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1. Introduction



Interesting points of (3avor physics:

sensitive to very high-scale physics.



Interesting points of (3avor physics:

sensitive to very high-scale physics.

experimental results are deviated from the SM predicti
IN some observables relevant to 2nd and 3rd generatic



The processes where deviations are reported

B KMI(l=¢e) )processes B D*k(I=e",$) processes
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Excesses reported in the observables do not have lare
theoretical uncertainties.

(Other obs. such as (g-aje also Interesting, but | concentrate
these processes.)



There may be new physics!

Bl KMI(1=¢e) )processes| B D™ (I=e",$) processe:
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Interestingly, the required NP scale Is as low a:
the direct search (LHC etc.) can reach



In my talk, | introduce

new physics possibilities

how to test them at the LHC etc..



2. The new physics Interpretations
of the B—K(¥)ll anomalies




In the SM, the B to K(*) lldecays are caused by
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In the SM, the B to K(*) lldecays are caused by
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the operators in the Standard Model
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In the SM, the B to K(*) lldecays are ==~~~ i
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Long distance

contributions from €.
. above open charm

dominant operator is different!
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the operators in the Standard Model
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In the SM, the B to K(*) lldecays are ~—= =~~~ ;-
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Depending on g2, | le/ J above opencharm
dominant operator is different!
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The observables where the excesses are reported in this g"2
region:
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Lepton universalityBi — K*1*I' (I = e, 1) (1406.6482,1903.09252)
Lepton universalityBgn! Kjl*I' (I=e, )  (1705.05802)
Angular analysis®f! Kiu*p  (1308.1707; 1512.04442)
@LHCDb experiment.



Lepton universalitygin — K* 171" (I = e, J) (1406.6482,1903.09252)
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New result shows 2o8leviation@LHCb

Ry = 0.8467 0024 (stat) T o16 (syst) (1903.09252)



Lepton universalityBin! Kop™p

s o a
S ~2%deviation L =
S - _ -
1.0 +
5 —
- 4 . | N
| | .I 7 II ﬁ
- Q
A . _ | o !
| - N 0.05 —+—= :
- ! l
® LHCDL A Belle I
W BaBar ¥ Belle 2019 Jv Y(2S)
0.0 AN A AN T NN NN NN TN NN NN NN NN N NN AN NN NN B 0
) 5 10 15 2) ;0 3 10 1S
arXxiv:1606.04731 §* [GeV?/ ¢4

7 [GeV?/cl



Lepton universalityBin! Kop™p

x107°
2.0 i & (’ IS"\—I T T ] L B
i -0 . . ~ 3 -
: ~2%deviation L é B Ky
15 | T < tk THCH
- = ol :
- ~+ O | oy [—
. _ o .
[ 4 ~
1.0 |+ 1 | Qq - .
[ | =Y | | o ! e .
o2 0 05| \ +
05 = == ——
- | ® LHCL A Belle i -
L LHCb W BaBar ¥ Belle 2019 [ Jv Y(28) ]
0.0 [T NN T (NN TN T T AN TN NN Y SN NN T M 0 N
0 5 10 15 20) ;0 - 10 5
arXiv:1606.04731 g* [GeV7/ 4]

(/2 [G(* \/? ‘;" (_“'."1]

There are similar deviations i&"™Bs and' bl"™



Angular analysisBY ! Kou™ i (LHCb, JHEPO2(2016)104
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Many new physics interpretations have been proposed

Depending on the new physics,
the spin structure Is different.

(5! pb (! Ppy) (1,J = L, R) etc.



Which structure Is favored?
demonstration
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Which structure Is favored?
demonstration
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Which structure Is favored?

(J.Aebischer,et.al., 1903.10434)
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The SM-like operatorsg(iarks are left-hangedre favored

and destructive interference with the SM Is require



Many possible new physic have been proposed:

0 S
b. leptoquark s b

vd LQ

Required NW scale 1s about A =25TeV



Rough sketch of BSMs motivated by b! sll anomalies

/’ Leptoquar “‘Loop”
’ N v Dy SCTOQUAEE 8 b ,.
Contribution to I
B K
v N ji Z i
For fermion masses Pati-Salam: Inverse seesaw,
(Ko, Yu,Shigekami,YO,017) SU(4)!SU(2)~'!SU(2)R ?&gll”agl;lg gg,eGSa?gZIionis, et.a.,
Motivated by GUT (Blanke,Crivellin,Ol8;CaIibbi,Crivelli%M%odelSN
EXpeCted BSM (King, 017) CompositeLQ g(BOe’lgtz%er, et.al,015;Kawamura,Oka
U(1) -s,U(1)eB-L)ietc. (Gripaios,Nardecchia, Renner O14;
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(Chen, Nomura, O18;Bian, Choi, et.al. Eapabe, &17:Cline, O17)

