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Abstract: Several anomalies have been recently reported by different laboratory experiments: the flavor anomalies involving B meson semileptonic
and leptonic decays by the LHCb and B-factories, as well as the anomal ous muon (g-2) by the Fermilab (g-2) collaboration. These deviations, if not
coming from underestimated experimental or theoretical uncertainties, are pointing to new degrees of freedom around the few TeV scale. Enlarging
the field content of the Standard Model may lead to baryon number violation, whose aggressive experimental constraints can rule out a wide range
of attractive candidates. Motivated by its safeness under unacceptable baryon number violation and the possibility for having TeV scale physics, |
will introduce the simplest theory for matter (Ieptons-quarks) unification based on the Pati-Salam symmetry and show how this theory can address
both the flavor anomalies and the muon (g-2) with the scalar leptoquarks that it predicts.

Zoom Link: https://pitp.zoom.us/j/95090784229?7pwd=Q210QUYV keX FiSmt5S3hK cGJ3SIEyZz09
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[Based on Refs. and , in collaboration with

Martin Jung, Rusa Mandal, Ana Penuelas and Antonio Pich.]
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Pattern of deviations in B-meson decays involving b to ¢ transitions

pointing to “the same direction”

_ B(B - D™ri,)

> Rpe = - ] )

B(B — D™)(,)

B(B. — J/Vrp,)

> Ry B(B. — J/pun,) :

RJ’J:'\‘;‘ =87, ! “25 “.28
2 PP =-038+051202
Pr(D*)gpr = —0.499 + 0.003

2> FP =0.60+0.08 + 0.04
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e Most general effective dim 6 Hamiltonian:

Hf}—)(_‘.fi‘f — 4 (;F

eff \/Q

A’V

Gauge boson Extra Scalar Vector LQ Scalar LQ
bv s bv C /;v bv

e ,i?)< ; ety < Vlig .:;._?w < C ST, ng‘ <(.f

Ov,|= (@+" PLb)(¢vuPrve), Ovyg|= (¢7* Prb)({ v, Prie),
Osy|= (¢ Prb)({ Prve), Os, |= (¢ PLb)(? PLuy),
Op|= (C'U”I/P,r,b)(édﬂ,u Pruvy),

V:h[(l + )Ol; + ("*VR OVF&‘ + OSR + CT_SJ. OS.L + CT OT] + h.c.
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e Most general effective dim 6 Hamiltonian:

HF)FGFV . 4 (;F

1”?_;{;[(1 + )O‘r + (..Y\.-R OVR + Os. + CS;_ OSL + CT OT] + h.c.

Energy
e Assumptions:
J.}\Nl) ———————
2> EFT
Apwlk = = == = =
WET
v, Oy, O, , Og,., O
AQ(‘U _______

Ov,|= (e¥*PLb)(£ v, Prvy), Ovy|= (¥ Prb)(€ v, Prve),
Ogy|= (¢ Prb)(€ Pruy), Og, |= (€PLb)(€ PLyy),
Og= (co™ Pub)(£0, Pove).
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e Most general effective dim 6 Hamiltonian:

g A6 * *
Hg W= \/; Vo[l + Cy )0y, + Cy Oy, + Cg Ogy, + Cs, Os,, + Cr Or] + hec.

e Assumptions:

2> EFT
I_J|> New physics only in the third generation

NP effects negligible in b — c(e, @)y, ,, analysis

Ov,|= (e PLb)(T vuPrLvz), Ov. k= (Ev" Prb)(F 7. Priw),
Osg|= (€ Prb)(7 PLv;), Og, |= (¢ PLb)(7 PLv;).
O1|= (eo" Prb)(T 0,0 PrLvz ),
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e Most general effective dim 6 Hamiltonian:

: 410G . oy
oD = \/; Voo[(1+ Cy )OOy, + c//éﬁ. s Osr + Cs Os, 4 Cr Op] + h.c.

e Assumptions:
2> EFT
l:> New physics only in the third generation,
ED Cvy, lepton flavour universal = CY,  ~ 0

r yd O,
. =00+l ( )
' Ay

Assuming SMEFT and no significant effect from NP in b — c(e, p)o

e )

