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© LFU violation in B decays
e NP explanations of Rx and R+
e A loop-level model to explain Rx < 1 and Ry~ < 1

@ Conclusions and Perspectives



© LFU violation in B decays



LFUV in B Decays

e Lepton Flavor Universality (LFU) is not a fundamental symmetry of
the SM: accidental in the gauge sector and broken by Yukawas.

e LFU tested in pion and kaon decays — agrees very well with the SM
= To be improved by NA62 [only 1st and 2nd fermion generations, though].

e Renewed interest in LFUV motivated by the recently found conflicts
between theory and experiment in B meson decays.
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LFUV in B Decays [pre-2017]
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e NEW (FPCP17): LHCb, Rp~ = 0.285(35), in agreement with SM.

[See Admir's talk]
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LFUV in B Decays [2017]
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Relevant questions:

e |s there a model of NP to accommodate these anomalies?

e What additional experimental signatures should we expect?
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Relevant questions:

e |s there a model of NP to accommodate these anomalies?

e What additional experimental signatures should we expect?

In general, Rk # 1 < LFUV “=" Lepton Flavor Violation (LFV)
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e NP explanations of Rx and R+



Explaining Ry

EFT approach [See Admir’s talk]

If the LFUV takes place at scales well above EWSB, then use OPE:

6

Va Vi | X GwOiw) + Y ( Ci()0: + C; (u)Oé)]

\[ i=1 i=7,8,9,10,P,8,...

4G
Heff = r

e QOperators relevant to b — sé{ are

) = (57, Prr) b) (24"8), 09 = (37, Prr) b) (Ev~°8),
0y = (5P b)(20), OY) = (3Pr1yb)(£1s50),
Og/) = mb(EO'lWPR(L)b)F‘UV

e To explain ReXp) < RK( ., one needs effective coefficients Cy, Cio.

Compatible with results from global analyses: [e.g., Descotes-Genon et al. 2015]

Olcyr Sumensari (USP / LPT - Orsay) LFU(V) in B decays 5/13



Fit to clean observables  [Becirevic, Kosnik, 0S, Zukanovich. 1608.07583)]

o Use f£%" and B(Bs — pp) = 3.0(6)(3) x 1077 [LHCb, 2017]

B(Bs = p"p”) = Fa, (fb’m Cho — Clo, Cp — Cp, Cs — Cé)
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Fit to clean observables  [Becirevic, Kosnik, 0S, Zukanovich. 1608.07583)]

o Use f£%" and B(Bs — pp) = 3.0(6)(3) x 1077 [LHCb, 2017]
B(B, = " pu~) = Fo, (fb’m Cio — Co, Cp — Cp, Cs — Cé)

o Use fB_>K( Q)Lutt' and B(B — K/,I/M)q2€[15)22] GeV2 — 195(16) X 10_7.
[LHCb, 2016]

dB
(B— Kp"p™) = Fak (f+,0.,’l‘(612)7 Co + Cy, Cho + Clo, Cr.5,p + C7I,S,P)

d2
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Flt to Clean observables [Becirevic, Kosnik, OS, Zukanovich. 1

o Use f£%" and B(Bs — pp) = 3.0(6)(3) x 1077 [LHCb, 2017]

B(B, = u* ") = Fa,(fin., Cro = Clo, Cp = Cp, Cs = C¥)
o Use fB_>K( Q)Lutt' and B(B — Kﬂﬂ)q2€[15’22] GeV2 — 195(16) X 10_7.
[LHCb, 2016]

dB
(B— Kp"p™) = Fak (f+,0.,’l‘(612)7 Co + Cy, Cho + Clo, Cr.5,p + C7I,S,P)

d2
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Fit to clean observables  [Becirevic, Kosnik, 0S, Zukanovich. 1608.07583)]

o Use f£%" and B(Bs — pp) = 3.0(6)(3) x 1077 [LHCb, 2017]

B(B, = u* ") = Fi, (fs.. Co = Cio, Cp — G, Cs — C§)

o Use fB()_>7}1(( Q)L[Ltt' and B(B — K/,I/M)q2€[15)22] GeV2 — 195(16) X 10_7.
[LHCb, 2016]

2 (B> Kptp™) = Fok (er)Q_”[‘(qQ), Co + Cy, Cio + Clo, Cr.s,p + C7I,S,P)

e We find
Cy=—Cp € (*076, *004) at 20.

