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Abstract: Several anomalies have been recently reported by different laboratory experiments: the flavor anomalies involving B meson semil
and leptonic decays by the LHCb and B-factories, as well as the anomalous muon (g-2) by the Fermilab (g-2) collaboration. These deviation
coming from underestimated experimental or theoretical uncertainties, are pointing to new degrees of freedom around the few TeV scale. Er
the field content of the Standard Model may lead to baryon number violation, whose aggressive experimental constraints can rule out a wid
of attractive candidates. Motivated by its safeness under unacceptable baryon number violation and the possibility for having TeV scale ph
will introduce the simplest theory for matter (leptons-quarks) unification based on the Pati-Salam symmetry and show how this theory can &
both the flavor anomalies and the muon (g-2) with the scalar leptoquarks that it predicts.

Zoom Link: https://pitp.zoom.us/j/95090784229?pwd=0Q210QUVkeXFiSmt5S3hKcGJ3SIEyZz09
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[Based on Refs. 1904.09311 and 2004.06726, 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™r5.) B
Rpowy =E ——"—
> R B(B = DWip,) il L ¢

B(B. — J/Vri,)

> Rus B(B. — J/Uuw,)

Rj/ygy ~ 0.25—0.28

B PP =-038+05110%

P, (D*)gpy = —0.499 £ 0.003

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

1G , e
= — = Val(L+ Cy,)Ov; + Cy, Ovy, + Cy, Os + Cs, 05, +Cr Og] +hec.

Hfjf el \/‘2

Gauge boson | Extra Scalar Vector LQ Scalar LQ)
/JV C f)v C bv bv
L L :

B " = L : , s "
WH Lﬁ< { o i < V]ftq \<( SI‘Q-"°k,<(

O]/"L = (E '}“pPLb) (@?11 PL?/Q‘), Ol}h‘ — (C’}“PRb)(f’]’p PLVE)*
Os,| = (¢ Prb)({ Prvy), Og, |= (€ PLb)(£ PLyy),
Orl= (eo" Prb)({ o, Pryy),
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e Most general effective dim 6 Hamiltonian:

?_(’b—n_:ffr/ _ 4 (;F

of /3 Vas[(1+ Cy, )Ov, + Cy, Ovy, + Cs, Osp + Gy, Os, +Cr Or] +hec.
Energy
e Assumptions: AM,,J _______
2> EFT
L. ]

AQ(_‘I_) _____ _ —

O‘”— . (EW#PLE')) (E’Tu PLVE)? OVH — (Cq"“'PRb)(EﬁF"H PLVE).*
Os,|= (¢ Prb) (¢ PLiy), Os, |= (€ PLb)(¢ Pruy),
O7l= (o™ PLb)({ 0, PLve),
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e Most general effective dim 6 Hamiltonian:

141G

%EF“‘{V — ____"V;b[(l + )OVL + (.V.T\.-H O{:’R + OSR = C'_S'{. OS,{_, - CT OT] + h.c.

V2

e Assumptions:

5> EFT
l'-{> New physics only in the third generation

NP effects negligible in b — c(e, p)v,, ,, analysis

Oy, |= (ev*PLb)(T v, PLv7), Ovgl|= (€7 Prb)(T vuPLV-),
OSR — (EJPR[))(FPLUT), OSL = ((_’, PLb)(__ PLU.-).
Op|= (EU'LWPLE))(T—U;LUPLVT):
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e Most general effective dim 6 Hamiltonian:
1Gp

V2

HEFI;IZ'V I/r(b[(l 4 i

e Assumptions:
o> EFT
I_J|> New physics only in the third generation,
ED 'y, lepton flavour universal = 7, ~ 0

P 1 b @l
CL = Cvy +0 ( )
Z ;'\ J\ =5

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

e

Ov,|= (ev*Ppb)(7 vu PLv-), Ovg|= (€7 Prb)(T vy PrLvz),
Os,|= (¢ Prb)(7 PLvy), Os, |= (¢ PLb)(7 PLv;).
OT — (E’ ()"l”/PLbJ(F JH,VIJLUT)'J
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e Most general effective dim 6 Hamiltonian:

4G
Hfé;r.{v _ Flf’ib[(l 4

V2

e Assumptions:
2> EFT
lf|> New physics only in the third generation,
ED C'vy, lepton flavour universal = C7, ~ 0

5> CP conserving W.C.

