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CKM-ology

d S b

o RN
VCKM — ‘ C
‘ t

X Fix CKM entries through tree level processes & over-
constrain by loop-induced ones [progress through precision!]
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CKM-ology
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X Still open:inclusive v exclusive Vub and Veb!?

Is Vud well controlled? Vus keeps coming back (EM)...
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CKM-ology - Small flavor ‘anomaly’

X Still open:inclusive v exclusive Vub and Veb?
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Flavor Physics

X Why three generations!

X Why such hierarchy of masses and mixing!?
X Why so small CPV phase!
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Flavor Anomalies
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Novelties re (g-2),,

K(m,t)

+

Huu(Q) = /d4x Gt <Jﬂ»($)-]v(0)> - (5#11@2 - QuQV) H(Qz)

|

gLO-HVP _ 4agm/0 dQ2—f (Qz) (M(Q*) — 11(0)).

[J.

af;o_HVP =2a§m/0 dt t*K(m,t) V(t), V() =% Z /da: (Ji(£,t)J;(0))
t1=1,2,3

See talk by L. Varnhorst



Novelties re (g-2),,
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Novelties re (g-2),,
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Lepton Flavor Universality Violation
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e CKM factor cancels

e Bulk of hadronic uncertainties cancel



Lepton Flavor Universality Violation
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R(D*)
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LFUV

need studying NP effects
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We still do not have a control over
hadronic uncertainties with
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We still do not have a full/good control
over hadronic uncertainties

Mode| B—- Div| B— D"/v | Ay, = A 4D
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EFT - exclusive b — clv

Leg = —2V2Gr Ve [(1 + gv,) (€LY, bL) Ly ve) + gv, (CrYubr)(Cy!ve)

+ 95, (eLbr)(LrvL) + gs, (¢rbr)(LrvL) + g7 (ERUWbL)(f_RUWVL)] + h.c.




EFT - exclusive b — clv
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EFT - exclusive b — clv

gv;, (ms) 0.074+0.02 | 0.02/1
gsp (mp) —0.31+0.05| 5.3/1
gs, (mp) 0.12+0.06 | 8.8/1
gr(mp) —0.03+0.01| 3.1/1
gs, = +4gr € R |—0.034+0.07| 12.5/1
gs, = —4gr € R | 0.16 £0.05 | 2.0/1
gs, = +4gr € iR| 0.48+£0.08 | 2.4/1




EFT - exclusive b — clv

Model X
Sl - (3 17 1/3) gv,, 94s, = _4gT v
Ry =(3,2,7/6) | gs.=4gr v + 0.06 8.8/1 X
S3=(3,3,1/3) gv, X
4+ 0.01] 3.1/1
Ul - (3 172/3) gv.,» 9SSy v
U; =(3,3,.2/3 qgv, X
3 = ( /3) gv ; x

Main worry remain the hadronic uncertainties in the D* case:
No clear LQCD info regarding the shapes of FFs

Keep also in mind the SD part of the soft photon problem is missing



MORE LFUV
need studying NP effects
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MORE LFUV
need studying NP effects
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EFT - exclusive b — st/

Vi Vis | Y Ci(n)Oi () +
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Exp : B(Bs — pp) = (2.85+0.33) x 1077

SM : B(Bs — ) = (3.66 +0.14) x 10~°
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Fit to clean quantities: B(Bs — ppu) and Ry (s EFT for b — st/
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What LQ scenario?

Model Rpey | R || Rpey & Ryev
Si=(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
Us =(3,3,2/3) X v X

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




From direct searches
Atlas and CMS 2018-2021

. LQ
Decays|Scalar LQ limits|Vector LQ limits| Lint
JjTT - - -
~ LQ bbr7 | 1.0 (0.8) TeV | 1.5 (1.3) TeV |36 fb~!
ttr7 | 1.4 (1.2) TeV | 2.0 (1.8) TeV |140 fb~*
jipp | 1.7 (1.4) TeV | 2.3 (2.1) TeV [140 fb~*
bbpp | 1.7 (1.5) TeV | 2.3 (2.1) TeV |140 tb~*
ttpp | 1.5 (1.3) TeV | 2.0 (1.8) TeV |140 fb~!
jjve | 1.0 (0.6) TeV | 1.8 (1.5) TeV |36 fb~*
bbro | 1.1 (0.8) TeV 8 (1.5) TeV |36 fb~*
ttvr | 1.2 (0.9) TeV | 1.8 (1.6) TeV |140 fb~*




From dilepton spectra at high pr
Atlas and CMS 2018-2021




B(B — Kur)

LFV predictions
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B(B — Kur)

LFV predictions
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LFV predictions
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Rpo /RO = Ry JRY = ...

e Way to go 1: Combine two scalar LQs [S; with S3, or Ry with S3]

e Way to go 2: Vector LQ (U;)
Non-renormalizable and thus requires UV-completion which can be
an opportunity to tackle the hierarchy problem!



Concerning R2

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

x N [>® X




LRQ Q €R] Ry — yzj ﬂRiRQiTQLj + h.c.
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S1 & Sz Model(s)

e In flavor basis

Lyvak O (y5,),; Qi imaLiS1 + (vs,),; Q7 imaL;i(7 - S3) + hec..