= This value can be used to give model
independent predictions for Ry (.).

Cio

-0.5 In the central bin:

L7 Allowed ™

-10 : * Rk =0.82(16) and Rk = 0.83(15).
225-2.0-15-1.0-05 00 05 1.0 (16) K (15)
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Are there specific models capable of generating
09710 to explain Ry ?
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Explaining Ry

Specific Models

Representative (tree-level) models:

Z' models Leptoquark models
M—
|
AN
|
AN
Buras et al., Altmannshofer et al., Hiller et al., Becirevic et al.,

Crivellin et al., Celis et al. ... Gripaios et al. ...
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Explaining Ry

Specific Models

Representative (tree-level) models:

Z' models Leptoquark models
M—
|
AN
|
AN
Buras et al., Altmannshofer et al., Hiller et al., Becirevic et al.,

Crivellin et al., Celis et al. ... Gripaios et al. ...

e Vector leptoquark models also plausible, but non-renormalizable

[problematic, how to compute loops? B, — By and 7 — iy constraint?]
Barbieri et al., Fajfer et al., Butazzo et al. ...

e Interesting feature: LFV is in general expected .
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Explaining Ry : Illustration

Scalar Leptoquark Models

Analysis of the separate modes: data prefer to decrease B(B™ — K ).

= Focus on NP with couplings to muons only
[couplings to electrons are also possible, cf. Hiller and Schmaltz. 2014 ]

Olcyr Sumensari (USP / LPT - Orsay) LFU(V) in B decays 8/13



Explaining Ry : Illustration

Scalar Leptoquark Models

Analysis of the separate modes: data prefer to decrease B(B™ — K ).

= Focus on NP with couplings to muons only
[couplings to electrons are also possible, cf. Hiller and Schmaltz. 2014 ]

N.B. Q=Y + Ts.

| BNC  Interaction e Ri/RSM Ry /RSM
(.‘_3,7 ].)4/3 X @AKR (Cg)/ = (010)/ ~1 ~1
(3,2)7/6 v QAlg Cy = Cio >1 >1
8.2 | v' AL (G =—-(Co) <1 > 1
(33)is | X QCimT-AL  Cy=-Ci <1 <1

Olcyr Sumensari (USP / LPT - Orsay) LFU(V) in B decays 8/13



Explaining Ry : Illustration

Scalar Leptoquark Models

Analysis of the separate modes: data prefer to decrease B(B™ — K ).

= Focus on NP with couplings to muons only
[couplings to electrons are also possible, cf. Hiller and Schmaltz. 2014 ]

N.B. Q=Y + Ts.

| BNC  Interaction e Ri/RSM Ry /RSM
(.‘_3,7 ].)4/3 X @AKR (Cg)/ = (010)/ ~1 ~1
(3,2)7/6 v QAlg Cy = Cio >1 >1
8.2 | v' AL (G =—-(Co) <1 > 1
(33)is | X QCimT-AL  Cy=-Ci <1 <1

= No fully viable model. Triplet can be used if imposing extra (ad-hoc)
symmetry to forbid proton decay. [Hiller and Nizandzic. 2017]
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e A loop-level model to explain Rx < 1 and Ry~ < 1



A SLQ model to explain Rg <1 and Rg- < 1

[Becirevic, OS. 1704.05835]

Reminder:
| BNC Interaction e Ri/RSM  Rg-/RSM
(B 1)ys | X dS Al (Cy)' = (Cio)’ ~ ~
(3,2)06 | v QAR Co = Cio >1 >1 )
(3,216 | v drA'L  (G)) =—(C) <1 >1
(3,3)13 | ¥ QCimT-AL Cy = —Cho <1 <1
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A SLQ model to explain Rg <1 and Rg- < 1

[Becirevic, OS. 1704.05835]

Reminder:
| BNC Interaction e Ri/RSM  Rg-/RSM
(B 1)ys | X dS Al (Cy)' = (Cio)’ ~1 ~
(3,2)06 | v QAR Co = Cio >1 >1 )
(3,216 | v drA'L  (G)) =—(C) <1 >1
(3,3)13 | ¥ QCimT-AL Cy = —Cip <1 <1

What if the tree-level contribution is forbidden by symmetry?
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[Becirevic, OS. 1704.05835]

