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New Physics in Flavor Physics

Effective field theory framework

L= E%fi avity T EQCD + EQED + Lrw +£heavy

New Physics Model
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Scale of New Physics

Scale of new physics in flavor physics is usually quite high
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Scale of New Physics

My personal view with bias

IEW hierarchy

eV keV TeV 10'2TeV 1015TeV

Concentrate on the Higgs hierarchy problem
—» The “MFV paradigm”

Postpone (ignore) the flavor problem

SM Yukawa remains the only
source of flavor breaking
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B Anomalies

Until B anomalies (if it is new physics) ....

——[LHCb —=—BaBar —Belle

2r 0 L AL B L B LR L
i LHCDb
sk -
1-
| Ll SM J
- l -
Sr .
O- . I L A I B
0 5 10 15 20
q* [GeV?/c
i 1 1 T 1 I 1 T 1 1 1 I 1 1 1 ] 1 1 T T I
1.0 i N _
PRL s
0.8 F -
06 F @® LHCb
i BIP
0.4 - v CDHMV |
i B EOS
0.2 ~ ® flav.io ]
- LHCb . 1
00 ] L1 T
0 1 4 5) 6

¢ [GeV? /!

0.40
0.35

—

Q (.30
0.25

0.20

BaBar

\
Belle (sl) WA
LHCb (T-3m \
Belle (had 1) °M

Belle (had)
0.2 0.3 0.4 0.5 0.6
R (D)



New Physics around TeV Scale?!

New source of flavor breaking? Yes, but in lepton sector!
Lepton flavor universality is violated. (LUV)

Lepton flavor violation (LFV) is not necessary

(. — ey is strongly constrained)

lepton number violation 1s not relevant

Estimate scale of B-anomalies processes

b—>s£€ . * Qlem bstl ybstl h. _ 4d7v 1 N
ch Vip Vit ey S ODsLEObSEl 4 . A= o ~ 35 TeV

NP d.o.f accessible at LHC if their couplings to bs and/or uu is suppressed

Or loop-level induced coupling — A = 22 grev = 2.8 TeV

2GRV
V2

Lorety — > CPOPM +he. ANP ~ 1/(vV2Gp|Vi|0.10)12 ~ 3.9 TeV

New Physics is at TeV scale, LHC accessible!



RK: Low Energy EFT

m _ _ _ _ _
07 = ?b(sopvPR(L)b)F 0 = (B, Pumb)(Bre) 00 = (By,Pur)b)(@y*yse)
0" = (Sy,PuLr)b)(20) 0% = (Sy,PLrb)(Fys)

Osf)£ = (§O'HVPL(R)b)(zO'pvPL(R)E)
violate hypercharge and thus do not arise at dimension 6 in SMEFT

Decay N
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Global fit favors Cy and/or Cig 8



RK: Match to SM EFT

Match to SM EFT (necessary step if linking to UV)

01 = () @v*a)
0 = (v, ') (@v*T'q)
Oge = (GiY,q;) (kY €))

Simplified Model Classification:

Spin  Rep.

1 (1,1)o
1 (1,3)o
0 (3,1);
0 (3, 3)%
1 (3,1)%
1 (3,3)%

Name

Z/

(1)
Cly

X

X X X X

Cc(]1l) — Cg = —C4,
3
Ct(yl) — Cq = —Cf,

Ciy) Coe
X
X
X
X
X
X

Many papers ....



RD: EFT and Simplified Model

AGF

Heff = —=
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Explain Both RK and RD
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Simplified Model

Three options to explain both Anomalies

Partial lists of references ....
(There are also other options)

Leptoquark (UV: Pati-Salam)

Spin Rep. Name
0 (3,1)% S1  Bauer, Neubert, PRL 116 (2016) 141802

1 (8, 1)% U1 Barbieri, Isidori, Pattori, Senia, EPJC 76 (2016) 67

G221 model Hsieh, Schmitz, J.-H.Yu, Yuan, PRD 82 (2010) 035011

Spin  Rep. Name Hao-Lin Li, J.-H. Yu, Work in progress
1T (1,3) V
Boucenna, Celis, Fuentes-Martin, Vicente, Virto, PLB 760 (2016) 214

2+ H Kaori Fuyuto, Hao-Lin Li, J.-H. Yu, PRD 97 (2018) 115003
Spin Rep. Name
0 (1, 2)% H’

1 (1,1 Z
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Hidden Gauged U(1) Model

Motivated from neutrino mass and dark matter

PHYSICAL REVIEW D 93, 113007 (2016)

Hidden gauged U(1) model: Unifying scotogenic neutrino
and flavor dark matter

Jiang-Hao Yu

Explain RK and RD anomaly
Kaori Fuyuto, Hao-Lin Li, J.-H.Yu, PRD 97 (2018) 115003