Ov,|= @V Prb)(TyuPrv:),  |Ove|= (€7 Prb)(T . Prv:),
Osgl|= (€ Prb)(T Prv:), Og, |= (6 PLb) (7 PLy.).
Or]= (é Oguyf')l}b) (/_ Opy Fi Vr);
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e Most general effective dim 6 Hamiltonian:

e ™ = —=Val(L+ €, )Ov;, + C/é €5, O, +105 O3, +Cp O] +hoc,

e Assumptions:

g EFT

I:> New physics only in the third generation,
ED C'vy, lepton flavour universal = CY.  ~ 0
I:> CP conserving W.C.

Fitted complex W.C. without significant improvement

OV_L - (ET’JILPLb)(?AI{p’J. PL-UT): OVR s ((;Af“' PRb)(: Y PL-UT)‘
Osg|= (€ Prb)(T PLV7), Og, |=EPrb) (T Prve):
Or= (€0" Pb)(7 0, Priy),

Pirsa: 21070002 Page 19/87



e Most general effective dim 6 Hamiltonian:

%h%cﬁu _ 4 Gl'"

off v Ve[(1+ €y, )Ov, + C, Osy, + G, Os,, + CrOr] +hec.

e Inputs:

B — DWry B. — 10
Rp :
b~ 1 bv'
i? C %::‘
(B — D"ro.) < _/\‘\
B, — 10,
D~
L,
2 2
B(B, - 15,) = #|Va|? x |1+ o P S G

c ittt | — ‘cb — Ly, — L¢
' : e me (mp +me) o
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e Most general effective dim 6 Hamiltonian:

%h—}(:fu _ /; GJ" V’
eff — \ﬁ chb

[(1 R )OVL + OSR + CSL C)SL -+ CTOT] + h.c.
@&

e Inputs:

Rp e Bc lifetime:
R = Br(B, = 70;) < 30 — 40%
I'(B — D(*)TI/T) e Bound LEP Z peak:
B, — 1. = Br(B. — 7i7-) < 10%
F!{-)*
m> :
B(B, — 10;) = #|Va|* x |1+ C, — C, + L= (Cy, — Cy)
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e Most general effective dim 6 Hamiltonian:

141G o
= \/er Veo[(1 + V&~ %R i Osp + Cs, Og,, + Cr O7| +hec.

b—cly
He[‘f

e Theoretical assumptions:

2> EFT

I:> New physics only in the third generation,
ED C'v, lepton flavour universal = C{. ~ 0
I‘-Jl> CP conserving W.C.

e Experimental measurements

An unidentified or underestimated systematic uncertainty...
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e Clean observables:

3.10 REP(L1 < ¢ < 6.0 GeV?/c?) = 0.84615:342+0.013
0.6615:41 (stat) +0.03 (syst) for 0.045 < ¢? < 1.1 GeV?/c4,
2.1-2.50 REF = - |
0.6970-11 (stat) +0.05 (syst) for 1.1 < ¢® < 6.0 GeV?/ct.

21y Br(B, = ptu)™P =269 55 x 107
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e New Physics compites with the SM at the loop level!

UU u,c,‘}
b B e A A AR Y b ——7 — 0
ue, w 73% [U
Lo

e Clean observables:

3.1c RZP(1L1< ¢ <6.0 GeV?/c*) = 0.84613035 70.015
- 0.6670 4% (stat) +0.03 (syst)  for 0.045 < ¢® < 1.1 GeV?/c?,
2.1-2.50 Rg» = | :
0.6970-4% (stat) £0.05 (syst) for 1.1 < ¢® < 6.0 GeV?/c™.

