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This result
e NEW [Belle]: Rp =0.31(4),
Rp« = 0.28(2).
e R, discrepancy w.r.t. SM
predictions decreases from
3.80 to 3.10.
e Large disagreement between

BaBar and Belle results.



Before and after Moriond EW 2019
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EFT - exclusive b — clv

Log = —2V2Grp Vg, [(1 + gv,)(CLyubr) ey ve) + gv, (€rYubr)(Cry*vL)

+ 9s, (cLbr)(LrvL) + gs, (erbr)(lrvL) + g1 (ERUWbL)(ZRJ“”VL)] + h.c.

e SU(3). x SU(2)r x U(1)y gauge invariance:
= gy, is LFU at dimension 6 (W¢cgrbg vertex).

= Four coefficients left: gv,, gs,, 95, and gr.

e Several viable solutions to Rpy.): [Freytsis et al. 2015]

oe.g. gy, € (0.04,0.11), but not only!




Before and after Moriond EW 2019

Angelescu et al. '18 In a few weeks Angelescu et al.
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Updates of Freytsis et al. "15

Which Lorentz structure to pick?
Observables from angular distribution of B — D*(Dm)fv can help



Before and after Moriond EW 2019
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Main worry remain the hadronic uncertainties in the D* case:

No lattice QCD study regarding the shapes of FFs
Keep also in mind the SD part of the soft photon problem



Vaquero Avilés-Casco for MILC-Fermilab @ Lattice 2019
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What LQ scenario for Rp and Rp* ?

Model gé)ﬁ—n:‘rﬂ(u — mA) RD(‘)
Sl - (3’ 1, 1/3) gv,, 4s, = —4 gr v
Ry = (3’ 2, 7/6) gs, = 4gr v
53 — (3,3, 1/3) qgv, X
U = (3’ 1a2/3) gvi,» 9Si v
Us = (3,3,2/3) gv, X

Viable models for Rp.):

e U (gVL)’ S1 (gVL and gs, = _49T)' and R (gSL =4dgr € (I:)

e Some models are excluded by other flavor constraints: B — Kvv, Amgp, ...

e Possibility to distinguish them by using other b — ¢/ observables!

cf. D.B., Fedele, NisandZi¢, Tayduganov, 1907.02257



EFT - exclusive b — st/
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B(Bs — pup)®P = (3.0 £ 0.6703) x107* [LHCb, '17], [CMS, Atlas. '18]



Fit to clean quantities: B(Bs — pp) and Ry EFT for b — st/

In a few weeks Angelescu et al
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What LQ scenario for Rk and Rk ?

Model Rpey | R || Rpey & Ryev
Si=(3,1,1/3) | v X X
Ry = (3,2,7/6) | v e X
S3 =(3,3,1/3) X v X
Uy = (3,1,2/3) | v v /
Us = (3,3,2/3) | x / X

N.B. U is the only one to accommodate both!

Observable

b— sup
b—crv
B(T — po)
B(B - Tv)
B(D, — uv)
B(D, — Tv)

Tk

Ry




U

L = iL'[zI] Qi’)’u UIMLJ -+ a:g C—ZRi'Yu UIIJKR]' + h.c. :

0 0 0

e Other observables: 7 — u¢, B — 70, D) — pv, Ds — TV,

K — uv/K — ev, 7 — Kivand B — D®puv/B — D™ew.
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Angelescu et al '18, Faroughy et al '15

[CMS-PAS-EXO-17-003]

(o)

[assuming B(U; — b7) = 0.5]

> 1.5 TeV
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[ATLAS. 1707.02424,1709.07242]
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UV completion:
e Pati-Salam group, Gps = SU(4) x SU(2)r x SU(2)Rg, contains
Uy =(3,1,2/3).
e Viable extensions of Gpg at the TeV scale have been proposed:
= Uy + Z' + ¢’ [+new fermions].

