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* Charged current b—>c TU, : Ry puzzle\
* FCNC transition b—>s|*I": Ry puzzle/

NP solution: Leptoquarks
FCNC in D and K: best candidate K —&vv

Charged currents in D and K



B physics anomalies: experimental results # SM predictions!

charged current SM tree level

B BR(B — DWru,) 296
D™ BR(B = D™ puw,,) |
R — BR(B. — J/yTv) ,

Y = BR(B. — J/vuv) 0

FCNC - SM loop process

2) P in B — K*u+u_ (angular distribution functions) 3o
3) B I'B — K(*)APL,LL_) in the dilepton invariant mass bin
Ricer = (Hete-
I'(B— K®ete™) 1 GeV2 < ¢2 < 6 GeV? 5 46



Effective Lagrangian approach: NP in third generation

C - 03 = a 7 a
Lnp = A—; (@37 gs1) (Carular) + 3z (BLY"7"4sL) (l307,7%31)

NP couples preferentially to third generation.
For NP scale above ew scale, SU(3) x SU(2), x U(1), at low energies should be respected!

Feruglio, Paradisi, Pattori, 1606.00524; Battacharaya et al., 1412.7164;

Glashow, Guadagnoli and Lane, 1411.0565; Barbieri, Isidori, Pattori, Senia
1512.01560, Bordone, Isidori, Trifinopoulos, 1702.07238; Alonso, Grinstein, Camalich,
1505.05164

Models of NP explaining R and Ry

Spin Color singlet Color tripet

0 2HDM Scalar LQ
R/parity - sbottom

1 w’ 7’ Vector LQ



Why search for NP in D and K physics

e strong constraints from atomic parity violation, LFU at 1% level suggest to avoid
coupling of NP to the first generation;

* inKand D FCNC decays usually long distance physics overshadow short distance

dynamics; MLD ~ MSM

* |In construction of NP needed to explain B meson puzzles constraints from
K and D physics are very often included in the analysis.

The main issue:

How large can be effects of NP explaining B anomalies in K and D charged
current and FCNC rare decays having in mind existing and planned experimental
precision?



Leptoquarks in Ryx) and Ry

Suggested by many authors: naturally accommodate LUV and LFV

color SU(3), weak isospin SU(2) , weak hypercharge U(1) Q=l;+Y
SU(3) x SU(2) x U(1) | Spin  Symbol Type 3B+ L
(3,3,1/3) 0 Ss LL(S¥) —2
(3,2,7/6) 0 Ry RL (S1),), LR (S{%,) 0
(3,2,1/6) 0 Ry RL(S{,,), LR 0
(3,1,4/3) 0 S, RR (SF) —2
(3,1,1/3) 0 S LL(SY), RR(SE), RR —2
(3,1,-2/3) 0 S1 RR —2
(3,3,2/3) 1 Us LL (V) 0
(3,2,5/6) 1 Vs RL(V\},), LR(V{},) —2
(3,2,-1/6) 1 Vo RL(V{},), LR —2
(3,1,5/3) 1 U, RR (V] 0
(3,1,2/3) 1 U, LL(VE), RR(VY), RR 0
(3,1,-1/3) 1 U, RR 0

Good
candidates!

F=3B +L fermion number; F=0 no proton decay at tree level (see Assad et al, 1708.06350)
Dorsner, SF, Greljo, Kamenik Kosnik, (1603.04993)



1. Explaining both B anomalies by one LQ at tree level

A N
|

YooY

2. Explaining Ry ) by the tree level
and Ry by the loop

Rp)

one LQ explain it all?

Ri#)

Bauer & Neubert 1511.01900,
Crivellin, Faela and Greub
1512.02830,

Dorsner, SF, KoSnik, NisSandzic.
1306.6493, Crivellin et al,
1703.09226, Becirevi¢, Sumensari
1704.05835, ...

3. Vector LQ (3,1,2/3) * V-A currents entering in the effective Lagrangian;

* Weak singlet does not “spoil” B _ K(*)VD
Buttazzo, Greljo, Isidori, Marzocca, 1706.07808

Light vector LQ difficult to make full UV complete theory
recent attempts: Di Luzio, Greljo, Nardecchia. 1708.08450,

Calibbi, Crivellin, Li, 1709.00692.



Two LQs solution of Ry sy and Ry

* One scalar LQ cannot explain both B anomalies;

(3I3I1/3) + (3111_1/3) b Oy + D3
Crivellin et al, 1703.09226

* radiative correctionsto Z - TT, vu observables )
are enhanced, implying a ~ 1.50 tension in Ry, 3
Buttazzo, Greljo, Isidori, Marzocca, 1706.07808 : s

* (3,3,1/3) alone has a proper structure according to AR
effective Lagrangian - it couples to only left-handed quarks and leptons.  r,.