210 Br(B, — ptpu~)"P =2.69793 x 107°

—_—
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da  de

SUB)®@SUR2)r @ U(1)y
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Q. Qo 0.
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da  dhe
] @] (@] (0] O @]
u u u d d d

SU3)®@SU2)r @ U(1)y
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g /

da  de

SUB3)®@SU2)r @ U(1)y
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Q. Qo 0,
3 % Ua U <
i)

da dr S
1

PS D SU4)c®8U2)L ® U(1)r
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" U) F, = (ug, v°), ~(4,1,-1/2)
L Fg=(d° e°), ~(4,1,1/2)

Q. Q. 0,

da dr 53

SU(4)c @8UR2) @ U(1)R
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Pz~ (4,2,0) = (u U) Bu=lu oy (41, /2)
| e Fy=(d° €), ~(4,1,1/2)

sy(1 ® SU©2)L @ UM gk SU(3). ® SU2)L ® U(1)y
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. u) == fuf r/")L ~(4,1,-1/2)
I

Fg=(d° e, ~(4,1,1/2)

1R
= _ = ;,u ] I'Jnu/\/g
,f-‘i iy F ) - .l.l ----- " 1 i i
- -~ o
SU(4)
= (\ru y Xus <X0H>) Ale ~ g4Uy ?

SP4). ® SUQ)L ® UM i SU(3). ® SU(2)L ® U(1)y
SU4)c @ 8U@2)z @ U(1)x
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Fg=(d° e, ~(4,1,1/2)
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V), ~ (4,1,-1/2)

ForL ~ (4,2,0) = (u U) —
- d e), Fy=(d° €°), ~(4,1,1/2)

Ly =Yi FQLF,H+ Y2 H' Fgi Fy

) ™ (5]
—n-[u. — YPI = ﬂ'-[d = }7'3 =
v : o VU
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s .
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Sl
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SP(W). 2 SUQR)L ® U r SU(3). © SP2)1 © Ukl)y 5U3).®U(l)e
SU4)c ®@8U(Q2)L @ U(1)r

Page 44/87

Pirsa: 21070002



u V) F, = (u" V")L ~ (4,1,-1/2)
L

Fg=(d* e, ~(4,1,1/2)

Ly =Y\ ForLF,H+Ys H' For Fu+ Ya ForF,® + Y1 ® Fo Fy + hec.

, L 1 U2 o ] Vo
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V2 2V6 T2 TV e VR

: ;U1 3 . Ug U1 3 (153
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V2 2v6 V2 T V2 e V2

Oy D
(bw(15.2,1/2):( (;jl“ 03

SP(4). @ SUQ)1 @ U r SU(3)e ® SY(2)L ® Ukl)y SUB)e 2 Ul
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e Add a fermion singlet S ~ (1,1,0)

L .
~L41, = YsFuxS + ZuSS +he.

(x)
MP =Ysv, /V2

e Mass matrix for neutral fermions:

0 | EW I 0 v
(v v° S) [ EW ] 0 [ LQ ] Vi
0 | LQ I I o3

|M;(D|>> e m, ~ pCEW)/( La )
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e Add a fermion singlet S ~ (L 1, O) Protected by fermion symmetry

1
—Lor = YsFu xS + 2@ss + h.c..

(x) |
MP =Ysv, /V2

e Mass matrix for neutral fermions:

0 | EW I 0 v
(v v S) [ EW ] 0 [ LQ ] Ve
0 | LQ I @ s

MP|>[ER]>> . m,, ~(JCEW)/(La’)
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e Add a fermion singlet S ~ (1,1,0)

1
—Lor = YsFu xS + 2@55 + h.c..

(x) |
MP =Ysv, /V2

e Mass matrix for neutral fermions:

0 mp 0 v
wve S)| MPYT 0 mp Ve
0 (MDY @ S
gD 7D D f)
MP > MP >y m,, ~[@)(MP)? /(M

No need for (X) to be large!!
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; ey u v
f'Q,'r‘ ~ (4=2.0J = ((f

) b= (u® f s (1,12
I Fg=(d° e), ~(4,1,1/2)

c

Ly =Y\ FoLF,H+Ys H'FgLFa+ Y2 FoLF,® + Y4 ®'Fo Fy+ he.

v
My=Ys— +

v Vo il

O v, 2 5 |

V2 2V6 T2 V2 2v6 T V2

g . !a\_2 'IL
V2

M AL _ _° 52
5 26 V2

D ~ (]5 2._ ]/2) - ((I)(;E;I“; (I(Z;)3
4

) +TyHy, H~(1,2,1/2)sm

sP(4). @ SU@2)1 @ U r SU(3). ® SU2)L ® URL)y SU(3). ® U(1)g
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e The theory predicts scalar LQ)s:

by ~ (3,2,—1/6)5]\1 Dy ~ (3,2,7/6)sm

—Ly D Yo QrPs3(v°)p + Yo b ®y(u®)p + Yy (2[._(1)_?] ()L + Yy (’L@;(d"j;__ + h.c.