~(7/6)t

Lacse = (9r) 5 QAT pi + (g1)ium A Lj+h.c.,

= (Vgr)ijti Prt; AP + (gr)i;d;i Pre; A3
+ (Ugp) i Prv; AP — (g1)0, Prt; AP +he.,
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[Becirevic, OS. 1704.05835]

= _ x(7/6)t
Lacse = (9r) 5 QAT pi + (g1)ium A

Lj + h.C.,
= (Vgr)ijti Prt; AP + (gr)i;d;i Pre; A3
+ (UQL)z'j’aiPLVj AE3) _ (gL)qzjﬂiPLﬁj AB/3) + h.c.,
We take

0 0 0 00 0 0 0 Vugy
=10 g 7 |, on={0 0 0 ). Vgr=[0 0 Vag |
0 g/ g 0 0 gb 0 0 Vg

[Equivalent to a flavor symmetry]
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[Becirevic, OS. 1704.05835]

= _ x(7/6)t
Lacse = (9r) 5 QAT pi + (g1)ium A

Lj + h.c.,
= (Vgr) i@ Prl; A®® + (gr)y;d; Pre; AP

+ (UgL)ijﬂiPLI/j A(Q/g) — (gL)q;jﬂiPLﬁj A(E)/S) + h.c.,

We take
0 0 0 00 0 0 0 Vgl
=10 g 7 |, on={0 0 0 ). Vgr=[0 0 Vag |
0 QLM QET 00 9?{ 00 thgﬁf
[Equivalent to a flavor symmetry]
b U 4
Only diagram induced at one-loop W N
(unitary gauge): 3
s u %3
10 / 13
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[Becirevic, OS. 1704.05835]

b u 4
Only diagram induced at one-loop (unitary W L AG)
gauge): 1
s o 12
V, b \ ! *
Cy =—Chp = Z Uiu*sgz (g Fma, myr)

%
w,u’€{u,c,t} th Vits

with F(mg, mg) o< —m2/m3 < 0.
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[Becirevic, OS. 1704.05835]

b u 4
Only diagram induced at one-loop (unitary W L AG)
gauge): 1
s o 12
V, b \ ! *
Cy =—Chp = Z Uiu*sgz (g Fma, myr)

%
w,u’€{u,c,t} th Vits

with F(mg, mg) o< —m2/m3 < 0.

e We predict Cy = —C1g < 0, in agreement with the exp. hints.
e Charm contribution is non-negligible due to CKM enhancement Vy/ V.
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e We perform a full flavor analysis including: (g —2),, B(T — pv), B(Z — (0),
B(B — Kwvv), collider constraints, among others.
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e We perform a full flavor analysis including: (g —

B(B — Kwvv), collider constraints, among others.

e We can fully explain the hints in b6 — s for ma < 2 TeV:

6
— 3
4l
=7
<3c
s
2F
1 SSERS
0.7 0.75
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e We perform a full flavor analysis including: (g —2),, B(T — pv), B(Z — (0),
B(B — Kwvv), collider constraints, among others.

e We can fully explain the hints in b6 — s for ma < 2 TeV:

6
— 5t
4l
=7
<a3F
s
2
1 oy
0.7 0.75 0.8 0.85 0.9 0.95

Ry, central
e Predictions to be tested at LHC and Belle-1l: B(Z — p7) < 1076 and
B(B — Kur) <1078,
B(B — K*ur) ~18 B(B — Kpur)

NB. —_—— _—
B(B — Kur) ’ B(Bs — ur)

~ 1.25.
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@ Conclusions and Perspectives



Conclusions and Perspectives

e Interesting hints of LFU violation in Ry and Rp) — Use the
experimental data to build a model of new physics!

e LFV is expected in most models aiming to explain the LFUV anomalies.

e We propose a new model to explain Ry . through loop contributions.
= Model can be tested at indirect (LHCb and Belle-Il) and direct
searches (CMS and Atlas).

e Higgs Flavor Era around the corner?

