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Standard Model
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The Standard Model is Structurally Complete - But....
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Lepton Flavour Universality
Violation
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Lepton Flavour Universality Violation

= |n semileptonic B-decays , Rk and Rk~ = neutral current b — s transition and Rp

and Rp« = charged current b — c transition have deviation from SM prediction.

b — s sector

BH(B — Kpup)

Ry — SAB = Kup) - g 4
K™ BB — Kee) (8-10)
Ryl1-1:6] = 0.84610-960 4 0 016 , LHCb

_ BB — K* i) (2.50)

R =
Br(B — K*ee)
Ry 10:05:2:1 20,6601 0119 1 0.024,

[1.1,6] _ 4+0.113
Ry =0.685"0 113 & 0.047LHCb

b — c sector
Br(B — Drv;)
RD = —1
Br(B — Dlv)
RM = 0.298 + 0.004, Rp = 0.339 == 0.026 & 0.014 HFLAV
_ B(B— D*tv;)

Rpe =
P~ BB — D*Iv)
Rp — Rp~ ~ 3.20

RBSM = 0.254 +0.005, Rp+ = 0.295 + 0.010 & 0.010 HFLAV

These deviations are smoking gun signature for New Physics beyond SM. ]

Shabana Khan =

Lepton Flavour Universality Violation =  4/17




Searches for New Physics
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How can we search for the NEW PHYSICS 7

Searches for New Physics

( Direct Searches ) <Indirect Searches)

P % =& Flavour Physics

Look for new particles produce in colliders
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Effective Field Theory

The effective Hamiltonian for the transition goverened by b — q/v (q = c,u )is given
by:

4G
Heg = 7; Vg [(1 4+ Cv,)Ov, + CyyOv, + Cs, Os, + Cs,Os, + CTO7]

where the operators are:

Ov, = (cyuPLb) (77" PLv)
Ovy = (cyuPrb) (T7"PLv),
Os, = (cPgrb)(TPv),

Os, = (cPub)(7PLv),

Or = (co"Pb)(TouwPLv).
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In context of U; leptoquark, we explore the correlation between observables in b — ¢
sector and b — u sector.
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Interaction between U; and SM quark and leptons :

Hefe = L@y, UL PLL + hidfey, UL PRl + h.c.,

00 O 00 O
hb=10 0 hs|, Hf=]0 0 o0
0 0 hi 0 0 h

Asumming mixing in the up-type quark sector :

Hetr = [(vush? + Viphks ) Ty + (Veh? + Veshbs )&y +

h%375L'yMTL + h?hwn + h%3BR7MTR] Uy

e Only Oy, and Os, contribute to b — ctv~ and b — uTv™ processes.
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U: LQ NP contribution to b — ¢ transition :

( \ The relevant WCs for b — cri decay :
(vth LV hL)hL
che 1 cb’133 csa3 ) N33
Vi 2V2GEVp M, ’
e~ 1 (Vcbh§3 + Vcshé3) h% ‘
R V2GgVep M,
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U LQ NP contribution to b — v transition :

The WCs for b — utv decay :

1 (Vubh§3 + Vushé3) hs

Cb%u —
Vi 2V2GEV b M, 7
oo _ 1 (Vubh§3 + Vushé3) h% ‘
> V26V M3,
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Observable in b — ¢ sector :

= The flavor ratios Rp, Rp+ and R(A.),

= 7 and D* longitudinal polarization fraction in B — D*7i’ decays,

= Branching ratio of B, — 7v.