m 1 Ua (3 1
M,=Y L +—Y, My =Y Y,

V2 2V6 V2 RV R R f
T (03] 3 D) (35 3 U
MDP —y; L - Ty, 2 M=y, _ 2 y Y2

V2 2v6 22 =B s T R

O~ (15,2,1/2) = (q’(&“ 3) Tellz, H~(1,2,1/2)sn

sP(1). ® SU( 2) @ UAM)r SU(3). ® SUA2)L ® URL)y SU@3). ® U(1)q
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e The theory predicts scalar LQs:

Pq ~ (3 2,—1/6)sm Dy~ (3,2,7/6)sm

—Ly D Ys Qr®s(v°), + Yo b, ®4(u) + Yo Qr®l(e°) L + Y4 €, 8L(d), + hoc.

QB(®3) =—-1/3, QL(P3)=1, @p(P4)=1/3, Qr(P4)=-1

SU(3). ® SU(2)L ® U(1)y
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e The theory predicts scalar LQ)s:

(I)S ~ (3;2,_'] /G)SM Dy ~ (3,2,7/6)31\.1

—Ly D Y2 Qr®3(v°)p + Yol $y(u)y + Y, QL(I)I (e“)p + Yyt J@;(dc);* + h.c.

@B(P3) = —1/3, QL(®3)=1, @B(Pg)=1/3, Qr(Ps)=-1

1 e T
eg,-Kuﬁdﬁg?p*rwcmﬁu KnngQJﬁzwﬂﬂq

L=QM+0(1“*)

Anp

SU3).® SU(2)L @ U(l)y
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e The theory predicts scalar LQ)s:

®3 ~ (3,2,-1/6)sm P4~ (3,2,7/6)sm

—"JC,‘} D }/2 (QL(I);{(VC)L T }{2 f,r’_(Iu(HC]L + Y1 (Q})‘Dj ((P) r + Y‘l ¢ J(I)Tg(l’](‘)[ + h.c.

@e(es) =13 Q.(P3) =1, @B(EY=T(E;, Q.(P4)=-

_ il 2
1 P : (x) (b ;
T FiF (®)px°x"H'eapcp = 13 —5—dRup H'enp
Apg PS

Os

D 1WA7
d~ (15,2,1/2) = ((I_““

O, 0 ) +T4HT2_. H ~ (1,2, 1/2) SM

SP(4). ® SU2)L ® L@ UMk SU(3). ® SU(2)L ® U(1)y
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e The theory predicts scalar LQ)s:

®3 ~ (3,2,—1/6)sm

Dy~ (3,2,7/6)sm

"'JC\, D}f (.2;(1){(1/ )f +}I {Jr(I)l(U )] +}f (.JI(I)T( ),r “f'y x( (I)T i )[ + h.c.

Q ((I)g = —1/3 C,;)L((I)gj = li;

€.g. A Rd,’-{'( ) }rf Eud"r

dr (H) dr

1249 UpR

SU(3

Qp(®4) =1/3, QL(®4) = —

T
1% d2®) H' eop,

Mg, > 10® GeV ("%’\"L)

® SYQ)L & SU3). @ U(L)g
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e The theory predicts scalar LQ)s:

®3 ~ (3,2,-1/6)sm P4~ (3,2,7/6)sm

—"JC,‘} D }/2 (QL(I);{(VC)L T }{2 f,r’_(Iu(HC]L + Y1 (Q})‘Dj ((P) r + Y‘l ¢ J(I)Tg(l’](‘)[ + h.c.