Fitted complex W.C. without significant improvement

Ov,|= (e+" Ppb)(7 yuPrv-), Ovi |= (67" Prb)(T v PrLv-),
Ospl= (€ Prb)(T PLv;), Os, |= (€ PLb)(T Prv:).
OT = (C (J""”/}_)Lb)(% Og_f.rxl'jLI/T)?
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e Most general effective dim 6 Hamiltonian:

%h%c':!" v 4 Cl'
eff — \/5

Veo (1 + _)OVL + Qg + C,_gi_ Og, + CTOr] + h.c.

e Inputs:

B — DYy B, — 1D
hv E-’ "
> Rp-~ ‘=':~»
I'(B — DWri,) < /A\
B. — Ti,
b ol
Lg,
92 2
B(B, = 77,) = #[Val2x |1+ C) — Cp + ——Be ¢ C, )
c TVr) = " ¢cb i T T g
s \j\- ?]17(m0+mg) “Sf.
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e Most general effective dim 6 Hamiltonian:

—rcbis /i G r 2
%EF PR — T;Vcb[(l e _)OVL ~+ OSR I C._gf_ O,g’,‘ —+ CTOT] + h.c.

O,

e Inputs:

> Rp e Bc lifetime:
s R = Br(B, — 7v;) < 30 — 40%
I'(B — DWri,) e Bound LEP Z peak:
B. — T, = Br(B. — 777;) < 10%
?_”2 %
B(B, - 17;) = #[Val* x |1+ Cy, - Cy, e (Cg, — Cy,)

Pirsa: 21070002 Page 21/87



Pirsa: 21070002

010

0.05F
1.
—0.05
_p. 10k A I . i
-0.2 -0.1 (.0 0.1 0.2 0.3
ARp
C@&,
Vi

*
o

-

AP

0.8}
0.6}
0.4}
0.2¢

-0.2}

=04}

~
—-— ( "'”.’\’

Page 22/87



i o e
e New Physics: Kmimip = 374/ ﬁ[

e SM: v = 655757 d.o.f.

A
-—— o o = e . - -

——— — — — — — — — — —

Y . §
Cv; Csp
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e Most general effective dim 6 Hamiltonian:

1G
= —Va[(1+

\/5 cb

b—clv
He[’f

e Theoretical assumptions:
2> EFT |
|:> New physics only in the third generatibn,
ED 'y, lepton flavour universal = €, ~ 0
l'_{> CP conserving W.C.

e [Experimental measurements

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

3le Ryl < g® <6.0GeV? /) =0.84615 82 0013

0.6670:4% (stat) +0.03 (syst) for 0.045 < ¢® < 1.1 GeV?/c?,

0.6970-1% (stat) £0.05 (syst) for 1.1 < ¢® < 6.0 GeV?/c™.

210 Br(Bs — ptu~)"P = 2,693 x 107°
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e New Physics compites with the SM at the loop level!

UU u,‘( ‘}

b ——prn 14 b ——— —
T
Lo
e Clean observables:

3loe REPl.i<® <60.GeV?/c")=08161 500 500

0.6615:31 (stat) +0.03 (syst) for 0.045 < ¢? < 1.1 GeVZ/c4,
21985 Rpx = - | .
0.6970-1% (stat) £0.05 (syst) for 1.1 < ¢® < 6.0 GeV?/c™.
Br(B, — ptp~ )P = 2.69705f x 1077
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o, o ol
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u u u d d d
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O /

[ da

|SUB)c|® 8U@)r ® U(1)y

Pirsa: 21070002 Page 36/87



Q. Qo 0,
3 % ua U ' <
i)

da dr S
1

PS D SU(4)c ®@8U((2)L @ U(1)r
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F. = (ug, v°), ~(4,1,-1/2)
For ~ (4,2,0) = (“ ”) . |
L

_(:Jp, O(R. ' .e&_

SU4)c ®8U2)r @ U(1)g
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V) Fu=(u® v, ~(4,1,-1/2)
L

, . U
For ~(4,2,0) = (d E——— : ;
Fg=(d° e°), ~(4,1,1/2)

X = (Xus Yo Xus {XR))

SP1). ® SUQR)L @ UM)r 5> SU(3).® SU2)L ® U(L)y

SU(4)c @ 8U2)L ® U(1)g
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) V) Fu — ('U,C UC)L sy (,L 1 _1/2)
L g — (d_c E:_f:.-)L ~(4,1,1/2) |

-4
5 _ B Gr m U‘U’/\/E
,/-1i ~ :r. = = .IIII‘IIIII- 1 8 L
Vis (15,1 0) <( 1“)*/\/2— 0 ) + Ty B
— > /
SU(4)
K= (\”? » Xas (X?—E)) A'IU} ~ g4Uy ?