Di Luzio et al '17, Bordone et al. '17, Cornella et al '19



Back to SLQ’s

= (3,1,1/3) v X X

x N> X




/ — VUl and Z — vv

Arnan, D.B., Mescia, Sumensari '19 [arXiv:1901.06315|
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RZ Lr, =y Qilr; Ry — y; UriRaimsL; + h.c.
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Accommodating all of them - Rp ., Rp*, Rk ., Rk~

Model Rpey | Ry Rpey & Ry v
Sy =(3,1,1/3) v X X
Ry = (3,2,7/6) v e X
Sy = (3,3,1/3) X v X
Uy =(3,1,2/3) v v v
U =(3,3,2/3) X v X

e Two scalar LQs can also do the job (no extra parameters):
= 51 and S3 [Crivellin et al. 17, Marzocca. '18], Ry and S3 D.B. et al '18



S3 & Rz Model

D.B., Dorsner, Fajfer, Faroughy, Kosnik, Sumensari '18 [arXiv:1806.05689]

e In flavor basis

LD 1/;2} _z‘gRjRQ + ?/21 'l_LR,;LjE; + ?/ij QiCiTQ(TkS:;k)Lj + h.c.

Ry = (3,2,7/6), S3 = (3,3,1/3)
e In mass-eigenstates basis
L B (VCKI\[ YR E )L} ,L—L;Jz R R(5/3) ( E}'{)L} C—i;ﬂ R(2/3)
+ (UR YL UPM\IS) uRzVLJ R(2/3) (U YL )L} 'l_l’:?z Lj R(5/3)
( UPI\I\IS)” d/C / 5(1/3) \/5 7] di? 5(4/3)
+ V2 2(Vekm ¥ Upnins) i ﬂL? }4 S(_2/3) (VoM ¥)i ulcg 5(1/3) +hec.
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oo O

0 0 0 0 1 0 0
0 |, Uryr=10 y;" 97|, Ur= |0 cosf —sinb
y}? 0 0O 0 0 sinf cos#f

[Parameters: MRy, Mss, Y5, yi', y§~ and 0]




Effective Lagrangian at =~ mpq:

e b — cTI: NB. ANp/ng%].TeV

ct . b1 % 1

IL y2R (crbp)(TrrL) + Z(ERU#VI)L)(?RU#UVL) + ...

X
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ly,"

m S
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e Amp_:

cp 2 cr\ 212
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= Suppression mechanism of b — sup wrt b — c7v for small sin 26.

= Phenomenology suggests 6 ~ 7/2 and y2” complex

- .
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Greljo et al. '18

Bounds should be less stringent
when considering propagating LQ!
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Simple and viable SU(5) GUT

Choice of Yukawas was biased by SU(5) GUT aspirations

Scalars: Ry € 45,50, S; € 45. SM matter fields in 5; and 10,

Operators 10;10,45 forbidden to prevent proton decay [Dorsner et al 2017

Available operators

. RL —i pa_.abrib  LLACY® ab/_kak\be rj,c
10;5;45 :  y," upRye™ Ly, ysiy Q€L € (7755) " L

. LR =1 a* M,a

While breaking SU(5) down to SM the two R2's mix — one can be light and
the other (very) heavy. Thus our initial Lagrangian!

The Yukawas determined from flavor physics observables at low energy
remain perturbative (< \/47) up to the GUT scale, using one-loop running
[Wise et al 2014, c.f. back-up|



S1 & S3 Model

Lyuk = (ygl)ij QiCiTQ‘S'lLJ' T (y§3)z’j Qz‘ciﬁ("—:‘ S:3)[’]' + h.c.

Buttazzo, Greljo. Isidori, Marzocca '17
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Bs mixing AGAIN!

e Before 2016: AMs in SM theory on the top of the measured value
e MILC/Fermilab lattice: AMs in SM theory is 26 larger than exp.

e HQET SR attempts but in what scheme? LOAD universal!
R = (AMs)exp/(AMs)Sl\fI

e FLAG 2019: R=0.89(6)

e HPQCD 1907.01025: R=1.03(6)

Buttazzo et al '17 Crivellin et al '17 Angelescu et al '19
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Summary and perspectives

o Flavor anomalies are still there, but the experimental situation after
Moriond '19 is unclear.

Needs clarification from Belle-||!

o We identify /summarize the viable single mediator explanations to
Only the vector U is viable. Two scalar LQs can do the job too.

o U; model: we show a pronounced complementarity of flavor physics
constraints with those obtained from the direct searches at the LHC.

LHC ditau constraints = lower bound B(B — Kput) 2 few x 1077

o Building a concrete model to simultaneously explain Ry, and R .
remains a very challenging task.

Data-driven model building!