* itleads to too large contribution inB — K(*) vy

« DorSner, SF, Faroughy, KoSnik, 1706.07779 suggetion: light S,(3,3,-1/3) and ﬁ2(3,2,1/6)
LQs within SU(5);

* Neutrino masses might be explained with 2 light LQs within a loop

(DorSner, SF, KoSnik, 1701.08322).



Proposal S, (3,3,-1/3) and R,(3,2,1/6)

e i 1/3 e i a1)3
E}g; = _yijdgz%sza/ - (V y)iju(sz@]LS:s/

—ﬂyij@gie‘ngl/?’ + ﬂ(V*y)ijﬂgiyiS:;Q/g + h.c.
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Fit for the m¢; = 1TeV scenario

DorSner, SF, Faroughy, KoSnik, 1706.07779




Charged current in D and K decays

Important to know CKM matrix
elementsV V and V

High precision results for the decay
constants, or form- factors
required!

Lattice QCD achieved high precision
of the

PDG values
fx+ = 155.6(0.4) MeV  fp+ = 211.9(1.1) MeV

fp+ = 249.0(1.2) MeV

Test of lepton flavour universality (LFU)

c |

['(Ds — TV)
['(Dg — uv)

L —
RT,M B

q v Doréner, SF, Greljo, Kamenik Ko3nik, 1603.04993



Test of LFU in charm leptonic decays

the experimental uncertainty in BR(DS — TV) ofis™~ 4%

R¢ 2
7,1, LQ % * * * *
=1 - — ST sT s s
Re P | ngg((vy:g) (y3) Vy3) u(y3) u)]

lysr| < 1.2(mg, /TeV)

sets bound _
S; correction to

BR(D — uv)
mg; [TeV] 1 - R; u LQ/RT w,SM is bellow 1%

1.0 3.2%
1.2 2.4%

1.5 1.5%




Leptonic K and T decays (triplet LQ S,)

excellent agreement

K(exp) —5
Tk D) RN(P) = (2.488 £ 0.010) x 10
/T T(K- —po)|  REPW = (2477 40.001) x 107
RSSXP) 22 , ) good to set strict bound
REED " gy 1 sel™+ Vol Vasluton] L 050y /Tev)
e/
= (4.44+4.0) x 1077
K (exp)
B B R = 467.0 £6.7
RE / _ =K 7) i ~20 tension
T T(KT = ) RE(M = 480.3 4 1.0
Important constraint:
RK/(GXP) ’U2
R;(éJJSM) —1= %Re “ySM‘Q - ‘y87‘2 + (VUb/VUS)(y;uyS,U T yZTyST)] - (_28:|:14> X 10_2

T/



FCNC processes D and K

Scalar Leptoquaks (3,3,-1/3)in C — u,u+,u_

4G
LEUZE - = \/§F CLL(CL/VMU’L)(KL’YMKL) + h‘C°7

c u S;induces

ctlk =0.014

in comparison with result from
The current LHCb bound

cl

LL
Ceu JLHCD < 0.63

BR(D° — u"pu~) < 7.6 x 1077 LHCb 1304.6365

In order to test it experiment should reach

BR(DO — ,u+,u_) ~ 10712 LD contribution could overshadow it!



K — mvp

The “cleanest” rare K meson decay- SM SD contribution dominates over LD, but the only K
decay with third generation leptons - v_

SM

Buchalla and Buras,
hep-ph/9308272, Buras et al,
1503.02693.

B(K+ N 7T+V’7)SM _ (8.4 i 1.0) % 10_11 present experiments:

0 11 K* = mt*vv: NA62 experiment at CERN
B(KL o VV)SM - (3'4 + O°6) x 10 K, = mPvv: KOTO experiment at JPARC

B(KT — 7t uD)ep = 17.37 152 x 1071,

B(Kp — 700)exp < 2.6 x 107°  (90% CL)




Bordone, Buttazzo, Isidori, Monnard,1705.10729

NP is coupled only to the left-handed third generation flavour-singlets (g5, and I;))

1 a - a c13 , _
Legg = _F(QBL%LJ q3r) (L3 o l3r) — AL§<QSL’YMQ3L)(€3L'YM€3L)
_ b idg Yrt i V*u]L .
q3r = qr + 0,7V, - QL QY = 5t (i=1,2)
L
1—c¢
NP 13 12 _ _
Ly vaqw = A2 05 VisVea(SLvudr) (Tryuvs) Ry = 11
A% 2GR

B(KT™ — nvo) =~ B(KT — nTvi)su [1 — 14 [Rpy — 1107 fo + 165 [Rpe) — 176, f2

e

{R;/(’;") — 1} ~ 2Ry(1 — 0, cos ¢q) = 0.24 £0.07

The interference of NP (weak interaction

triplets) with the SM amplitude is always

% destructive.
/ The suppression could be as large as 30%,
4

relative the SM value.




