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@ So far no clear signal of NP has been found at the LHC
= unique opportunity for indirect searches (e.g. flavor physics).

Olcyr Sumensari (LPT - Orsay) LQ models for LFUV anomalies



@ So far no clear signal of NP has been found at the LHC
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o A few cracks [~ 2 — 30] appeared recently in B meson decays
= Violation of Lepton Flavor Universality (LFU)?
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@ So far no clear signal of NP has been found at the LHC
= unique opportunity for indirect searches (e.g. flavor physics).

o A few cracks [~ 2 — 30] appeared recently in B meson decays
= Violation of Lepton Flavor Universality (LFU)?
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@ Is there a model of NP to explain these anomalies?

o What additional experimental signatures should we expect?
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Ry in Leptoquark Models

D. Becirevic, N. Kosnik, R. Funchal and OS. 1608.07583

We scrutinize the scalar leptoquark (LQ) models that can explain Rx
through contributions to b — suu.

All couplings allowed to which we impose:

@ Proton stability bounds (= absence of diquark couplings).
@ Numerous flavor constraints.
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We scrutinize the scalar leptoquark (LQ) models that can explain Rx
through contributions to b — suu.

All couplings allowed to which we impose:

@ Proton stability bounds (= absence of diquark couplings).
@ Numerous flavor constraints.

Only one scenario is phenomenologically viable: b\\‘//ﬂ

= Scalar doublet AY/¢ = (3,2), /. ' A
1

Ly = Yig‘f/iﬁ(l/G)de + h.c. 8Au+
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D. Becirevic, N. Kosnik, R. Funchal and OS. 1608.07583

We scrutinize the scalar leptoquark (LQ) models that can explain Rx
through contributions to b — suu.

All couplings allowed to which we impose:

@ Proton stability bounds (= absence of diquark couplings).
@ Numerous flavor constraints.

Only one scenario is phenomenologically viable: b\\‘//ﬂ

= Scalar doublet AY/¢ = (3,2), /. ' A
1

Ly = Yig‘f/iﬁ(l/G)de + h.c. 8Au+

Interesting: SU(5) unification can be achieved via two LQs (3,2); 6 in
10 multiplets with ma, < 16 TeV.

~

[P. Cox, A. Kusenko, OS, T. T. Yanagida, 1612.03923]
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A new model for Rx and Rp

D. Becirevic, S. Fajfer, N. Kosnik, OS. 1608.08051

We can also explain Rp if a new ingredient is added to the model
Al/6 = (3, 2)1/6: three light RH neutrinos vp.

Ly = Yiﬁj’i&(l/ﬁ) de + Yé{ QiA(l/ﬁ)VRj + h.c.
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A new model for Rx and Rp
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We can also explain Rp if a new ingredient is added to the model
Al/6 = (3, 2)1/6: three light RH neutrinos vp.

Ly = Yifj’ig(l/ﬁ) de + Yé{ QiA(l/ﬁ)VRj + h.c.
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A new model for Rx and Rp

D. Becirevic, S. Fajfer, N. Kosnik, OS. 1608.08051

Several distinctive predictions wrt the SM:

[107° < B(B = Kur) <1077

0.35

R 15 1075 1075 107!
R =B(B.~»1v)/B(B,»1v)* B(B—Kur)

e Enhancement of B(B, — 77) wrt B(B. — m0)M = 2.21(12)%.
o R, =B(B.—n.rv)/B(B. — n.tv) can be 20% larger than R,S]i\/[

e Upper and lower bounds on the LFV rates.
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@ Interesting hints of LFU violation in Rg and R — Use the
experimental data to do physics!

o RYY < RIM and RN< o > RS( . can be simultaneously explained in
minimal SLQ model with light RH neutrinos

= Model can be tested at LHC(b) and Belle-Il.

@ Decays of B, mesons can be used to confirm/refute our model.

= Good control of hadronic uncertainties! Only accessible at LHCb.

o LFV is expected in most models aiming to explain R and/or R.).
We show that LQs can generate B(B — K™ ur) < 0(107).

