — K(Mete)/de?

@ Several anomalies at LHCb:

RILEIGM) _ 1 00 4 0.01 RIONEP) — 0.846+9002 (2.50)
R[l 16(SM) _ 1 90 4+ 0,01 REf’ﬁ](exp) = 0.660"9313 (3.00)

RIOSLIGM) 0 99 +0.03 RPIHIEP) — 68570122 (1.90)

@ Additional deviation from SM in b — s at LHC:
BR(Bs — pt ™ )SM) = (3.65 £ 0.23) x 10~°
BR(Bs — pF ™)) = (2,93 +0.42) x 107° (1.50)
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Tree-level explanations in EFT

@ Data indicative of new physics which induces vector-current

semi-leptonic operator(s)

@ Considering physics about EW scale, should respect full SM
gauge-invariance (SMEFT)

@ Working cases involve:

Q(lll' = (Laulia) (27" qes) Q(g’lzfl = (a0 o) (@27 0" q13)
aa23 a3

Q eq = (BRau€Ra)(@27"q13) @ ed = (BRaVu€Ra)(dr2Y"dR3)

aa?23 aa23
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Tree-level explanations of the anomalies
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Now at one-loop

o New physics with C/A? ~ 1/(20 TeV)? difficult to observe,

but one-loop solutions involve much lower scales

@ Searched for single WCs which could viably explain the

anomalies at loop level

193

1%

@ Worked in Warsaw basis, with Yy diagonal at A, and

computed at leading-log order
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Constraints on the EFT

@ Lower new physics scale = more stringent constraints

@ Include shift in Z-boson couplings to leptons, LEP contact
interaction bounds on operators of the form

(’)Z.(Y = (evuPxe)(@iv"Pyq;), and meson decay ratios

@ LEP bounds mean operators with electrons generally more

constrained than those with muons
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@ Bounds from meson decays: define

e/u _ BRIK= —ev) e _ BR(B— Duv) )
K~ BR(K- > )’ © = BR(B— Dep)

° C,(3) is very constrained by the measurements
re/HeP) — (2.488+0.010)-1075 r/*OM = (2.477+0.001)-107° (3)

P/ (&) — 0.995 + 0.045 r/eBM) — 0.9957 +0.0004 (4

@ These give us

c® —c® €(-010,003) x (A/1 TeV)?  (5)

1122 2222

3 3
c® —c® €(-0.80,0.70) x (A/1 TeV)?>  (6)
1133 2233
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e Set A =1 TeV; enforced |C| < 10, which corresponds to
16Co,10l 5 1€530 |

\ Wilson Coeff. \ Indices \ 20 range \ Rk \
(1133) | (—0.41,0.02) | (0.91,1.01)
cW (2222) | (—5.4,0.90) | (0.48,1.1)

(2233) | (—0.31,0.72) | (0.85,1.07)
) — (1133) | (—0.41,0.18) | (0.84,1.09)
(2233) | (—0.56,0.42) | (0.83,1.25)
(2223) | (=10,10) | (0.88,1.07)

@ In the last column: R[l o R[l 1.6]
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Single mediator solutions

@ Used EFT results to find single-mediator models: either LQ
with one coupling or Z’ with two couplings

@ Four solutions:
1. S3~(3,3)13 coupled to /12q3
2. 51~ (3,1)1/3 coupled to /11913
3. U~ (3, 1)2/3 coupled to /11913

4. 7' ~ (1,1) coupled to lj2/15 and ugougs
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LQ with single coupling
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Z" with two couplings

mz=500 GeV

LD —giZl iy i 4
— 8k Z, URiY" URK
+h.c.
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Concluions

@ Interesting pattern of deviations from the SM in b — s¢¢
transitions

@ We comprehensively classified new physics explanations in the
language of the SMEFT, including viable contributions at

one-loop leading-log order

@ The Cj, case previously known, C,E;) and C,(ql) + C,S’) options
pointed out for first time

@ Demonstrated minimal single-mediator solutions to the

anomalies
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Back-up slides
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Effect of Yukawa running |

o Neglecting gauge couplings, the SM Yukawas run as

1672

dy,
d:%ﬁ@n-nﬁn%&{ﬁn+ﬁ@4ﬁn
dlogp 2
(7)
o If Yy is diagonal at scale A, this running induces an
off-diagonal entry at y = m;, namely

3V Visyly? A

Y, ~ Dt TBIbTE (o
( d)32 pi=m; 3271'2 og m; ’ (8)

where y! = yi(n = A)
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Effect of Yukawa running Il

e Shift in Gy, Cyg is given by

a a m? A «a a
Cy = —Cyp =~ T Torag 2 log m (Apix + Adiag) ;o (9)
where the RGEs give
o 1 1 3 3
o =Ch 4 cl) 4 1B (0

a2 aa33 a2 aa33

and the contribution induced by the SM Yukawa running and

quark doublet redefinition at m; is

lq

NG,y =3 (—C(l) +cl —c® 1+ c®) ) .o
aa?22 aa33 a2 aa33
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The full table—electron operators

] Wilson Coeff. \ Indices \ 20 range \ Rk ‘

c® (1122) | (-0.10,0.02) ~ 1

Iq (1133) | (—0.05,0.48) | (0.98,1.11)
) (1122) | (=0.19,0.14) ~ 1

Iq (1133) | (—0.41,0.02) | (0.91,1.01)
c) _ 06 (1122) | (—0.10,0.03) ~1

Iq Iq (1133) | (—0.41,0.18) | (0.84,1.09)
c (1122) | (—0.35,0.83) ~ 1
eq (1133) | (—0.21,0.28) ~1

c (1123) | (-1.5,1.5) | (0.97,1.02)

fu (1133) | (—0.02,0.43) | (0.95,1.01)
c (1123) | (—1.5,1.5) ~ 1
eu (1133) | (—0.29,0.21) ~1
Che, C& or ¢ (11) | (-0.02,0.03) ~1
¢ =-cB | (1) |(-0.03,0.02) ~1
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The full table—muon operators

] Wilson Coeff. \ Indices \ 20 range \ Rk ‘

c® (2222) | (—0.03,0.10) ~ 1

lq (2233) | (—0.60,0.24) | (0.95,1.13)

c® (2222) | (—5.4,0.90) | (0.48,1.1)

Iq (2233) | (—0.31,0.72) | (0.85,1.07)

c) _ B (2222) | (—0.03,0.10) | (0.99,1.03)

Iq lq (2233) | (—0.56,0.42) | (0.83,1.25)
c (2222) | (—1.92,10) ~ 1
ed (2233) | (—0.90,0.24) ~ 1

(2223) | (~10,10) | (0.88,1.07)

Cl (2233) | (—0.76,0.36) | (0.92,1.04)
c (2223) | (—10,2.4) | (1,1.07)
eu (2233) | (—0.28,0.96) ~1
Che, C or | (22) | (—0.04,0.05) ~1
cp=-c® | 22 | (0.0,0.13) ~1
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LQ with single coupling
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LQ with single coupling
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