SPW). 2 SUR)L @ UMr 5> SU). 2 SUQ)L®U1)y
SU4)c ®8U2)r @ U(1)g
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) V) Fu — ('U,C UC)L sy (,L 1 _1/2)
- Fy=(d° €),~(41,1/2)

'_ 1 f‘”‘/\/—)

1 y
()v

\/—L@ﬁl(Q! YL + GrYuVR + dR'“/p,eR) + h.c.

K= (.)'(u.a y Xus (X?E)) A'Z{U] R _(]4’UX ?

*Sﬂi)c"X*Q{/?(Q)L:X'{f’T Jr B> SU@3).®SU(2)r®U(l)y

Pirsa: 21070002 Page 41/87



Pirsa: 21070002

Vi ~

EK D)

udbitihe
4,'§;:UWW T, B

ZLUN@rypbe + Trvuvr + diyuer) + hic.
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(\ua s Xus (X?ﬁ” A’IU? ~ g4Ux f«>.; 10° TeV
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(€ o Uiu/\/;j) + T, B
) : 0 0

—

-+ JRU;@?,QLERGR) + h.c.

Naive bound!

Pirsa: 21070002 Page 43/87



Fy =@ v, ~(4,1,-1/2)
For ~ (4,2, ) : '
L

Fa=(d° e°), ~(4,1,1/2)

o

o |

~—

[l
P Ty
£, B2
o ™

Ly =Y, ForLF,H + Y3 H' For Fy

-

M, =Y,

ol
%

v

-

MP =Y, M, =¥ 2

V2

Nl
€]

H o~ (1,2,1/2) sm
L%l)t & '5‘[*(2)!_‘ ) (WR > S{T(d)( x SW)L (429] (JM)Y = > S{;(J)( ® {—(1)(_2
SUM)e @ STEL ® U(1) 5
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B = %),

~(4,1,-1/2)

Fy=(d° e°), ~

(4,1,1/2)

Ly =Y1 ForF,H+ Y3 H'FqpFy+ Ya FQLF,® + Y, ®' Fy Fa + hec.

"
M,=Y —
V2
MP =Y — -
! ‘”\/5

)] 4 0

i T o i
My = }; ;

2 3 'i-"z
M, =Y — — —=V; —=.

dyw D3\ | .,
‘Dw(]5,2.1/‘2)=( 2 3)+I4Hz. H ~(1,2,1/2)sm

,S;V(f-ljc 2 SU2)L ® @(X)R

> SU(3 .,_a,b/( ® Ufl)y
SU(4)c

RSU((2)L ®U(1)g

> SU@3). @ U(1)g
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e Add a fermion singlet S ~ (1,1,0)

) 1
~Lh1, = YsFuxS + ZuSS +he.

(X)
> MP = Ysv, /v2

e Mass matrix for neutral fermions:
0 | EW | 0 v

(v v° S) [EW] U.[LQ] Ve
0 |LQ| I b

|ﬂf;?|>> M;? > u Wiy R ;;_.[ EW J/[ LQ ]
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e Add a fermion singlet S ~ (1,1,0) Protected by fermion symmetry

. 1_¥
—Lor, =YsFuxS + E@Sb + h.c..

(X)
> MP = Ysu,/V2

e Mass matrix for neutral fermions:
0 | EW I 0 v
(v v° S) [ EW ] 0 [ LQ ] 2
0 | LQ I @ S

M;E) > Mf >u 5> m, x@[ EW J/ [ LQ ]
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e Add a fermion singlet S ~ (1,1,0)

. 1
~Lor, =YeFux8 + E@Sb + h.c..

(x)
> ﬂ'ff = Yfa’l-"/\/i

e Mass matrix for neutral fermions:

0 MP0 v

(vve 8)| (MP)T 0 MP Ve

0 (M2HT S

MP > MP>u & m, ~@MP)?/(MP)?,

No need for (x) to be large!!
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.= (u"‘ 1/”) ~ (4,1,—1/2)
, u v L L
For ~ (4,2,0) = ( ) -
L

5 Fa=(d° ), ~(1,1,1/2)

Ly =Y, FLF,H+ Y3 H' ForFy+ Y2 FoF,® + Y, ® Fp Fy + hec.

