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Anomalies

1) B — K*u"pu~ angular observables

[Several talks yesterday]

2) Various branching ratios are low compared to the SM predictions

Decay obs. ¢ bin SM pred. measurement pull

B — K*%utp~ 107 423 [16,19.25]  047+005  0.31+0.07  CDF  +1.9
BY — K*utp~ App 2,4.3]  —0.04+£0.03 —0.20£0.08 LHCb +1.9
BY — K*Outp~ Fy, (2, 4.3] 0.794+0.03  0.26+0.19 ATLAS +2.7
BY — K*0utp~ S 2,4.3] —0.16+0.03 0.124+0.14 LHCb —2.0
B™ = K* ptp~ 107 9% [4, 6] 0.50+£0.08 0.26+0.10 LHCb +1.9
B~ — K*putu~ 107 {gg{ (15, 19] 0.594+0.06 0.40+0.08 LHCb +1.8
B — K°utp~  10% 450 [0.1,2] 2.71+053 1.264+0.56 LHCb +1.9

B — Ko%u*pu~ 108 % 16, 23] 0.93+0.10 0.37+0.22 CDF +23

By — ¢utpm 107 43 [1, 6] 0.39+£0.06 0.23+0.05 LHCb +2.0

[Altmannshofer, Straub 1411.3161]

* Main sources of uncertainty: form factors, non-factorisable contributions from the hadronic

weak Hamiltonian.
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[Altmannshofer, Straub 1411.3161]

* Main sources of uncertainty: form factors, non-factorisable contributions from the hadronic

weak Hamiltonian.

3) Hint of violation of lepton-flavour universality

BR(B = Ku"p™)p g

Ry =

BR(B — K€+€_)[176]

—0.074

— 0.74579990 1 9. 036

[arXiv:0709.4174]

R2M =1.0003 £ 0.0001

Theoretically very clean!



New Physics interpretation

 Minimal option: New Physics (NP) in the muon sector only. [Various groups]

* Short distance effects from NP are expected to generate a chiral currents

e Best fit is obtained for the current (ELWQSL)(HLWO‘ML) CgaNP — _CdeP



New Physics interpretation

 Minimal option: New Physics (NP) in the muon sector only. [Various groups]

* Short distance effects from NP are expected to generate a chiral currents

e Best fit is obtained for the current (ELWQSL)(ﬁLWO‘,uL) CghNP — _CdeP

* An explicit model [Hiller, Schmaltz arXiv:1408.1627]

b 0 .
\L\‘/ * Quantum numbers of the new states, uniquely
determined by the structure of the current

_C .
Aij Gr,1T2Talr; 11

SL
|>‘:,u)‘b,u| -~ 1
M? (48 TeV)?

e Anomalies are fitted when

» Scale of New Physics not predicted 700 GeV < M < 48 TeV



Theoretical Framework

O O
Strong cOf Elementary
sector 1L, H < > J~5M sector

gp, Mp




Theoretical Framework

A

0 A
Strong 0 H cOf o Elementary
< o ~
sector ’ / sector
gp, Mp
E
A * Being PGBs, Higgs and Leptoquarks are lighter than the

other resonances coming from the strong sector
mp 1 10 TeV

* SM fermion masses are generated by the mechanism of
partial compositeness

ISM) = cose|f) + sin€|O)

* BSM Flavour violation regulated by the same mechanism
mi — 1 TeV

mg — 195 Gev * Naturalness (...)




Leptoquarks as PNGB

* Partial compositeness requires the presence of coloured composite states, plausible to
expect coloured PNGB Gripaios 0910.1789

* Depending on the quantum numbers of the PNGB, diquark and leptoquark couplings are
expected Gripaios, Giudice, Sundrum 1105.3189

* Colour gauge group can be part of the symmetries of the strong sector (in analogy to the
EW group)
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EW group)

e Coset structure (1,2,1/2) +(3,3,1/3) +(3,3,—-1/3)

H ~ (2,2) (IT 4 117) ~ (6, 3)
Agashe, Contino, Pomarol hep-ph/0412089
* SM embedding SU(3)c x U(1)y, D SU(4)
Ty = —2Ty + Tsr
. . s 9
* Mass term generated by the colour gauge interactions 71l ~ —— 111

Ao F



Partial Compositeness in CH models

* Yukawa sector: D. B. Kaplan (1991)

fL\\ €L Lelem — ZTWILLD,U]E
>®g= T Leomp = Leomp(9p, Mpy H)
Loix =€ frOr + €1 frOR + h.c.

