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Motivation for New Physics

e Standard Model is exceptionally Successful

* 5 decades of matching results and growing!

* Observation of Neutrino Oscillation

* Baryon Asymmetry of the Universe

e Dark Matter and Dark Energy

e -> There should be something beyond SM

* Flavor Physics: indirect probe of NP beyond direct collider reach



Motivation

* Rp and Ry« tension
* P, in B-> K*pu*u is another avenue
* BRin B, -> qu*u has deviation from SM
e 1-2 sigma deviations seen in few observables
* Two popular models (Z' and LQ)
* We consider b->sllI” with Z" model
[See talks: Ben Allanach LP-2023
: Matteo Rama LP 2023]



Indirect high scale physics sighature
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RK, RK* coe

 Some B measurements deviate by 1-20 from SM predictions
* Branching ratios of B - Ku*u~, B - K*u*u-, and B, > @utu-
* Angular observables in B - K*utu-
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Still 10-15 % NP allowed [Ben Allanach]



B(B" — ptu) (107)

et
n

o
=

et
w

Nt
i

o
(=

6 ATLAS CMS LHCb - Summer 7070

N T ,l }I Ll T ‘-:\l l T L] T -
C /" / Prelnmnaly ~ ___ ATLAS e
- 7 /7 2011-2016data  __cms 0
e e — 3
WAV ==z~ ---LHCb .
=/ ~~J —Combined
A :
F .
1

The case of B,

5

B(B? — pu) (107

- P

CMS +0.44
BPH-21-006 e 3.83 4
LHCb +0.48
PRL 128 (2022) 041801 —_—3 3.09 .,
ATLAS+CMS+LHCb +0.37
BPH-20-003 P — 2.69
CMS .72
JHEP 04 (2020) 188 - 2947, .
ATLAS IR +0.8
JHEP 04 (2019) 098 - : 287,
SM Prediction
Beneks et al, JHEP 10 (2019) 232 "T" 3.66=0.14
A A l A A A A A A A A A A l A A A l A
1 2 4 5
B(B? — w'w) [10°7]

Still 5-10 % NP possible (Ben Allanach’s talk)




Rp- Rp» Rare b -> sl| WET fit

*A 0.4 LELEL I L I L I L I L I L I L I L I LI | 2_0
B ] B, - pp lo .
e d HFLAV Ay* =10 contours - ¢ flavio
o P pemens | . —— Rk & Ry 10,20
B i 1.5
— BaBarl12 — b— spp lo, 20
0.35 = Belle15 -
. 7o 7 1.0 1
03| { .y -
B LHCb23 ' . LHCb22 -+ 3
B ~ > = no (.5
= N \ - = =
C ] O vy
0.25 |- G =l — //-/
S - 0.0 — 5
: Bellel7 PRD 94 (2016) 094008 W : /
PRD 95 (2017) 115008 orld Average
02 4 HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D)=0.356 £0.029, ., — 0.5 -
B R(D)=0298+0004  pLB72 (01886 R(D*) =0.284 £0.013, . _' P
n 23 (2019) 091¢ - A
C R(D*)=0254 %0005  pic g0 202002, 74 {3&2;"325% |~ /
L1l I Ll 1 1 I Ll L 1 I I’E{lel(ﬁl(z(l'zzl ()];LS(L] Ll I Ll L 1 I 'l |‘ Ll I Ll L 1 I Ll ] /
0.2 0.25 03 0.35 04 0.45 0.5 0.55 -1.0 ™ T T T T
R(D) -20 -15 -10 -05 0.0 0.5 1.0

bspp
CQ

Although current average is about 3 sigma away from SM A Greljo et al.: arxiv: 2212.10497



T — JLJLLL <32x107®

LFV leptonic decays are sources of new physics |
T — eee < 3.6 x 10~%  talk by Y Kuno LP 2023]

pT—eteter < 1.0 x 10712

We have considered, Z’-b-s coupling to be real

Z’ to Il coupling SM like



Observables

Forward-backward asymmetry

1 1 dl’ 0 dl’
A d -/ d
rB(¢%) = dT/dg? (/ cos b d cos ydg? / cos Oe d cos Gpdq? )

-1

Longitudinal polarization

Ratio of BR
\ pe _ B(B— Ket)
Gh1gh dq 2dl'y, T B(B— Kuw)’
(Fr) = o 197 ., B(B - V) *
L) = —3 RV = —m—(V=K"9),
Thigh 72 dT B(B — Vi)
Yow q d—f

, BB-=TW) _ .,
R% - B(B—)TEE)’(T_K2’f2)



B — K*0¢' and B, — ¢

2
(B (R)|57*(1 = 15)bBD)) = Epnpre™ A —2 L) e (mp 4 mi) Au(@?) (10)
mp + Mg«
A2(q2) mea

+i(p+k)u(e" - q) i )= [A3(q°) — Ao(a?)];

mp + Mk«

(K™ (k)|50,4q" (1 — 75)b| B(p)) = 2i€uvpoc™ P’k T1(q°) + [€),(mp — mi.) — (€7 - 9)(2p — @) ] T2(q”)

