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Motivation

> In recent years, special attention has been given in the
semileptonic b — s¢™ ¢~ decays.

> In the rare decay B — K(x)¢*¢~ involves a b — s flavor
changing loop induced transition at the quark level making it
sensitive to physics beyond the Standard Model.
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Figure: quark level diagram for b — s¢™¢~ decay



b — s¢*{~ decay

» There are several discrepancies observed when compared to
the SM predictions, among these, R, the ratio of the
differential decay rate d(B — KW/+(~)/dq?, for £ = ju and e,
has generated a great deal of interest.

» R, is defined within a given range of the dilepton mass
squared g2, to g2, as,

Tmax dT (B — KO ptp™)

d 2
Ry = L il : (1)
KO g dr(B — KWete™)  ,
2 dq
q?ﬂin dq



Flavor Anomaly
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The measured Ry and Ry, lie systematically below the SM
expectations:

Rk(g* € [1.1: 6] GeV?) = 0.846 750813916 — 2,55 from SM,
Ri-(q? € [0.045 : 1.1] GeV?) = 0.6601 3533 +0.024 — 2.15 from SM,
Ri-(q? € [1.1: 6] GeV?) = 0.685" 0 323 + 0.047 — 2.40 from SM.



Flavor Anomaly
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Figure: Lepton Universality ratio Rpx for A, — pK{¢t¢~ at 4.7fb~1
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Pol. A, decay



Motivation for A, — AlT{~ decay

» Among the other b — s¢™¢~ processes, the baryonic decay
mode A, — ALT¢~ can provide complementary
phenomenological information

» since the weak decay of daughter A — pmr, = additional
angular observables not present in B decay

» In contrast to spin-0 B, the A has spin—%, = polarised Ap
= increasing significantly the number of angular
observables.



b — s¢*{~ decay

In the SM the rare b — s¢T¢~ transition proceeds through loop
diagrams which are described by

07 = mb [SJ‘“VPRb] 'L”/,Og = [E’y“PLb] [Kfyﬂé] s

010 = [S’y“PLb] [ﬁ’m’}gﬁ] . (2)
If we add new physics operators like the chiral operators and scalar
operators
Oy = [57"Prb] [Z’y#ﬂ ,O100 = [57*PRb] [ZWN%Z]
OS(’) = [gPR(L) b] [gf] ,OP(/) = [EPR(L)b] [6755] . (3)

The Wilson coefficients corresponding to Oy 10/, Os) pr) are
Cy 100 and Cg() p(), respectively. The most general effective short
distance effectlve Hamiltonian for b — s¢T ¢~ transition can be
written as:

Her = \GfF Vib Vi Z {C (M)Oi(M)] (4)



Ap — Aptp: Matrix element

» Assuming factorization between the hadronic and leptonic
parts, the amplitude of the decay process

Ao(p,s) = N(pt, s )jesr (— 1 (g4 ) (g—)) can be written as -
G
M)q,)\g(s’ s/) \/F—th t54 Z Z |: {/A.ZS)\L):&,)Q_'_HSSS L)\l,)\z
i=L,R X
(5)
> p, p/, q+,q- momentum of Ab,/\,/,l,+,,u7
» A1, A2 helicity of u™, u™

» H"s : the hadronic helicity amplitudes
> L;\“)‘Z . the leptonic amplitudes



Form-factors

The matrix elements are parametrized by the following 10
form-factors (fi's ):

(AP S )[F " Ay (p.s)) =
2, A, + 104
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N — pm matrix element

The secondary weak decay is governed by the Hamiltonian
4GE
=1— W ud

The A(k, sp) — p(ki, sp)m(k2) matrix elements are parametrized as

HRs Vus[dy Prul[ay" Prs] . (6)

Ha(sn, 5p) = (p(ki, 5p)7 (K2)| | dyuPru] B Pus] [A(K, 5n)

= [k, $p) (€5 +w)u(k, sp)] - (7)
In the final distribution only the parity violating parameter is
relevant R
— e(w§) = %P (8)

"Rl R

» for this decay define the angles 8, and ¢, are made by the
proton in the A rest frame.



Polarisation of A

» when polarization of the initial Ap is considered, define a
~{lab} _ A{lab} ~{lab} A{lab}

normal vector i = p, . - X Pa, where p, o -, Py, = are unit
vectors in the lab frame.

» The polarisation angle 6 between the 7 and the direction of A,
in the Ay rest frame is defined as cos = ﬁ.ﬁ}[\/\b}.

» The polarisation = the density matrix which is defined as

1 <1+P/\b cos P, sind ) ’ 9)

PXN= 5 Pp,sind 1 — Pp, cos0

where P, is the polarization of the parent baryon Ay.



The Notation

p
@, *
, b,b . Aest frame dilepton rest frame
«~Gp’ ) y A .
. L
, o 1% .
; ;
Arest frame d \C‘\ .
. A
a, Ap
T)’ beam [o]¢]

The lab frame and the 3 rest frames are shown.



Leptonic Matrix Element

The leptonic helicity amplitudes are defined as

LR = (T F75)000) (10)
g = @MW) Fs)00), (1)

» where € is the polarization of the virtual gauge boson that
decays to the dilepton pair.