U1 1 U9 v

M,=Y; — + Y ; .
V2 2v6 V2 2 2v6 V2
)"lf(j') = .‘f’| ('—1 ¢ .

, Vo ]
e O e MT M, =Y: L _ e
V2 2v6 V2 SN W 2

® ~ (15,2,1/2) = (q’%ﬁl“” ('zf) +TyHa, H~(1,2,1/2)sm

SPY). ® SU(2)L ® Uf)r > SU3).® SYQ) Lo Uy B> SU). @ U(l)g
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e The theory predicts scalar LQ)s:

Py ~ (3,2, —1/6)sm Dy~ (3,2,7/6)sm

—Ly D Yo QrPs(v)p + Yol Py(u®)r + Y Q1 i) 1e°)r + Yy !"',_r}I);[d“)L + h.c.

1 . U1 1 Us

M,=Y; — | ¥5— G PR R TR,

1 \/;2- 2\/(—)a 2 5 1 3 \/:,2- 2\/6 + \/E

; ) 3 v v 3 P+
MP =¥k e & g BT T e WL S
'V2 2B V2 T2 0B V2
q d

® ~ (15,2 1/2):( (g“ 03)+T@{12 H ~ (1,2,1/2)sm
SP1). © SUQ)L @ UMk SU3). ® SYR)L @ Uy 5> SU(3). ® U(l)g
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e The theory predicts scalar LQ)s:

$3 ~ (3,2,—1/6)sm Dy~ (3.2,7/6)sm

—Ly D Y5 Q1 Py (_I,fn)_,_r’ + Yo iy (17_1(1’.1-P)L + Y, 01 (I)Tl (ef)r + Y4 ff(—:m;(d")f + h.c.

QB(P3) =—1/3, QL(P3)=1, Qp(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:

P53 ~ (3,2, —1/6)sm D4~ (3.2,7/6)sm

—Ly D Ya Qp@s(v°), + Ya b @a(u)p + Ya Qr@h(e%) + Ya £ @§(d°) 1, + hoc.

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

1 . ” > . + 1 i - ]
e.g. Ku}:“fd:ﬁ?%?g)?ﬂlGu.ﬁ‘r, K(,%d'fg(ll'ifﬁeﬂﬂ,}.

Enerov L
P = LS}_I i ) ( ll(_lc})

Anp

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

P53 ~ (3,2, —1/6)sm D4~ (3.2,7/6)sm

—Ly DYo Qres(v)p + Yol ®y(u®)r + Y Qp ‘I’I ()L + Yy '{"'.I,‘I):T;("f"")lx +he
Qp(P3)=—1/3, QL(P3) =1, Qp(Py)=1/3, Qr(P4)=-1

9

1 & e . (x) VY o B i
NS E}l-f‘.'_. ,‘),‘('.D\J'HTE.&_B D e '.\‘.-é'dn”.f.- H'eap
Apg Apg

D3

¢~ (15,2,1/2) = (‘I’h-m-

o, 0) +T4Hy, H ~(1,2,1/2)gm
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e The theory predicts scalar LQ)s:

Py ~ (3,2,—1/6)sm Dy~ (3,2,7/6)sm

~Ly D Yo Qp@s(v°)p, + Yo b @y(u®)p + Ya Q@] (e°)  + Yy £,@1(d%) 1, + hec.
Qp(®:z) = 1/3, Q.(®3)=1, QB(@®s)=1/3;, Qr(®s)=-1
e.g. KU-?W%(‘T’W H'eapy, %f dp®) H'enpr
dr

: M
s > Mg, > 10% GeV ( XL)

VL URr

SU3). ® SYR)L @ Uy 5> SU(3). ® U(l)g
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e The theory predicts scalar LQ)s:

P53 ~ (3,2, —1/6)sm D4~ (3.2,7/6)sm

—Ly DYo Qres(v)p + Yol ®y(u®)r + Y Qp ‘I’I ()L + Yy '{"'.I,‘I):T;("f"")lx +he
Qp(P3)=—1/3, QL(P3) =1, Qp(Py)=1/3, Qr(P4)=-1

9

1 & e . (x) VY o B i
NS E}l-f‘.'_. ,‘),‘('.D\J'HTE.&_B D e '.\‘.-é'dn”.f.- H'eap
Apg Apg

D3

¢~ (15,2,1/2) = (‘I’h-m-

o, 0) +T4Hy, H ~(1,2,1/2)gm
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e The theory predicts scalar LQ)s:

P35 ~ (3,2,—1/6)sm Py~ (3,2,7/6)sm

—Ly DY Qp®s(1°) L + Ya br®4(uS) + Ya Q@i (e%) L + Y3 £, ®L(d) L + hoc.