X2(C;:’ff) _ Z (Oth( ) Oexp) (\/eprr VSM)_l

mn

(Oth( CI) . Oexp) ] +
m,n=Rp,Rp*

(Rth( ) ReXp) (PD* th(C) PD* eXp) N (fLD* th(C,‘) _ fLD* exp)2
UPT U%L

R/\

C
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Fit results and Predictions
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Fit results

Best fit value of NP couplings for three scenarios are given as:

Best fit value(s) i
SM G=0 26.06
S1 | h5; =0.2340.08, A% =0.04+0.12 | 6.64
S2 | hi; =0.2540.08, hi; =0.0240.07 | 6.64
S3 | hk; =0.16+0.03, hs; =1.224+0.05 | 9.17

Fit is significantly improved over SM in S1, S2, S3 scenarios which is evident
from the 2., values.
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e The 1o and 20 allowed regions of the new physics couplings :

hZ*=0.5,My, = 1TeV h3?=0.5,My, = 1TeV

h*=0.5,My, = 1TeV
100 15
10 region 10 region
075 * 20 region 03 « 20 region
® Bestfit ® Bestfit 14
050 02
13
025 01
R 000 Y %12
02
01 1
050
-02
o 10 region
075 « 20region
-03 ® Bestfit
-1.00 09
00 01 02 03 04 05 05 00 01 02 03 04 05 06 000 005 010 015 020 025 030
2 ey s

S1 S2 S3

For S3 scenario complete region of NP parameter space is excluded from the
constraints B(B. — 7v) < 30%(The region with cyan color).
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Observables in A, — plv

The differential branching ratio and LFU ratio is defined as

- dl' (Ap,—pTD)
dB(/\b—>p/V)_T i R(2)_57q?
d =N g P9 ) = I (A pui)
dq?
Longitudinal polarization of final state baryon and tau is defined as
drip=1/2 drip=—1/2 drar=1/2 drar=-1/2
pL _ _ d&  dg? pL _ __d&  d@
P drre=1/2 drie=-1/2" T 7 drir=1/2 drir=—1/2
dq2 + dq2 qu dqz
The lepton forward-backward asymmetry is:
T r
1 0
—————)dcosf — —————)dcosf
An — fo(dq2dcost9) f_l(dq2dc059)
Fe 2T T

fol(m)dcos€+ffl( dcosé

dq? d cos 0)
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Predictions in A\, — plv decay

= We predict observables in Ay, — pl decay for benchmark scenarios NP(S;) and NP(S;)
which correspond to the maximum deviation from the SM predictions.

2
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Predictions in A\, — plv decay
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The observables lepton forward-backward asymmetry Agg, longitudinal tau

polarization P and longitudinal polarization of final state Baryon P{; are
consistent with SM.
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Conclusions

= We have studied new physics effect in A, — pl decay in U; LQ model.

= The new physics couplings in b — uTi transition can be expressed in terms of
couplings in b — cr decay along with a suitable combinations of elements of the
CKM matrix.

= One expects a strong correlations between these two sectors.

= The new physics parameter space is constrained by the measurements in b — crv.

= For S3 scenario (hé?3 = 0.5,h§3, hé3 varying.) complete region of NP parameter
space is excluded from the constraints B(B. — 77) < 30%.

» The data available of b — ¢ sector allows two times enhancement in DBR and R,
and other observables Agpg, Pﬁ, P[L, are consistent with SM.
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Thank You
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Backup slides go here

Pr(Ny — pl?) m?\ 2 m? 4my
——F—=N(1-—=) |[A+ =5B+2C+ — 1
dq2 dcos b, ( q2 ) |: + q2 + + /q2 :| ’ ( )

where
2 2
A = 2sin? 9,(H§0 + H2_%70) + (1 — cos 9,) H2%71 + (1 + cos 9,) H2_%7_1, (2)

B = 2cos? 6,(H2%70 + Hi%,o) 4 sin? 9,(H§1 + Hiéﬁl) + 2(H§t + HE%,t)

—4 cos 9/<H%,tH%,O + H_%7tH_%70) (3)
2 2
¢ = (M%) +(Hho) Q
D = —cost(HyoHih +H 1 oH )+ (Hy MG+ H oy H ) (5)
) ’ 2> Y ’ 27
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The g° dependence of the helicity form factors in the lattice QCD calculations are
defined as:

1
1_‘72/(”720/(9)2[26 +af ()], (6)

where i =+, 1,0 and the expansion parameter is defined as

Z(q2): \/t-i-_qz_\/t-‘r_tO
Vi - @+ VE b

Here t. = (mp, + mg,)? and ty = (mp, — mp,)>.

fi(a) =
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