S1=(3,1,1/3), S3=(3,3,1/3)

e Specifying models

0 0 0 0 0 0

M1: yé‘JI =10 /\s,u Ast | yi‘g =10 /\5,1 Asr
1703.09226 0 Apu Abr 0 —Xop —Aer
0 0 0 0 0 0
M2: y‘él = 9s 0 d"“ J;STI ’ yé:; = 9s; 0 dsli d;svj
1706.07808 0 Opp 1 0 By 1

0 0 0 0 0 0

) L S L a3 .St

M3: Yys, = |0 0 y:{; ) s, = | U yssff yssfi
2008.09548 0 0 y! 0 y* Yy
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Adding RH couplings considered in 2008.09548 and 1912.04224



S3 & RZ MOdeI 1806.05689

e In flavor basis
LDyl QilriRy+ vy upiL; RS + y" QF iry(1,.5¥)L; + h.c.
Ry = (3,2,7/6), S3 = (3,3,1/3)
e In mass-eigenstates basis
L O (V(Z‘I(.\I YR Ei )1} ,I-L;Jz RJR(O/'i) (1/ E’— )1} sz R(2/3)
+ (Ur yz Upmns) Y uRzVLyRu/g) (Uryr)" up; Lsz)/g)
(1/ UP\I\S)” d/C / S(l/g) \/5 ] di(;' 5(4/3)
+ V2( 2(Vekm ¥ Upmns) i ﬂL? ,L]S Y — (Vexkm )y U,CE S Y+ hee

and assume

o O O

0 0 0 0 1 0 0
0 , Ury= (0 y;/" yi"|,Ur= |0 cosf —sinf
yor 0 0 0 0 sinf cosé

[Parameters: MRy, Mss, Y5, yi', y§~ and 9]

Embedding to SU(5) GUT feasible



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
mR2

o b — sup: NB. Axp/gnp = 30 TeV
ly,"

m S

o sin 20 (SLY*bL) (AL YupL)

e Amp_:

cp 2 cr\ 212
x sin? 20 [(yL ) +2(yL ) ] (S’L";’“bL)Q
mg,

4 Y

= Suppression mechanism of b — sup wrt b — c7v for small sin 26.

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

- .




Effective Lagrangian at =~ mpq:

e b — cTI: NB. ANp/ng%].TeV

ct . b1 % 1
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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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Bounds derived from pp — 7v at high pr not useful
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Interesting pheno, ex.

mp, = 1.3 TeV, mg, = 2.0 TeV
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Belle-1l results imminent



Angular observables can help disentangling
among various NP scenarios

Many works with mesons: B — D/v B — D*/v

Let us now play with baryons:

S ARIRV2Y N ()
dg*dcost  1024mw3 M3,

d?T(Ap — Adetriy)
dg?d cos 6

= a:\\’ (%) + bi‘\l (¢%)cos 6 + ci‘\l (¢%)cos® 0

|2-2=10 observables

Each a}’ (¢%), 3" (¢2), ¢}’ (¢?) is a function of kinematics,
form factors and the NP couplings gv, , 9s,, 9s., 97-



Angular observables A, — A v

1907.12554 1908.02328 1909.10769 1702.02243 1502.04864 2209.13409

Three powerful observables:

1 ! °1 dr
2 — — —
° An(d) r [/0 /_1] dcosedcosg

1 [ /3 r 27 /3] dTl’
oy 1 B :
o Ar/3(q°) = = L +LW/3 L/3 dcos@smed&

1 [dl't  dl'-
2\ —
° AA(“‘?!W‘W}

Examples:

Ui : gy, Ry :g9s, =4 gr S1:9s, = —49gr



Angular observables Ay, — Al

Three powerful observables:

(Afp)

1.5
0.034 0.207
1= -0.032
0.5 -0.099
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Ay — A(— Am)ly

NB: B(A. = An) = 1.30(7)% or B(A. — pKgs) = 1.59(8)%
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Many more angular observables and checking on Im[gx] # O

AT Ag, Baryon

dg?d cos Od cos Opdp

cos  Asm Lepton
) cos? 0
qin f sin QS) sin ¢

9in 6 sin (25) sin 6 cos 6



2209.13409

Ay — Ae(— Am)ly

NB: B(A, — A7) = 1.30(7)% or B(A. — pKs) = 1.59(8)%

Many more angular observables and checking on Im[gx] # O
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CONCLUPING REMARIKS

To tackle the flavor issues need more and better data: NP effects
through high pt tails of pp scattering are to be combined with
constraints obtained from low energy observables.

EFT treatment is a modern tool to describe deviations wrt SM.
Current data, and LFUV in particular, favor leptoquark scenarios:
Uiy, S1& S3, R2 & S3,

Rp and Rp+ are too few observables to understand the source of
LFUV. Too many NP solutions exist and could be filtered through

angular B— D" 7 vand Av— Ac v v observables.
Even if Rp and Rp+were SM-like, angular observables can help

unveiling a presence of BSM physics.
What about Rk and Rg+? [From rumors to actual results. Please help!]

B(Bs — ) this summer...



CONCLUDPING REMARIKS

e New LHCDb determination of fs/fd shifted their B(Bs — y14) upwards

e New CMS washed out the deficit of B(Bs — uu) wrt SM
CMS-PAS-BPH-21-006
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Quo vadis homini?
| sta cemo sad?

Experiment is hard...

CONCLUDPING REMARIKS