Thank you!
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Back-up

Olcyr Sumensari
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Direct searches

Decay modes (for gr =~ 0): [Atlas and CMS, 1503.09049, 1508.04735]
o A3 s cptp, et tT

o A2/3 s cu ity

Weak exp. limits available for A%/? — tv and A%/3 — ¢

= ma 2 650 GeV [very very conservative bound.. ]

mp = 650 GeV

e Predictions for direct searches:

Clean signature in A%/3 — ¢yl

0. ‘ 0.2 0.4 0.6 0.8 1.
B(AY3 stu)
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Exclusions from LQ direct searches: (3,2)7/

[Atlas, 1508.04735. CMS, 1503.09049]

900

my [GeV]

400

300

0.0

0.2

0.4 0.6
B(AP3) Sty)
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Explaining Ry : Illustration

[Becirevic, Kosnik, OS, Zukanovich. 1608.07583]

e Wilson coefficients fit:

B(Bs = p"u™) and B(BT = K™ pjt)hign g2 = 0-5
= (C9)pp = —(Cho) pp € (—0.76,—0.04) 0.0

2 <
L7 Allowed ™
7 N

-1.0
-2.5-2.0-1.5-1.0-0.5 0.0 0.5 1.0

Co

e Model independent predictions (central bin):
= RI*! — 0.82(16) and R = 0.83(15)

e For a different choice of operators, (Cy);,, = —(C10)),,.:
= R*! — 0.88(8) and R = 1.11(8)

[RH quark currents imply Ry~ > 1]
[Hiller, Schmaltz 2014]
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e Fit A: B(B, — ptp~) and B(Bt — KT puf1)nigh 42
e Fit B: B(B, — ptu™), B(BT — Kt ip)nigh 42, and Py 25(¢?%).

Low ¢° Central ¢°
100 Fita LOF Fita s
Fit B - Fit B
’ / o7
08| - 08
0.7 & 0.7 /
0.6 0.6 ‘
0.5 05| .’
0.4 ‘ ‘ 0.4 ‘ ‘
04 05 06 07 08 09 10 04 05 06 07 08 09 10
RK RK

Predictions: R ~ RIE" = 0.82(20) or 0.79(12) for ¢* € [15,19] GeV?

= to be tested at LHCb!
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Results: Fit A

[Becirevic, Kosnik, OS, Zukanovich. 1608.07583]
[Becirevic, OS. 1704.05835]

_1 L L 4 L L L N _15 1 L L 1 L L 1. ]
-25-2.-15-1.-05 0. 05 1. -3.-25-2.-15-1.-05 0. 05 1.

Cy Co'
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Model independent predictions for Rx and Ry~:

_ 10 1= 14
£ =
o 8 450
= 0.9 = 12
g 0.8 1 g 10
D? 0.7 1 n% 0.8;
0.6 ‘ ‘ ‘ ‘ 1 06t ‘ ‘ ‘ ‘ -
-10 -08 -0.6 -04 -02 0.0 -10 -08 -06 -04 -0.2 0.0
Co=—Cyo (Co)'=—(Cao)’
= The scenario Cy = — (g predicts Ry () < 1, as observed.
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W VAVANTY

Laasm =AU {(V*yL)ijWPL@ — (y2)ydE Prvj + (yr)yul PrY
e Loop-level contributions to b — sé¢: [Bauer and Neubert. 2016]

* 2 ot T
Co — Cho (v y;)tu| ’ (e yL)bS(QyL YL)up
MA MA

)

‘ ty (ot
[(gr) el (e - yD)ns (W) - yR)un
Co + Cho x mZ

A mi '
We take:
0 0 0 0 0 0
yr=|{0 (yo)sp (Yr)sr |, yr=10 0  (yr)er
0 (yo)on (yr)or 0 (Yr)tu 0

[Becirevic, Kosnik, OS, Zukanovich. 1608.07583], [Gargalionis et al. 2017]

e Important constraints from K and D meson sectors.

e Diquark couplings are present in this model — Proton stability?
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W VAVANTY

We obtained:

ma [TCV]

N
T

mp [TeV]

Rk

1|\|\|\|\||\| el b
0.65 0.7 0.75 0.8 0.85 0.

P I
095 1.

(J’Il )bp

® Ry (central bin) cannot be explained within 1o.

e Tension can be alleviated for heavy masses and very large couplings,
i.e. ma 24 TeV and |(yr)ou| = Viar
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LFUV in (3,1);/3 model

A simultaneous explanation of the b — sf¢ and b — cfv hints is difficult:

0.7¢
0.6
0.5
Q047
= 03:
0.2

0.1

O.>|\|\‘||||‘||\| L PR PRI S S N T SR
065 07 075 0.8 085 09 095 1.
Ry
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