@e(es) =13 Q.(P3) =1, @B(EY=T(E;, Q.(P4)=-

_ il 2
1 P : (x) (b ;
T FiF (®)px°x"H'eapcp = 13 —5—dRup H'enp
Apg PS

Os

D 1WA7
d~ (15,2,1/2) = ((I_““

O, 0 ) +T4HT2_. H ~ (1,2, 1/2) SM

SP(4). ® SU2)L ® L@ UMk SU(3). ® SU(2)L ® U(1)y
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e The theory predicts scalar LQ)s:

D3 ~ (3,2, —1/6)sm Dy~ (3,2,7/6)sm

—;Cy D }/2 (QL(I);{(VC)L T }{2 f,r’_(Iu(HC]L + Y1 (Q})‘Dj (\(‘C)L + Yl ¢ J(I)Tg(l’](‘)[ + h.c.

@B(P3) = —1/3, QL(®3)=1, Qp(Pg)=1/3, Qr(Ps)=-1

; ) 2
1 y & . x) v ot v i
A B D_E . X ga, B 7
e By F, DX x“H'earco ’ AZ dru'y H'eqp
Adg Apg

®3 and Py areepafe if embedded

vy ~ O(10%) TeV, and Aps > 10'° GeV
in Pati-Salam!

Y N b
@~ (15,2,1/2) = ((I(;‘“ %3) +TiHz, H~(1,2.1/2)sm

SP4). ® SUQ)L ® UA) SU(3). ® SU(2)L ® U(l)y
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e The theory predicts scalar LQ)s:

Py ~ (3,2, —1/6)sm Dy~ (3,2,7/6)sm

e r\ rop T/ 3¢
—Ly DY (-2[,‘1)3(1/ )]r ~ 4 Y, ‘(:L(I):g(d')l, + h.c.

RB(P3) = -1

1 _.
AS EfiFf(‘I’TX)C XD
Apg

vy ~ O(10) TeV, and A

SP(4). ® SUQ2)L ® U]
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e The theory predicts scalar LQs:

Pq ~ (3, 2,—1/6)sm Dy~ (3,2,7/6)sm

—Ly DY, Q;;‘Dg(:‘/c)_,r_l + Y5 fL(ILI(u,“)L + Y Q;}Di(t’c}b + Y, EL(I)E(d“) + h.c.

M pr el 1, v Vv Y 1 v, b2
iVl gy 1 V;‘E 2\/(—)_ 2 \/5 Mg — 13 \/2 _)\E @L \2
: , V1 3 . U2 vy 3 .. g
T T I G
V2 2v6 V2 TN B 2
. Oyw @
® ~ (15,2,1/2) = ( ’(;f“ 03) +TyHy, H~(1,2,1/2)gm
. ;

SP4). ® SUQ)L ® UA) SU(3). ® SU2)L ® URL)y SU3). ® U(1)g
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e The theory predicts scalar LQ)s:
®3 ~ (3,2,—1/6)sm Py~ (3,2,7/6)sm

O
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o | —LY = YTy ) vE Y dR(65 %) el |+ huc.

O,
=213 . )
e ¢ contributes to b — s transitions!
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1/3
@y = (;‘i‘g/g) —C¥ = Yohdl (63 % v HiEaR(0s ) etl+ h.c.

3

° P57 —2/3 contributes to b — s transitions!

H'-—]r i ) ' ﬁ
{;.‘_—2;.‘! “1(;!“ " Ia] i - - o
L D 7 VeVe g [Co0e (37uPR)(Ev*€) + Clope (7. PrY) (4" 7°0)]
o NG 17;23()}52)*
0fF = G}; ‘/;b L;;: (.]’.' le
‘f’,;
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1/3

()g

Bs=| %) —L¥ =Y (6 ) vE YRS Gy F) eR)+ b.c.
—

=2 . e
o $7°7 contributes to b — s transitions!

Sl )

Bll(B"" 5 fl £ ] = j2( } ’R_f\’-.’*) e s P i
Ja( )
l|J3 ~ ‘i_’, 2. lff(-;} 5 (J:);

o .

