1 Kobayashi-Maskawa Institute for the Origin of Particles and the Universe

Impact of the b to s I anomalies

on
dark matter physics

Yuji Omura (KMI, Nagoya)

Based on arXiv:1706.04344
J. Kawamura (U. of Tokyo), S. Okawa (Nagoya U.)



Introduction

My talk Is motivated by the excesses in b tos i
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Observables

Lepton universality in BT — K171~ (I =e, p) (1406648
Angular analysis of By — K pu ™  (1308.1707;1512.04442)

Lepton universality in By — Kjl1T1~ (Il =e, p) @LHCb.

(Talk by Bifani@CERN, 2017.4.18;1705.05802)



Experimental results

* Lepton universality in BT — K171~ (I =e, pu) (1406.6482)
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* Lepton universality in Bo — Kopu'tpn™

(Talk by Bifani@CERN, 2017.4.18;1705.05802)
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Other interesting and important points

« B2 K ee looks consistent (Hiller, Schmaltz1408.1627;LHCb, 1406.6482)

’ Smaller b— s is suggested.

- Similar excesses are reported in By — ¢utpu and A — Apt

(1506.08777) (1503.07138)
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* The excesses are reported in specific g™2 region:
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the excesses around here!

This region is sensitive to new physics!



There might be new physics In
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Q: Which kind of operators are favored?
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There might be new physics In
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Q: Which kind of operators are favored?
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1 I,
AHnw = =755 (527:b) (17" 1) = 5 (SLyubr) (1 5 10)

Q:How big is A?

A ~ 25TeV (about 20 % of the SM contribution)



Q:What are the good candidates for new physics?

b > b S b leptoquark

O,




Q:What are the good candidates for new physics?

My talk

What is the prediction?
(in the case that X is DM.)



Setup



Just introduce SU(2)-doublet fermions and X:
(Kawamura,Okawa, YO, 1706.04344)

Fields  spin SU(3). SU(2)g U(l)y U(l)x

Q' 1/2 3 2 1/6 1
L 1/2 1 2 —1/2 1
X 0 1 1 0 1

mx XX +mgQ 1 Qr +mp L Ly + MNQ rXQ% + N\, L', X ur + h.c.



Just introduce SU(2)-doublet fermions and X:
(Kawamura,Okawa, YO, 1706.04344)

Fields spin  SU(3).  SU(2), Uy  Ul)y
Q' 1/2 3 1/6 1
L 1/2 1

mxX'X +mg Q' Qr +mp L' Ly + A?@R@QQ + AN LAX Y ur + hec.

» X is complex scalar DM.



Just introduce SU(2)-doublet fermions and X:
(Kawamura,Okawa, YO, 1706.04344)

Fields  spin SU(3). SU(2). U(l)y U(l)x
Q0 1/ 3 2 1/6 1
L 1/2 1 2 —1/2 1

mxXTX + mQ/@LQ'R -+ mL/PLLE:{ ‘|‘R®Q7L ‘\‘@L@ML + h.c.

» X is complex scalar DM.

- A'i are flavor-dependent couplings.

(Tune them to explain the excesses and avoid many flavor constraints.)



Just introduce SU(2)-doublet fermions and X:
(Kawamura,Okawa, YO, 1706.04344)

Fields spin  SU3).  SU@2), Uy  U(l)x
Q) 1/2 3 2 1/6 1
L 1/2 1 2 —1/2 1

mxXTX + mQ/@LQ'R + mL/FLLEQ —I—R@Q}J @@ML + h.c.

b S

X: DM candidate




Phenomenology



Constraints from LHC (Kawamura,Okawa,YO, | 706.04344)

mx XX +mg Q' 1 Qr +mp L' Ly + NQ rXTQ% + A\ L'x X ur + h.c.

2j(b) +missing




Constraints from LHC (Kawamura,Okawa,YO, | 706.04344)

mx XX +mg Q' 1 Qr +mp L' Ly + NQ rXTQ% + A\ L'x X ur + h.c.

2 U +missing




Constraints from LHC (Kawamura,Okawa,YO,1706.04344)

mo Q' 1 Qr +mp L' Ly + M Q' XTQ% + N\, L' X ur + h.c.

From 2j(b) +missing
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From 2u +missing

my > 500 GeV



b —s Il (Rk and Rk*)

(Kawamura,Okawa, YO, 1706.04344)

mQ/@LQ’R -+ mL/FLL}% + )\,?@RXTQZ + )\ML_;RXT/LL + h.c.

Box diagram gives b—sll :

X: DM candidate
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Large Yukawa is required



b —s Il (Rk and Rk*)

(Kawamura,Okawa, YO, 1706.04344)

mo Q' [ Qr + mp L/ Ly + N Q s XTQ% + N\ L', X g + h.c.
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DM physics



' i : K . Okawa,YO, | 706.04344
Connection with DM physics "% )

* Large Yukawa is compatible with the relic density in scalar DM model.
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' i : K . Okawa,YO, | 706.04344
Connection with DM physics "% )

* Large Yukawa is compatible with the relic density in scalar DM model.
* Direct detection is at the one-loop, but sufficiently large!

— XENON I'T will conclude this scenario!

X u,d

Q.,Q.l,1 Q. Q Q' A

X u, d



Connection with DM physics

(Kawamura,Okawa, YO, 1706.04344)

* Large Yukawa is compatible with the relic density in scalar DM model.

* Direct detection is at the one-loop, but sufficiently large!

— XENON I T will conclude this scenario!
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Summary

- Number of u is less in b to sll processes@LHCb:

— This may be the signal of extra fermions and scalars which couple to M.

— This excess may give a hint to understand the hidden sector of our universe.

- | show a simple setup motivated by the excesses.

b to sll excesses require large U coupling.

Signals at LHC are SUSY-like: m¢g: 2 1.5TeV, my, 2 500 GeV
whenmyx < 300GeV

Large U coupling can achieve the relic density if DM is scalar.

Direct search for DM will conclude this setup!

Bs— UM, B=>KVV are also good processes to prove this model.

END




Backup



In the Standard Model, the b to s Il iIs given by
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Angular analysis of By — K" ™ (13081707 1512.04442
ATLAS-CONF-2017-023;CMS-PAS-BPH.- | 5-008)
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Parameter dependence (GengGrinsteinetal, | 704.05446)
4G r 2
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Global fitting

(Descotes-Genon,Matias,et al., 307.5683;Hiller,Schmaltz, 1 408. 162 7;Altmannshofer,Staub,
1503.06 1 99;Descotes-Genon,Matias,et al., 1 510.04239;Altmannshofer,Stangle,et al,,

1 704.05435;D’Amico,Nardecchia et al.,1 704.05438; etc.)
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(Hurth,et al, 1603.00865)
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