Y J = Cz'j ELER gp > YZ] ~J 6},6}{910
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ER \

* Focus on leptoquark resonance



Parameters

| 0w g d /e
. o o ° )9 J
Yukawas are given by (YU)Z] ~ Gp€; €; (Yd)@] ~ Gp&i € (Ye)zy ~ 9p€i€j,
q ;u d L e
° ; 3 ) .
Parameters 62‘76176176%76179/0 3X5‘|‘1:16
o . u d g
* Physical input m, ,m,; ,m;, Vor 3+3+3+2 =11 relations
: : ey . . t i ‘ |
* We will assume that left (ef) and right (€;) mixings have similar size o refacions
* Everything is fixed up to 2 parameters, Mixing Parameter Valne
. ¢ — \3¢d 1.15 x 1072 ¢}
€ ; : :
(gpv 3) €5 = Nl 511 x 1072 ¢}
i=Tagg 548 1077/(gyed)
€l = :;p A2leg 5.96 x 1072/ (g,€d)
=l 0.866/(gp€l)
ed = 3§i5%%g 1.24 x 1073/ (gped)
f = 2L, 5.29 x 1073 /(g,€3)
ed — m 1 1.40 x 1072(g,ed)

1/2
) 1.67 x 1073 /g5

g
f=ci=(
1
1/2
f=ci=(
3

o\ 12 1/2
gﬁ) 0.101/g,




Flavour Violation & Leptoquarks

e Comment later about the flavour physics associated with my

* Relevant Lagrangian

L = Lsy + (DI DI — ML + i G5 cimaralrs T+ hec.

. d; Quarks )% ; A2 o1
\\/ T

: Nij/(cijgp " €3) j=1 j=2 j=3
|
7 Leptons i =1 1.92 x 10~° 853 x 10~° 1.67 x 10~3
|
' /Yy P =2 2.80 x 107% 1.24 x 1073 2.43 x 1072
. i =3 1.16 x 103 5.16 x 103 0.101
0 q

e c are O(I) parameters, predictions are O(l)

* Only 3 fundamental parameters reduced to a single q q
combination in all the flavour observable! (gp’ €3 M) v gp€3/M



Fit to the anomalies

e The analysis of b — sp " 11~ observables gives

CéVP“ — —C’i\ép“ c [—0.84, —0.12] (a,t 2(7) [Altmannshofer; Straub 1411.3161]

* In our framework

AGre2(ViV) 1t A A M\ 2
uNP _  ~uNP __ F tsVtb 22\23 * q\2 9o
o =0 = [ 16v/272 ] oz~ A9 emealey) (TeV) ( )

Re(chcas) € [0.24, 1.71] (%) (%)2 (%)2 (at 20)

* 3 immediate implications

1) the composite sector is genuinely strong interacting, 9p ~ 47
2) that left-handed quark doublet should be largely composite, Eg ~ 1
3) the mass of the leptoquark states should be rather light M < 1 TeV
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e The analysis of b — sp " 11~ observables gives

CéVP“ — —C’i\ép“ c [—0.84, —0.12] (at 2(7) [Altmannshofer; Straub 1411.3161]

* In our framework

4G re(ViVip) 1 A
CHNP _ NP _ [ e’ (Vi tb)] 5223

M\ ?%/g
— 049 e (e)? | (—P)
16+/272 2M? C22623(€3) (TeV) Am

Re(chcas) € [0.24, 1.71] (%) (%)2 (%)2 (at 20)

* 3 immediate implications

1) the composite sector is genuinely strong interacting, 9p ~ 47
2) that left-handed quark doublet should be largely composite, Eg ~ 1
3) the mass of the leptoquark states should be rather light M < 1 TeV

* Due to the partial compositeness structure, negligible contribution to observables involving
electrons like BR(B — Ke"e™ ). Ry is automatically accommodated.