1.6H R+ 1o E

- Br(B, & ptu~)*P % 1o L

' :

= 14 i
X o
P 1 7
s 1.2 Y
+ : .
W ‘ ! T
T 1.0 | 1
: E

= Br(B; —+ ¢* e})SM H

R oemiLLLLLEEELILL oo

1

L]

0.6 - '

2 2.5 ] 3

Pirsa: 21070002 Page 62/87



1/3
o

Dy = ’ 2/3 _ﬁq’c Y”bib @1/3) 1/ ub&b (cbsufg)* a + h.c.

v/
S 5y

° (,b 3 contributes to b — s transitions!

fal )

Br(B; — lada ) = fal ¢) ’R'K'-(*) —
Ja( )
Oy~ (3,2,-1/6) D ¢35 2> O3~ (3,2,-1/6) D ¢;°/*
X 1
1.6} mm- Ry 1o : 0.9}
Br{B, = pTp~ )P £ la N
| i
— 14 2 i 0.8F
pe i
— N — I
s 1.2 :+:_" T 0.7k
5 g~ = M
T 1.0 i ::,:' REY central value
i 15 0.6 : o
= Br{B, — ¢* e YoM P Ry 1o
4 0.8 e~~~ - Tm SIS IIIRRIII RS A K £20
: 0.5 mm R "’:I: lo, Br{B, = p*p~™F £+ 1o .'
0.6; 2.5 3 35 A 080 082 084 08 08 090
1.
Br(B, — ptp~) x 107 72[
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(5],.?!{
3 '-I};;
—2/3 "“)Cy

Y”bib @1/3) I/

ub&b (ésu/3)* a —f"h c.

. ' .
° ] 3 contributes to b — s transitions!

Br(B, — (t¢~) =

®3~ (3,2, -

1/6) O ¢y

f2(Cow)

—-2/3

— T
RI.‘\‘I + lo :
| Br{B, = pTu)®P £ 1o :
o '
'
B
'
1=
p &
v
A=
| n+
1=
'
§ T
n
=
=
§ 0
'
e [
]
]
'
'
]
! X
2 2.5 3

Bi‘fB_L > utpT) X 10~

0.9

~y/
S

J2(Clouy)

Ry = ——
i fal ]

Dy ~ l-r; 2

-
1/6) 2 g3~

[0.045,1.1

————

RE!Y contral value

Rt lo
R 20
mm Ry =+ 10, Br(B, —» ptp~ )™ £ lo
(.82 0,84 0.86 (.85
116
RI\'

0.90
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1/3

0. d
I.-‘g2/3 _)Cbc Ym’) ib @1/3) 1/ ub&b (@32/3)* a —f'“h c.
3
— ‘;"J:.
° ¢3—2z3 contributes to b — s transitions!
o i : Ja(! )
Br(B, — €+07) = f2(Clou) Rier =5 cr
b3 ~ (3, 2, —1/6) D ¢
| T | paames =
1F - | ;!;z' 1
—9 *b .
3 Ryt
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s = (;;32/3 — L3 = YD (03" v ¥ dnles ) et]+ hc.
" ==
o Py 3 contributes to b — s transitions! (also to other processes...)
s
e R0, B 7/4"-
yord yes yeb
Yy, = EY,D° = | fy»e yHe y#H

yTd yTs Yy

Pirsa: 21070002 Page 66/87



{ ]f'rf:{ .

(':)‘ Lo Tl f i r =th

L (@'—'*2/3) L8 = Yobdhy (1) ve Yot d (95 2%) es)+ bc.
3

( ! — —( ‘(f

Qé¢

- (/)—2/3

contributes to b — s transitions! (also to other processes...)

ke

Rer 8377

Yeb

Y, = EY,D° =
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P. 1/3 2
(I,:{ . @__%2/3 M‘CJM Ym’) ib (CD / ) UE nb&b (@3 / )* L s h.c.
o Py 3 contributes to b — s transitions! (also to other processes...)

QO
Yy, = EY,D° = . O ®
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v

5/3
?. b ¢ 45/3 , = 2/3
Py = ( 21/3) —[,f,” St f:hR(q-)I/ ) ul A e%((pLi/ )*d7 H h.c.

) . "
® (/)5’3 contributes to b — s transitions!

ﬁ Y P 51 i
M?