Ellis, et.al, 170;Alonso, Cox, et.al., O1 LR gauged model

(Das, Hati, et.al.,017)

Bs-Bsbar mixing Tree-level 1-loop 1-loop
sighals@LHC zam  I$$ $$ searchL.Qsearch search for qO/O/X
Bian, Choi, Kang, Lee, 1707.04811; | Bauer,Neubert,1511.01900; Gripaios, et.al.,1509.05020;
Refs. for (g-2) u Allanach,Queiroz,et.al., 1511.07447, etealibbi Crivellin. Li. 1709.00692, ete. Poh.Raby,1705.07007, etc.
bl s$$ (for U(1) -$) bl cht: R(D(¥)) Very large' -couplings
: H#ig" trident production) bl b sP" DM search
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How to achieve anomaly-free




Dark matter interpretation



Hint for Dark Side~
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extra quark

X: DM candidate

|

extra lepton



The explanation of the excesses

(Kawamura,Okawa, YO,1706.04344)
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very large’ coupling required

We can search for QO, LO and DM (X) at the LHC and the



Search for QO at the LHC

(Kawamura,Okawa,YO,1706.04344)

2](b) +missing




Search for LO at the LHC

(Kawamura,Okawa,YO,1706.043¢

2 L +missing




Search for DM

(Kawamura,Okawa,YO,1706.04344

* The relic density of DM (X) can be estimated.

- We can see the DM-nucleus scattering.
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Interplay with DM and LHC physics
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Possibility of the 3avor-violating coupling involvirg

(Iguro,YO,1802.01732)
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3. The new physics interpretations
of the B—D(*)l v anomalies




The violation of Lepton Flavor Universality (LFU) In B(*)I#
IS also deviated from the SM prediction.
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New charged particlethat interact with heavy [3avors may e»

Charged scalar/vector leptoquark
b C
b C
L
He /W' 2

B D(*)%# anomaly requirels! 2.4TeV
that comparable to the weak

We could sehemdirectly at the LHC!



Interestingly, we can test both WO and-Hdirectly at the LHC!
(Iguro,YO, Takeuchi, 1810.05843)
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Charged Higgs explanation is excluded if heavier than 400 Ge\

t on" ! Br[fb]
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excluded!

(Iguro,YO, Takeuchi, 1810.05843)
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How about another candidate, leptoquark?

LQ



Leptoquarkfor instance, predicted by an unibed theory:
SU(4)!'SU(2)!SU(2)R (breaks down to the SM at the enerngy

(Calibbi,Crivellin,Li,arXiv:1709.00¢
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Leptoquarkfor instance, predicted by an unibed theory:
SU(4)!'SU(2)!SU(2)R (breaks down to the SM at the enerngy

(Calibbi,Crivellin,Li,arXiv:1709.00¢
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After integrating out the LQ, we obtain 4-fermi int.:
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Test LQ, using the (3avor observables

dr y = %(1 + P, cos Opei(7))

d cos Opg (T ot — *
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FP" = 0.60 4 0.08(stat.) + 0.035(syst.) by Belle

SM: FP” = 0.46 £ 0.03 (Phys. Rev. D 95, 115038 (2017), A.K. Alok, et al) (1.5 o)



Test LQ, using the (3avor observables

(Iguro, Kitahara,YO,Watanabe,Yamamoto, 1811.0889¢
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4. Summary



¥ Flavor physics play an important role in testing not only the
SM but also new physics beyond the SM.

¥ Interestingly, the lepton Bavor universality is deviated from the
SM prediction In

B K™ Il (l=e} ) processes
B D*) K (l=e,",$) processes
¥ Motivated by these excesses, many new physics scenarios h

been proposedl hey can be tested by many observables in (3:
LHC and DM experiments.

Charged Higgs Is, for instance, almost killed by the LHC resuilt.
LQ Is tested by the LHC and the 3avor physics.

END
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Other excesses caused by b—su u

Branching ratiogBs ! ! 4" ;' Branching ratio 6f ! | u*
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b! 8" seems to be smaller.



In the Standard Model, the b to s llis given by
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Form factor inl BK(*)ll can be estimated in heavy quark and large
(hep-ph/9812358;1503.05534)

The 4-quark operator largely contributes via one-@@®)%
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(Khodjamirian,et.al.,1006.4945)

+ But excesses are reported in [3avor universalitie¢q9fl B
that Is not relevant to the ambiguity.

- Angular analysis would be relevant to the contribution.



Relation with the other processes

our Interest
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B =D ()lv processes
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SM charged Higgs appears
leptoquark

(Fajfer, et al., 1203.2654; Sakaki,Tanaka,1205.4908;Crivellin,et al., 12
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Bc decay also limit the charged scalar scenario strongly.

(Alonso,Grinstein,et al., 1611.06676; Akeroyd,Chen,1708.
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