Qp(®3) =—1/3, QL(P3)=1, Qp(P4)=1/3, Qr(P4)=-1

; [ a2
1 T - . WX/ E‘_ ; y 3 .
Wﬂ}lil’ D X.D\J-HTF_LB D — “'—""‘-‘I\..; ff;ﬂf},l I‘I'Cy,"ﬁ’
pg =P8
vy ~ O(10%) TeV, and Aps > 10" GeV 1 N ®3 and Py eu'%‘jafc-r if embedded

in Pati-Salam!

Q)S A
) +TyHy, H ~(1,2,1/2)gm
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e The theory predicts scalar LQ)s:

D3 ~ ( P _I/G)SM Dy ~ (31 2, 7/6)"‘*1\]

—Ly D Yo Qr o ( N~ 1 (/2 o Y ("_J@;(r}.")L + h.c.

vy ~ O(10) TeV, and A

SP1). ® SU(2)L ® UM)
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e The theory predicts scalar LQ)s:

Py ~ (3,2, —1/6)sm Dy~ (3.2,7/6)sm

Ly D Ya Qr®3(v°)r, + Yo lr®a(u®)p + Y Qr®l(e%)r + Vi £,8L(d°) + hoc.

M, =Y,

U1 1 (25) . U , U2
+ Wy T = G W
V2 2v6 22 E—R 7 Ve A
| : 3w . 5 o ome
MP—y L. 2 ¥, =% PL . =

YTV 2 VR TR 0k V2

® ~(15,2,1/2) = ((I)A\_TW Ds

b, 0)+T4H;z. H~(1,2,1/2)sm

SP(1). © SUQ2)L ® Ur > SU@3).® SYQ)L @ UM)y 5> SU).® U(l)g
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e The theory predicts scalar LQ)s:

P3 ~ (3,2,—1/6)sm Dy~ (3.2,7/6)sm

2, Oyl
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178

/

L5 P - [a ) (Lo a ab b 3 %
2= ojz/S —Ly* =Y bCFR(@;/B) vi HY P dp (s 4o er|+ b.c.
Y3 !

O,
=) . i
° ] 23 contributes to b — s transitions!
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(173

_ [ P3 b. Fab b 2 1/3v% a rab b . —2/3 .
Oa=| T | —Ly = Ydp(6y) vi HYE dR(0; ) e |+ e
3 i

“7 i . .
o 727 contributes to b — s transitions!

M2

(j) 3

i ViV o ) Ty ~i . NEo B
o V2 MW-{SE (Chee (57, Prb)(€4*€) + Clope (87 PrY) (U* )]
- - GF V;b L;t « 4‘112 2/3

Pg
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A8

. q abish 7 all3 : 2/3
Py = Cj._ig/g —L33 =Y PdYy (()3/ )'vy —+~Y”ba?z’ (g /3y e|+ h.c.
o
{ = —( !'f“- T

® Py =23 contributes to b — s transitions!

J2(Cloy)

Br(B, — £+47) = £2(Cloue) e (e

»
i

‘. % —2/:
Py~ (3,2, -1/6) D by~

T TS 1

1.6f{mm- R % Lo :

2 mmm Dio(B, = pTp )P L o 1

8 H

=E 1 i
X
- e
L g =
23 5
by i
I 1.0 2
< !5

% Br(B, — ¢"& Jam 1

£ 0.3 ——

1

L]

0.6} e . —

2 2.5 3 3.5 4
9

Br(B:, — p ) x 107
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1/3

@ - 1/3 . 2/3
5= Do — L3 = YO, (oL ve HY 0 al(es 27 e} + h.c.
P3
( = —Cy,
® Py =23 contributes to b — s transitions!
Br(B, = £747) = f2(Clow) Regwy = ————
S2(Cloee)
Py~ (3,2, - 1/6) o f')_:'?'..; Oy~ (3.2, — 1/G) D {_')‘_5..;}';:‘
T Sexp = - ¥ v
1.6} {m—T" £ ' 0.9
o, g Br(B, = pTu P £ o 1
{18 H
= 1.4 H 0.8}
X 1z
— o - L
W12 e =+ 0.7
+ - Py .
w3 5 23 —
Ic 1.0 Ei:; 0.6 REY central value
m Br(B, —+ ctellsm E_ R+ 1o
G 0.3[EEEESEE i | RET -+ 20
: Uu} - T’ P+ 1o, Bri B, - ¥ T !-"'\:p:_'n;l'
0.6; 2.5 3 g ' 4 0.80 EJ.-?_\.z D b-l _[t__l.?_w‘ti 0.88 0.90
Br(B, — pp~) x 1077 RR '
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(1/3

. : cab b .1/3 > —2/3
= o) L = YR v HY O (03> e+ e,
Da .