(OF]

c.ﬁ.?fm ’-lG r &

Lt =5 4n [Core (57 PLb)(€v*£) + Crone (7, PLb)éEYv50)]
g w2 ) Xy
S Gp 1/1()1”?; Q ‘/lﬂ'{i?fﬁ
q 1
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/3

(0] CYE
D, = (021/3) _E}(T/)_l = Y4a.b F??(()i/%)ar”z _|_Ym') ~b (Oj/%
Y4

o §13

(]:J_l ~

contributes to b — s transitions!

(3. 2-2l6) 30"

|]i P

)"d Hh.c.

—-10

—1]—%—()——1—? [] 2 4 6

Cl()m:

= Cogs
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0) BBy d By 23
Py = Oglffg —Ef,” . i fl??(q-"),if ) ul e%(q‘;gi/ )*d7 H h.c.
Y4

- (..":3-' {
X . "
° (/)5’3 contributes to b — s transitions!
J2(Croup)

Br(Bs = £Y07) = fo(Crow) Rge = f2(Croce)

9.0 i~ (3,2,7/6) > 6, by~ (3,2,7/6) D ¢,
: R & 1o E 0.9
BE ki g Br(B, = pTp )" P +1a :
8.0 - i _
p : 1] e ——
1
X : -
T ] =07
|"' : E R
B = Sk
1 70 e ® 06 “\I‘
% ! .F ™ Ry: central value
5 s . ~ Y —— RE' t 1o, Br(B, = T p” )™+ 1o
a0 B 0.5 ' R+ 10
; REP + 20
. d l
(i.-i)_ e o = 1 []I - - ;J -\ : .\ -
2 2.5 3 20 4 0.80 0.82 0.84 .86 0.88 0.90
Br(B; — ptp~) x 107 R'[jt_]_f;
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/3
Py = (021/3) —[,f,” e fﬁ(()i/%) ug H Y“b 0 (g)j/;) di H h.c.

Py

g . sy
° (/);.1”3 contributes to b — s transitions! (and also to other processes...)

Ki— prie? g™ 2+ ks ple

Ve

y de = g
-}Tf(;ﬁ‘l — DY’_'I E(: = @e QS'
Y5 Yb“ Vi

R’ R -7‘7‘
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'.‘.')/3

@y T B B % S )
Q4= 52/3 LB o fl%((;’);/ Y ug H Yq{aib en(¢ @;)*{ZGL -+ h.c.
¥4

g . oy
® (/)5’3 contributes to b — s transitions! (and also to other processes...)

Y,, =DY:E°=| @ O :
O
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.5/3

] = p ~ o /e
_ | ¥4 Dy Fab b ( (5/3\% a rab — 2/3\vx% 30 ey 123
P, = 52/ —Ly* Y ep(oy ") ui|H Yy, a%(ey ") d + h.c.
Py
7 . s
° (/)5’3 contributes to b — s transitions! (and also to other processes...)

Yy = KoVexm K1Yy,
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5/3

P, Zab =b ( 45/3 Srab =b ¢ 12/3
Py = 621/3 —[,f,” » FIhR(Q")4/ Yug |+ Y(;)Zb fz";?_(qb,i/ )*d7 + h.c.
!

g . sy
° (/);1“’3 contributes to b — s transitions! (and also to other processes...)

Yl- s YO[
Y4 = Yce YC# "
yte ytr ?

Br(t = cptp™) ~2x 1077

0,
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e s B O ED ) S

Aa, = a, 5
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exp _ aiM = (Ul 2 20 s 0

Aay, = a,
Y
s pe—O— >—
S M s

2

-3 m p :
Aot = ——£% ( 2 3)><'00)
”,aé 1672 jnlf(%”_ j [ ‘ | & .fl I

)aq
o )
/\{1 fi’
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A

(83

¢ I.’L.L. —

Nad—azn =0 D5 IE 501 ESINn

-3 mi [( 9 27 192 ) My
=1 2 [ (PP + NRI) X fioop + —LRe|
1672 ﬂf(f]n_ Z I w

J '+

2 1 p
(/\e ;xf'f)*]flfoop
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g — a.fj‘p — aiM = (251 £ 59) % LOE

—Ly D Y, Qr}(e®), H¥a L ®%(d°) |+ h.c.