2

+(¢" - q) [q,, - m% E m. (p+ k)#] T3(q*)

I(¢%, 0,0k, 0) =I:(q%) sin® O + I{(q?) cos® Ok + [I5(q?) sin® O + I5(q*) cos® O] cos 26,
+ I3(q*) sin? O sin? §; cos 2¢ + I,(q*) sin 20 sin 26, cos ¢

+ I5(q*) sin 20 sin B cos ¢ + [I(q*) sin? O + I5(q*) cos® O | cos b,

+ I;(q*) sin 20k sin @, sin ¢ + I5(q?) sin 20k sin 20, sin ¢

~
e

+ Io(q?) sin® O sin® O sin 24. / y

dB 1 c s c S
q = 1 BE@) +613(8) ~ I5(a") — 213(a”)]




B = T{K3, fo}¢t'

The transition matrix elements are:

* *\ | — o) 2V(q2) v *
(kN HBE) =~ ey,

5> ) . wulgs . . 6* .

* 2 2
—iAs(q”) (p+ k)H — 4"
mp + Mk3 q
JPC = 2++ tensor meson (T)
BT
FB(S)T(qz) F~e (0) F=V Ap12and Ti23

T 1—ar(?/m},) + br(g?/m3, )?



Inputs/ Scenarios

P.’, B -> K(*)Il, B;-> qup, B> pp

We consider two scenarios:

*S-1 : CGNP#£O

* S-1l 1 CNP=-C WP

* Takenm, = 4.5TeV,6TeV and 7 TeV (3 values)
(Using latest bounds from ATLAS, CMS)



Differential BR (B-> X pe)
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B - T(K3, f4)te
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B — K7p (top), B — K7e (middle), B — Kpe
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dB/dq*,Fr(q?) and App(q?)

B — K*tu
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dB/dq*, Fi(q¢*) and Apg(q¢®) of B — K*pe

] ; . : D AR ARRRR ReesEEcot
[ A . . . .
VAN : : HE H
- | :
H] ' ..
] .
;] ! 33
- e e
..... 4w 5. 2.
: : §5
< N & M
3 ' : ‘& &
H 1 ’ I 1
: “ : "
H H ] ]
: ._ ' : [
. . N N |
b foiqe S e L T e A A
: : : ¢ ' - : s
A T m : Y
: N : i) J L : !
: X H o H H H ] H h r
: \ : A L Y SR ] L
: s Y N " N . [ N
2 : U I : O SR
& : \ H ] L : ] L
. ] :
i

-

ST meT0 TeV

- - mre6l ToV

o A mna i
-

10

FiGev)

X1

CR gy

iGeV]

] Mhae 1 “
LT EEE DD :
\\m ms\ m .. 1 .m “m : : : : T
£ 7 I B HER ]
/ : th : : ‘E : : [ i
|..‘..-.. N “ N B d -W.....m.... ]
] 1 ' 4
] ] "
] ] ' P
1 1 . E
\ | H 4
\ ] '
\ ] " -
1 1 ' p
L3 ) - .
\ " p
LY . p
E .
> > m
I i
re-g k.,
oL H ]
E E H : : [ :
Do i P = "
HE ' : I 1 Load A
T v | . : : L : '
o N C ol S b
PP T Tt uls fuutrieuier ks K-SR ¥ APV PO PP PO POUUE PUUIR PURR [ m w * w EErTEE—
S e S S SR R R R : 3

wObx RN (P (D)o



Predictions for B->(K2*,f2°)lI" processes

Observable myz.=4.5 TeV|myz,=6.0 TeV|myz =7.0 TeV|mz =45 TeV|mz=6.0 TeV|mz =7.0 TeV
B, — K3¢0¢' (Z' contribution) B — f3€€' (Z' contribution)
S -1 0.010 0.034 0.063 0.009 0.029 0.054
B,. x 10712
S-11I 0.044 0.141 0.262 0.037 0.117 0.218
S-1 0.420 1.316 2.455 0.365 1.144 2.133
B, x 1079
S-11 0.630 2.003 3.727 0.549 1.743 3.243
S-1 0.525 1.655 3.063 0.457 1.440 2.666
B.. x107°
S-11I 0.823 2.609 4.851 0.716 2.271 4.222
e S-1 —0.009 —0.009 —0.009 -0.010 -0.010 -0.010
‘AFB
S-11 -0.120 -0.120 -0.120 -0.123 -0.123 -0.123
- S-1 0.231 0.231 0.231 0.233 0.233 0.233
Arp
S-11 0.122 0.122 0.122 0.122 0.122 0.122
S-1 0.247 0.247 0.247 0.248 0.248 0.248
Arp
S-11 0.128 0.128 0.128 0.129 0.129 0.129

TABLE V: Upper limit values of B — (K3, f3)¢¢' processes in Z' model




Outlook

* Small deviations observed in Flavor sector
* No clear evidence for BSM

* LFV measurements will be key

* Precision Flavor Physics

* Exciting time ahead



