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b — sutp~ anomalies Il: LFUV
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What is behind the anomalies?

none of the anomalies is significant as individual observable ...
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Possible explanations:
» underestimated form factor uncertainties?
» effect from non-perturbative charm loops?
» new physics (Z’-models, lepto-quarks, ...)?

explanation | Rx) | Pb | Bs = outp~
form factors X X v
charm loop X v v
new physics v v v
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» tree-level new-physics contributions .
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Simultaneous solution requires loop-contribution to b — s~
» 7' penguin contribution: [Bélanger,Delaunay,Westhoff'15]
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» Three new particles:
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Minimal scenario

B 'z " +

» Three new particles: . .
» one vector-like fermion W o ;

[oys P,

» two scalars ¢, ¢, N L

(or vice versa)
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» scenario with left-handed couplings I}/, I'},, '/ allows for good
description of b — s¢T¢~ data:
| ©r KR
qr, | CYF = —cNF (4.60) CP =P (1.00)

qr | Cg¥ =—CI7 (0.60)  CNF =CIYY (0.10)

in our analysis: CJ'f = —CIF € [-0.97, —0.37] (20)
new global-fit result (incl. Rx«): [—0.87,—0.36] (20)
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» Consider SU(2), SU(3) representations present in SM:
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I 1 1 2 A 3 1 1
II1 3 3 2 B 1 3 3
v 2 2 3 e} 3 8 8
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Characteristics of minimal scenario

» no additional sources of SU(2).-breaking:

» Z-penguin contribution to b — s¢* ¢~ irrelevant
(mj3/m?% suppression compared to box contributions)

» corrections to Z — "~ proportional to m?%, /mip:
1-2 orders of magn. below the sensitivity of LEP for
MNP Z 1TeV

» constraints from b — sv less important than B, — B, mixing

» Collider signatures:
similar to sbottom and neutralino searches
— masses 2 1TeV still viable with current Atlas/CMS data

» Contributions to flavour physics
Bs — B mixing b— sutp~ (9—2),
box: (I';T')? box: (I';I',)|T,|>  penguin: |T',,

2




» 2.70 tension between experiment and SM:
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» NP contribution (my,, ~ mae,)
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(9 - 2)u

» 2.70 tension between experiment and SM:
Aay, = a® —ab™M = (236 £ 87) x 107!

» NP contribution (my,, ~mae,,)

I Q) I
_—— - —

W)

my

Aa, = (5.8x107'%) &,, [T,[? (

%777 €4, - gauge group factor

» maximum enhancement: Lo =24
for U = (8,2), &, = (8,1), hypercharges | X| < 1

my
=T, > 2.1 2
| M‘ — TeV ( U)

1TeV )2

» reduction of tension in (g — 2),, below 2o requires |I',,| > 2
— large but still viable (Landau-pole at > 103 TeV for |T',,| < 2.4)



» non-vanishing I'. would generate ;1 — ey
— correlated with (¢ — 2),,
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Br(pu — ey) = agepmuTy

Aay,
» experimental constraints at 20

Aap® =61 x 107", B (4 = ey) <4.2x 1077
= [Te/T,] <2x 1077

» bound on |T'.| consistent with ', ~ 0
— coherent with Rg)
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» moderate constraints on Z’ models
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» moderate constraints on Z’ models
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» tight constraints on models with box-contributions
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Constraints from B, — B, mixing

» with Fermilab,MILC’16 lattice results:

AME®
T AMEM
— experiment slightly below SM prediction

RaB, —1=-0.09+0.08

» NP contribution positive for real couplings T'y, I's
— tight constraints



Constraints from B, — B, mixing

with Fermilab,MILC’16 lattice results:
AN

T
— experiment slightly below SM prediction

RaB, = = —0.09+£0.08

NP contribution positive for real couplings I'y, T's
— tight constraints

consequence for b — su /Fi

G| =[O = 3 & [TiTy| [Tul? x (1 TeV/my)
< 0.0 \/ZB_E‘F“‘Q x (1 TeV/my)

size of ', needed to solve b — s¢¢~ anomalies:

box
less dependent on reps. of new particles: &9 ~ 1.7
p p p < TBB)W
my
— T, > 2.1 2




D — D mixing

» SU(2), symmetry: I'}_, linked to T'; ., by CKM rotation
Fu = Vusrs + Vubrb ~ Vusrs
Fc = chsrs““/cbrbzrs

— contribution to D — D mixing generated

» B, — B, mixing: oc |T|% |I's|?
D — D mixing: o< |Vis|? [T |*

» fulfill B, — B, mixing constraint with
‘Fb‘ - O(1>7 ‘rs| < ‘Fb‘

— D — D mixing constraint also fulfilled



Relaxing the B, — B, bound for box diagrams

consider Majorana fermions in box:
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new particles v 2 2 3 c 3 8
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A-l: Majorana singlets
cancellation for Mg & My =m
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consider Majorana fermions in box:
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v = (1’1)5 Qg = (352), o, = (152); my ~ Magy, Mo, ~ 2my

» absence of bound from B, — B, mixing for my = maq,, allows
solution of b — s¢*¢~ anomalies at 20-level for

[Cy| = [Ts| = [T Z 1.6

» For ms, < myv anegative contribution to By — B, mixing is
generated, as preferred by current lattice data

lo—, 20—, ranges
from b — st ¢~

AMET/AMEY!

me, = 2my = 2TeV, FM =2
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Conclusions

we have studied box cotributions to b — s ™~ from one
aditional fermion and two additional scalars (one additional
scalar and two additional fermions) for various representations

left-handed couplings to the SM fermions lead to the scenario
Cy = —C\, capable of solving the b — su™p~ anomalies

both the b — s, ™1~ anomalies and (g — 2),, can be solved
simultaneously for a rather large coupling to muons:
IT'.| Z 2 for new particle masses at the TeV scale

for b — su*p~ the requirement of large T',, results from the tight
B, — B, mixing bounds, which can be relaxed in scenarios with
Majorana fermions