Z' model for Ry

) E>*\Mﬂ< B E>Wﬂ<
di % ( E>MN.< Kamenik, Soreq, Zupan 1704.06005
0 Qi

NP couplings are flavor diagonal — but not flavor universal;

Z' with dominant couplings in the right-handed top quarks y;

respects the MFV ansatz;

U(1)" gauge symmetry with SSB and new vector-like quark T’(3,1,2/3 ,q) under
SU(3)xSU(2), xU(1), x U(1)’;

m, < 1TeVe;

Search in di-muon and di-top channels.

B(KT — ntui(y)) = (8.4 +1.0) x 10~111 S+ $3, (CLNP — Py |
3 2 Xsm

14

7’ effectin X — 7/’ could be ~10%, within reach of the ongoing NA62
experiment!



Model with one (3, 2, 7/6) scalar LQ - R, explanation at loop level

5 3 —— . 2 3 Ve L 4 .
ry — (Vgg); PReJR / + (gr)id Prée'R / Becirevi¢, Sumensari,
R> ] Iy 2
2/3 _ . 5/3 1704.05835
- et | ; .
+(g1);u' PLv Ry — (21)0' PLé Ry + h.c.
0 0 0 * no tree level contribution to B decays;
g =10 g g7 gr =0 * Rp@ not addressed;
0 g g7 * No interaction with the first generation;
* No tree-level contributiontos dwvv
R, model @ 1 TeV Ry R unams
af Global fit: 6Cys = ~6C10y @ 20 = 7 K Iz
S ' MWW\, 4t
> o-: BrZ - pu)®® @ 20 3
i —> > ——
» ~<} i T
P o Ul | Rz
—3-3_ ----------------- S 'u," : M
— L —

g™~ 0, g/ ~0 for large g, g/** due to 7 —



SF, N. Kosnik and L. Vale Silva, 1711.xxxxx
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Model with ( 3, 3, 1/3) and (3, 2, 1/6) scalar LQs

DorSner, SF, Faroughy, KosSnik, 1706.07779

‘C}S/ = —yijJCiVisl/g — (V* )ZJ’U,LlG‘zS 1/3
\/_yzjdgzeis /3 + \/_(‘/>I< )Z]uL I/LS 2/3 + h.c.

. S i 5—1/3
E}; = —7ij ReLRS/ ijdrvT Ry /L hee.
O 0 0 0 mean negligible couplings in
y= |0 Usu Ysr comparison with four explicitly
O Uou Yor couplings

£gause 5 —|—zg( 0153w Sy 4 orsy w53/

—omsy w5y aﬂsgl/3W;s§/3) +hec



LQ tree level contributions in X — U

Assumingyy, # 0, allowed range
and rest of in the range

Yau — [—1,1,] x 107*

00 O

(Yspes Yous Ysrs Yor) = (0.047,0.020,0.87, —0.048) ¥ = | 0 ¥sn Usr

Even such small couplings lead to
contributions possibly observable
in NA62 and KOTO
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<Summary >

NP explaining B anomalies constrained by charged and FCNC processes of K and D;

The effects of LQ explaining B puzzles in charm leptonic decays are of the order few %;

Experimental bounds on BR(D — ,LL_,LL+)can accommodate LQ effects- better
bounds desirable -LHCb, Belle2;

Among K decays best process to test NP entering in B anomalies is K — mvv.

Future precision K experiments can enable to see these “10% effects of LQ explaining
B puzzles!

NA62/CERN: K* — rtyi
KOTO/J-PARC: K, — % (CP Violation)

NAGZ( WOt
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S \"



LHC constraints on S3and R+ high-mass Tt production

| T
Processes in t-channel PP — T ' T
) b > o T S > ¢ T
| |
Tt o A
) B <% i T I_) <% i T

Flavour anomalies generate s T, bt and ct relatively large couplings.
s quark pdf function for protons are ~ 3 times lagrer contribution then for b
quark.