Standard \/Feeftrf]lro"rf Hidden
Model gauged U1

& Scalars

Orr = (ULrDLr)" 3 2 +1 1
Lig=NrrLrg)" 1 2 -1 +1
(D 1 1 0 +1
H’ (optional) 1 ) % |
y (optional) 1 1 0 _1
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Flavor Sector

Lepton sector: new lepton only couples to 2nd generation

<(¥)> <(¥)>

ML > : %
ZI

Quark sector: new quark couples to SM quark via MFV

No lepton flavor violation

> KT

Violate lepton flavor universality y?2
"

1 > SL

! D
Yukawa mixing similar to §
SM Yukawa <
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Inert Doublet Yukawa

Inert doublet

_‘C,Yukawa — y,QLu,-Q_Lg,uR + y,QLd,-Q_LH,dR
-+ y/LLe,-EH,eR -+ H.C.,

Only couples to 3rd generation:
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Global Fit on RK

Observable (G205 G%ax] [GEV?] Experiments
Branching ratios
d;;’ZBR(B — X,up) [1, 6], [14.2, 25] BABAR [74]
ﬁzBR(B'* — K*Tup) [0.0, 2.0], [2.0, 4.3] CDF [75]
[2, 4], [4, 6], [15,19] LHCb [76]
ﬁBR(B'I — K*uy) [0.0, 2.0], [2.0, 4.3] CDF [75]
[1.1, 2], [2, 3], [3, 4], [4, 5], [15, 22] LHCb [76]
ﬁBR(B0 — K*%uu) [0.0, 2.0], [2.0, 4.3] CDF [75]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [77]
(1, 2], [2, 4.3] CMS [78,79]
ﬁBR(BO — KOup) [0.0, 2.0], [2.0, 4.3] CDF [75]
[2.5, 4], [4, 6], [15, 22] LHCb [76]
722 BR(B; = ¢up) [1, 6] CDF [75]
[1, 6], [15, 19] LHCb [80]
Ry [0.045, 1.1], [1.1, 6.0] LHCb [1]
Ry [1.0, 6.0] LHCb [12]
BR(B, = pup), BR(B? = pup) LHCb [81]
Angular observables
(Apg)(B® = K*up) [0.0, 2.0], [2.0, 4.3] CDF [75]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(F1)(B® - K*%up) [0.0, 2.0], [2.0, 4.3] CDF [75]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
[0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [84]
(83)(B° - K*%up) [1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(S4)(B° = K*%up) [1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(Ss)(B® - K*%uy) [1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(P)(B° > K*up) [0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [84]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(P})(B® - K*%up) [0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [84]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
(P5)(BY - K*up) [0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [84]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3], [4.3, 6] CMS [78,79,83]
(F1)(B® - K*%up) [2, 51, [15, 19] LHCb [82]
(83)(B° = K*uy) [2, 51, [15, 19] LHCb [82]
(84)(B° = K*uy) [2, 51, [15, 19] LHCb [82]
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Global Fit on RK

© binned theory

A Python package for flavour physics phenomenology in
the Standard Model and beyond

D. Straub, Flavio 1810.08132

MultiNest

Efficient and Robust Bayesian Inference

Markov Chain Monte Carlo 17



Global Fit on RK
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Energy Distribution
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Parameter Space and B-B Mixing
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Constraints

Light hidden 2’
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Constraints

Heavy hidden 2’
Vo=700GeV,Y,=-1,Y.=0.0184

vvvvvvvvvvvvvvvvvvvvvvvv

BR(Z'->pup)=1/10.5
BR(Z'->up)=1/20

ATLAS 13TeV 36.1fb -
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M Z'[ G eV]
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Charged Higgs to Explain

R(D) with C4=0
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Explain RD
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Combined Parameter Space
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Sighatures

WIMP Dark Matter Signature: indirect, direct, LHC searches

q? g%, £ 2m§ + mj% mj%
2T 4m§ — m%, m

<0-v>s—channel()_(x — f]?) —

4
14 2 2\ 3/2
m m
- X d g X VA
<O-v>t-channel</w( - Z Z) — 2 2 \2 (1 _ 2) |
4rn (2my; — m3,) m,
P i/ B2 \/%pcm M ;1\/Gete L (x¢) g ~0.05, the direct detection constraints

Z-prime and charged Higgs searches at the LHC

For light Z-prime, muon g-2 signature?
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Conclusion

B anomalies could be at TeV scale
Classify all possible new particles
Only few options to explain RK&RD

Propose hidden gauged U(1) Model
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Thanks very much!
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