-3 m'ﬁ_ 5 245 : my : i
A”ﬁ = 1672 ﬂf:f Z ( I+ )2kl ) X fioop + my, Rel ) ‘f"’)*]'hwp
2 oy }

O,
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Nag—a P =a " =05 EEH0 a0y

"“['Y OYs QLq)g(UC)L —+ YQ EL(I)._l(‘u"')L a'- Y4 QL(I)ELL(EC)L‘ﬁ— Y. qu)g(dc)L + h.c.

U
Ag® = —3 mfi. Z ( |2_|_ \'_’.F 2) W ,L e My [ (\_) )*]f!
”‘,u - B2 ﬂfnﬁ _ ‘aR Jloop m, £ aR J loop
o .?
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—L D|Yeer (,-’J_'_?/B(-r.f“)L +|Ys, (-u,L( (,-’Ji"fg)*((f‘ﬁ')fd + dp( ¢’Jf‘:'f':%)*((f'7"),g) + Yy, (fb((,-’)gg‘ﬁg)*(r]");# + h.c.

—LDeé ()\gPL. + }\fﬂq) u’ (O;ﬁ) ' +h.c.

~
rJJ—rﬁ |
" 5/3°
0l Q;/ \\
¥ '
H ——O0—> o— /!
u;
\ D2y w B 4 F
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—L D|Yoker, (,-’J_'__?/B('r.f“)L il %

(2]

('H,L( (,-"'Jifg)*(ffc)fd + dp( @;:,«':'a )*(rf”)L) + Yy, f.’L((,-"')_-;Q"ﬁ:%)*((F)L + h.c.

5 & (e +pzlpr) v (%) +he

by~ (3,2,7/6) D6y AadP
10"}
=<
< 10-1f
“—j n ' ' 2 "
: 2 3 4 hi} 6 7 8 9 10
M s [TeV]
&
- - a‘-\ P i
G7 l L /
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—£ D Yae;, (,-52/3(-{.{“)1, + Yy, ('H,L( (,-’Jifg)*((fc)b +dr( ﬁﬁ"ﬁ%)*((ﬂ“)b) + Yy, (,’L((,-"IJS_Q’JB)*((F)L + h.e.

00

o = @

23 5/3
¢3! 2!

JUSEE NN EEENENEEEEEEEEEREE

('-.J“r".” = “""J(-‘.]’Ik-l.‘r - (I{U:.rz_“ (I;H;m_'_'-' (‘ll‘wr-'_'_“:(-ju.r,u u
| S— | — 15, [ mm e e e
U _ e - I 0.3¢
“I.\..\ 5,1 -! .\Lf
-1f ' y ] 0.2r
Tk -
2 et BedT
REP 0.1f T Rl
& -3 K . - |
Fi e
L) l. 4 Lhp- - "
5k ..-I.. M:J_ | . J 1 0.1F J
*» s
] ol i 1 ~HEar
7h . 1 0.3} 722 — 732
) . ﬂ_l : > 5 thy g
8 bt T = — . - i T | L A i 1 i i
T e N T e e B 45~ 5 6 7 8 9 10

Agus (',

10448 il f\];l [T(‘\v]
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—L DYapr (,.-’)2/3(’@:”),; + }7% ('u.L.( Qi)i/g)*(;f_.(")L_ + dL((Di/R)*(;H')L ) HY,, f:’}‘(q.-’):{_z'/:i)*[(.i"),; - h.c.

) . 06 -
Y(.-’Jg — . O O Y¢4 —

b— s (9 —2)u
(’.-‘Jnf,lﬁ = —0.5 r'-‘.;”r,:‘r
1 i Tl 4
= e 0.3f
R i y
1_ I 4 §
“.IJ'
2t 1 : B
Ry 0.1f A =
& -3 ! . _ ]
== I 0.0F
o 1 1 -
5t e 1 0.1p ]
+ N
OF : r h. ] —0.2r
7t—o—d H : 0.3} y22 — 732
. ' » i My Wy
e ) I St S P Y NS PR SR
—8 1 '1",,.—_'.’-*(4” —hi=d =l > =% 8 4 b5 6.1 B8 9 10
101p0 .lfml [1(‘\]
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Thank youl