Thank you!
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Back-up
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LFU violation — b — ¢t [Rpw]

@ Tree-level process in the SM: ‘
B(B — DWr7) w-§

Ry = , L=e, .
P& = B(B = D@ i) s b Ve ©

@ Non-perturbative QCD <= form-factors (Lattice QC

e.g. for B — D, (D[ey,b|B) o fo+(¢%)

e Situation less clear for B — D* = (more FFs, less LQCD results)

[One form factor is unknown from LQCD (error that entails?)]

LQ models for LFUV anomalies
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Can we consistently predict Rp- in any NP scenario?

Conditions to fulfill:

e Absence of couplings to electrons and muons,
OR

o (V—A)x (V —A) effective operator = overall modification of R.).

j[V(qQ) and Aj5(g?) can be extracted from B — D*{v (¢ = e, ) data. ]

Caveat: Ag(q?) cannot be extracted from data (HQET)

= induces unknown systematic uncertainties — LQCD might help!
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LQ Direct Searches: A — 7b

19.7 b (8 TeV)

) 12.9 b (13 TeV)

a E @
= CMS 1 I J
1 r CMS |1703.03995 K
Cos
=
Q0.7

LQ - 1

I Expected

—-Observed

LQ - tv,

EPJC 73(2013)2677

Xpected
— Observed

[JObserved exclusion

0'2__ ---Median expected limit
R 68% expected limit
[o] TS TN FEEEE PR PR FEEEE PR R
800 1000 200 300 400 500 600 700 800 900 1000
M, (GeV) M,q [GeV]

Olcyr Sumensari (LPT - Orsay) LQ models for LFUV anomalies 6/5



NP fit of b — su™p~

B(Bs — pu) and B(BY — KT puu)

[Becirevic et al. 1503.09024]
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Scalar Leptoquark A6 = (3,2),/6

[D. Becirevic, N. Kosnik, OS, R. Funchal. 1608.07583]

£y = Yzjizg(l/ﬁ) de + h.c. 0 0 O
v=| 0Yus Yup
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TS: 10-6 below the (old) BaBar limit:
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On (in)viability

] November 9, 2015
A-l% One Leptoquark to Rule Them All:
A Minimal Explanation for Rp), Rx and (g — 2),

Martin Bauer® and Matthias Neubert?¢ 1511.01900

An interesting idea: to explain Rp at tree-level and Ry at loop-level.

Lpasm = AL [(V*gL)z'j?Pij — (91)5dE Prvj + (9r)ul Pri;
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On (in)viability of SLQ (3,1)_1/3

Scan Results [D. Becirevic, N. Kosnik, OS, R. Zukanovich. 1608.07583]

e Large couplings to the muon (to get Rx) = push Rp to small values.

B(B—Duv) ~ 9

e Explanation of Rx = unacceptably large R%/e = B(B=Dev) ~

In conclusion, Ry cannot be explained by this model.
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Light Leptoquarks and SU(5) GUT

Can we embed the leptoquark (3,2);/¢ in a UV completion?

An old idea:
One pair of (3,2);/ and one additional Higgs doublet (1,2);/, at the EW

scale can lead to unification. [Murayama and Yanagida, 1992.]
Setup:
- ‘ Gsm ‘ U(D)rq

5p (3, D13 @ (1,2)_1)2 +1

10F (3,2)1/6 © (3,1) 23 @ (1, 1)1 +1

5A (1,2)1/2@ -2

5A (1,2)_1/2 D... —2

(2)() 10a (3,2)1/6@... -2
24 A

+ desert assumption (only the LQs and the new Higgs are light).
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[A. Kusenko, P. Cox, OS, T. T. Yanagida. 1612.03923]

e Agur can be raised by a splitting of 24A: mgs = mg = mg < Agur
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The unification of gauge couplings gives a strong constraint on the
lightest LQ mass ma, < 16 TeV.
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