= . »iyin
° ] 23 contributes to b — s transitions!

Br(B, = £T07) = fo(Clow) Rie = %‘}

Py~ (3,2,-1/6) D &3 ° " By ~ (3.2, —1/6) > 72/
, : 0.¢ . . e e
1.6H Ri'=1o :

o3 g Br(B,— pTu )™ £ le i -

L s 0.8

=14 1

x ' s 7

— b = 0.7

N 12 :J:L fint

iy P = 2,

- | o ™ 0.

) L, .

rr. hell L :t:t R central value |
T [BnBoeelee . A 0 R+ £ 10 |
g 0.8 ] ’ REP + 20 ’

: mm RYE 1o Br(B, — ptp= )™ £ lo
5 - H 0.4 — — _
0.6, 2.5 3 3.5 il 080 0.82 031 086 0.8 090
i B s g 116
Br(B. — p ™) x 107 72',[!\- l
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A3

@ $. =r o 104 - —2/3
©u=| Zog| LY = Ydp(ey) v Y dR(es ") e+ b,
73 .
':_ J..”r - _(.“f

Q¢

=3 . »yiw
° ] 23 contributes to b — s transitions!

Br(Bs = £707) = fo(Clow) B oy = o

1 T v T ,m——;lr T T—— T A
]

g

]

0 1
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&b = =i ;173 - —2/3
3= "%5) —£8 =Y 0 v Y@ (0, P 2]+ b.c.
:I2 d, = _( {1,!{;

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

- te; .-
K. —A Ry 857/

}@fd Yes Ye.b
f/@?) — EY;DC — Y,u.d y#s Y’ub
yTd YT Y™
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A7 i

(0} s TP Iy : /3

= (/) —£8 = Y0y ) vg HY S By %) e+ hec.
~3 ! .

A . it
\ Clioee = —Cleq

o ¢y 23 contributes to b — s transitions! (also to other processes...)

ke

’r{km , Bs 7)’-

Yeb

yHo
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3= — L3 = Yo, (23 e HY 8@ (65 /%) )+ h.c.

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

O
Y4 =EY,D°=| . O O
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5/3

) =Rl
. 4 o bt ,5/3
(I)‘:[ - 02/3 — E }/4 D }/4” ) € }):i) ((;');/
¥4

" AR N
) ud Hygr e%(gbii/ )*d7 H h.c.

° (/)5" contributes to b — s transitions!

3

SOF @ o (3, Peb) (By0) + C
75 I [ (57, Prb)(¢~"0) +

\{'lﬂ’_-r (‘"'l-\f ] L !

04

(59 PO 150)]

c T2 | YR
@ =R e . 7
J GrVaVia | 4M?2,,

._ 2
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10ee

v
J

C

_1910 =

Pirsa: 21070002

® b b 45/3\%, a b -
) —Ly' D }/4”}8,%(0’4/ Jup HY"e

2 . ayn
(] (/)"4"’3 contributes to b — s transitions!

10

(Wl R W R

1}
—6
8

*di | h.c.

By ~ (3, 2; 78] 5@

6 -4 -2 0




Pirsa: 21070002 Page 71/87



Pirsa: 21070002 Page 72/87



Pirsa: 21070002 Page 73/87



Pirsa: 21070002 Page 74/87



Pirsa: 21070002 Page 75/87



Pirsa: 21070002 Page 76/87



Pirsa: 21070002 Page 77/87



Pirsa: 21070002 Page 78/87



Pirsa: 21070002 Page 79/87



Pirsa: 21070002 Page 80/87



Pirsa: 21070002 Page 81/87



Pirsa: 21070002 Page 82/87



Pirsa: 21070002 Page 83/87



Pirsa: 21070002 Page 84/87



Pirsa: 21070002 Page 85/87



Pirsa: 21070002 Page 86/87



Pirsa: 21070002 Page 87/87