Predictions

* We expect large effects coming from the third family of leptons

ZJ/(C’LJQ/O 63) g=1 J =2 J=3
Lepton i=1 1.92 x 1075 853 x 10°5 1.67 x 10-3
\/ Yy i =2 2.80 x107* 1.24x1073 243 x 1072
i=3 1.16 x 1072 5.16 x 1073 0.101

* Decay channels with taus are difficult to be reconstructed b — 87‘+7'_
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* Decay channels with taus are difficult to be reconstructed b — 87‘+7'_

e Channels with tau neutrinos in the final state are more interesting

oy B(B— K*'vv
arXiv:1409.4557 Rk~ = ( — ) <3.7, e Considering just B — K"V, 1, gives
o B(B — K*vv) gy, (¥)oi
Girrbach’s talk ARK < few %
B(B — Kvv
RY = (B = Kvp) < 4.0.

B(B — Kvv)gy,

e Including BR(B — K1,V ),large deviation AR&?VV ~ 50%

Testable at Belle Il See 1002.5012



Predictions

* Rare Kaon decay 323%039
1411.0109
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28713 g, ) \TeV €l




Predictions

* Rare Kaon decay 323%039
1411.0109
B(K' — 7o) =8.6(9) x 107 [1 + 0.966C,5 + 0.24(6C,5)?]
Present bound 6C; € [—6.3,2.3] NA62 expected sensitivity 0C,5 € [—0.2,0.2]
g o ( M\ 77
. . . R * _p q
Composite leptoquark prediction  §C); = 0.62 Re(c31¢35) (47) (€3) <—TeV>

* Radiative decay |4 — €7y

o] < 1.4 Ar\ [ M \° [ 1)’
CoaC . — -
23713 9p TeV eg

e Meson mixing AMp.

An\% / M \? /1\*
fal < 4.2 — — —
eseisl <42 () (qiy) ()



Constraints

Model independent constraints
Davidson, Bailey, Campbell hep-ph/9309310

Decay @D PiAl/ (7%)° lecnl (42) (9)?/ (4%)
Kg —eTe” (12)(11)* < 1.0 < 4.9 x 107
K —ete (12)(11)* < 2.7 x 1073 < 1.3 x 10°
tKeg— ptu=  (22)(21)* <5.1x1073 < 1.2 x 103
Ki — ptu (22)(21)* < 3.6 x107? < 8.3
Kt s rtete  (11)(12)* <6.7x107* < 3.3 x 104
K; — mete”  (11)(12)* < 1.6 x107* < 7.8 x 103
Kt —wratutp=  (21)(22)* <53 x1073 < 1.2 x 103
K — nvw (31)(32)* <3.2x1073 < 42.5
t By — utp~  (21)(23)* < 3.9x1073 < 46.0
By — 1tt1™ (31)(33)* < 0.67 < 4.6 x 102
t Bt - ntete™ (11)(13)* <28 x107* < 6.9 x 107
P BY Soatutu (21)(23) <23x107% <27 M =1TeV

* A breaking of the lepton universality is generally associated to a breaking of the lepton
flavour. [See Glashow, Guadagnoli, Lane arXiv:1411.0565]

* In our framework, all the LFV decays are below the current experimental sensitivity



LHC

g L g ~L . .
/’ Q -t . * Production via strong
’ -7 Interaction
g s
~ ~
N\
g Q9 ~LQ
g oO0000000Y — - — —LQ ¢ ,/LQ
: %
7
FLQ X
| N
9 OO0 - < - -LQ ¢ \IQ

* Decay to fermions of the third family

* Stop and sbottom +

I3 —7T b, M > 720 GeV dedicated leptoquark searches
H1/3 — T tor H1/3 —vr b, M > 410 GeV [ATLAS arXiv:1407.0583]
T [CMS arXiv:1408.0806]
M_9/3 = vrt. M > 640 GeV [CMS-PAS-EXO-13-010]

M > 720 GeV



Naturalness

* From the B-meson decays anomalies we get AJ ~ 1 TeV, Gp ~ A

s
m? — m, ~ 10 TeV

* We can infer the scale of the strong sector from M ~

* Flavour physics is (almost) fine in the quark sector, but we need a departure from flavour
anarchy in the |ePt0n SeCtOr See Rattazzi, etal. arXiv:1205.5803

. . 3 g,H
 Higgs potential V(H) ~ 4—7T2(e3 )? m 1% ( " )
m, v?
natural value v ~ f = P 1 TeV EW tuning ¢ = B = few%
I

* |In general, a larger tuning is required to obtain a light physical Higgs



Conclusions

* Current anomalies in B decays can be explained in the context of a composite
Higgs model featuring an additional (light) leptoquark as pseudo-Goldstone boson.

* Considering the present sensitivity and the future prospects, indirect effects could
show up in various observables:

BR(B — K"p), BR(KT — n7vw), BR(iu — evy), AMp.
* Composite leptoquarks could be within the reach of LHCI 3

* The scale of the composite sector is expected to be at m, ~ 10 TeV , tuning is
below the per cent level






Quark sector

m, =10 TeV g, = 4w

Operator AF =2 | Re(c) x (47/g,)* Im(c) x (47/g,)? Observables
2 N2
(5.%dp)? 6 x 102 (—f’;) 2 (—2) Amie; ex [44][45]
(5rd;)? 500 2 ”
(ER dL)(ngR) 2 x 102 ‘ 0.6 } 7
2 =<7
(cLy*ur)? 4x10% (= 70 (= Amp; |q/pl, ¢p [44][45]
(o un)? () ) . * Close to the current
LUR
(cr u)(Crur) ’ sensitivity
(bry*dy)? Amp,; Sy [44][45]
) (bR dé>2 9
(br dr)(brdR) 7
(bry#sL)? Amp, [44]45]
) (ER 51_1)2 9
(br sr)(brsr) 7
Operator AF =1 Observables
Spo" eF by B — X, [46]
spotel,br 7
Sro* g:Gudy, K — 2m; €' /e [4T]
EUWQS G,qudR 7
5y HUE#H By — ptp [48]
§L’yubL HTZDMH B —)X$€+€_ [46}
Operator AF =0 Observables

neutron EDM [19]50] * Not excluded, given the
’ uncertainties

7

Ea“”eFMVdL’R
uct’eF,ur r
C_iUWgsGWdL,R
uo" g,G UL R
EL”}/“bL HTZWMH

2

Z — bb [51]




Lepton sector

m, = 10 TeV 9gp — A7

Leptonic Operator Re(c) Im(c) Observables
eoteF,er r - Hx 1072 electron EDM [52]
ot eF, e g 4 x 1073 1w — ey [53]

eviur r HTZ'WMH 1.5 (42) % u(Au) — e(Au) [54]




New Physics (Model Independent)

* Model independent analysis via a low-energy effective Hamiltonian

4GF E g
OY) = —— my (5005 Pr1)b) F** . CSM — _0.319
o 167 ) ;M o SM gives lepton
Oy " = i (57a Pr(ryb) (E470) Co™ = 4.23, flavour universal
N Qem _ SM __ ibuti
Ofg ) _ = (57aPrL(r)b) (Ly“v5¢). Cpy' = —4.41. contribution

* Data suggest New Physics in the muon sector only.  [Various groups]

* Short distance effects from NP are expected to have a chiral structure

_270% > ZL’YO%L Best Fit with CM,NP Cu,NP
0y sl CRYYLR Left-Left currents

* Look for the current (EL”yaSL)(ﬁLWO‘,uL)



Flavour violation at the tree level

* We integrate away the leptoquark fields, then we get

\

—

+ (EL'YMdL)kj (7L”YMVL)& + (ﬂ,L/V'uu/L)kj (EL”VMQL)&'

+ (@ y*dL) g @rvuve)y + (dey*uy)  Trvuer)y )|

17 _ ys1ik K
uip = Vg uur

@, L

* “Vertical” correlations induced by SM gauge invariance

* “Horizontal” correlations induced by partial compositeness