> L’L\EE\)Q)\, calculated in the dilepton rest frame, in terms of the

angles 0, and ¢, are made by the pu*



transversity amplitudes

We convert the helicity amplitudes to tranversity amplitudes and
for SM+SM’ set of operators the transversity amplitudes are

AP _ -x/EN( Y VB + 22 ma, + mA)\/stcsﬁ) ,
AP =2 N(ff\/ﬁcm’fhr 2 (75 (1, — ma) y/254C3 )
Ai‘f“ ﬁN(fo (ma, +mA)\/_ Coal + Q—”Z“fo/qT ceff)
A‘T(R _ -\/EN(f(?(mAb—mA)\/ZTC&{:?)+ 2;7%fT5\/RCEH)
Ay = -2\/§N(Cw + Cipr) (ma, — mA)\/Z:;f;V ,
Ajp = 2V2N(Cyo — Cror)(ma, + mA)\/Z:;ff‘ ,

for scalar and pseudoscalar amplitudes
L(R v A, — Ty
As” = VaN gy sy,

AHR) AMa, + M LL(R)
As” = VNG, G



Pol. A, full angular distribution

the decay distribution can be expressed in terms of angular

observables as
4B

dg? dﬁ(ﬁ'.g 1,0, 60, 0) 32,“_2 ( (K1 sin® 6 + Ko cos® 0 + K3 005-%) +

(Ks sin? 6, + K cos® 6, + K cos ;) cos b+

(K7sin 8y cos 8y + Kgsin 0y) sin 8, cos (¢p, + ¢¢) +

(K sin 0 cos 0p + Ky sinfy) sin 8y sin (¢y + ) +

(K11 sin? 0y + Ky cos? 6 + K3 cos 8y) cos 0+

(K14 sin? 0y + K15 cos? 0 + K16 cos 9@) cos 0 cos 0+
(K17sinfg cosf + K1 sin ) sin 0, cos (¢ + ¢¢) cos 0+
(K19 sinf; cos 8y + Kop sin ) sin 0 sin (¢, + ¢by) cos 0+
(K21 cos B sin B + Ky sin fy) sin ¢¢ sin 0+

(K23 cos g sin 8 + Ky sin ) cos ¢y sin 6+

(K25 cos O sin 8 + Kog sin 0¢) sin ¢ cos 0 sin 0+

(K27 cos B sin g + Kog sin fg) cos ¢¢ cos 0 sin 0+

(K 29 cos® 0 + Ksgsin? 6 + Kis; cos f;) sin 0 sin ¢y sin 0+
(K31 cos? @y + Ksosin? 6 + Ksgcos 9[) sin @ cos ¢ sin 0+
(K33 sin® 0) sin 8y cos (2¢¢ + ¢p) sin 6+

(K345in2 6;) sin B, sin (2¢ + ¢y sin 9) ) (3.1)



Angular Co-efficient

Since we have retained the masses of the final state leptons, we
write each of the Kj's as

m
Koy = Koy + 75K+ 2 K- (12)

\/_

The each angular co-efficient looks like, for example:
Ku = %Re( AR AR — AR AR+ (R L)
+ 248 AgF + {RHL})
K11 = Pa,Re (AQ‘L i+ AG AL —{R o L}) \

"
K11

—QPAE’RE (A”n La + A S|| + {R > L} AJJA”t

(AR AT — AR A 4 AL A§f+{||<—u})),



Angular Co-efficient

» including the scalar and pseudoscalar these actually introduce
2 more angular co-efficients which are

K35 cos 8y sin 6}, sin ¢p sin 0

K3 cos 0, sin B, cos ¢p, sin 0 (13)

> Integrations over the angles give differential decay distribution
dB

— =2K1 + K>. 14

g 1+ K2 (14)

» This is used to define normalized observables as

Ki
= 1
M= 3BJde (15)



Pol. A, Latest measument from LHCb

Recently LHCb has measured full angular distribution of polarised
Ap in [JHEP 09 (2018)] in 15 < ¢ < 20GeV/? bin.

TABLE III: Angular observables combining the

results of the moments obtained from Run 1 and

Run2 data The first and second uncertainties are
statistical and systematic, respectively.

Obs. Value Obs Value

K 0.346 £0.020 & 0.004| K1 |—0.108 & 0.058 = 0.008
Ky 0.308 +0.040 + 0.008| K19 | —0.151 + 0.122 + 0.022
K3 |—0.261 £0.029 & 0.006| K20 |—0.116 & 0.056 = 0.008
Ky |—0.176 £0.046 + 0.016| K3, | —0.041 &+ 0.105 + 0.020
K5 |—0.251 £0.081 & 0.016| K22 |—0.014 & 0.045 = 0.007
Kg 0.329 +0.055 + 0.012| K23 | —0.024 £+ 0.077 +0.012
K7 |—0.015£0.084 + 0.013| K24 | 0.005 £ 0.033 = 0.005
Kg |—0.099 +£0.037 + 0.012| K25 | —0.226 + 0.176 =+ 0.030
Ky 0.005 £0.084 £ 0.012| K26 | 0.140 £ 0.074 £ 0.014
Ko |—0.045 £0.037 + 0.006| K27 | 0.016 + 0.140 £ 0.025
K |—0.007 £0.043 & 0.009| K2z | 0.032 £ 0.058 = 0.009
Kz |[—0.009 £0.063 + 0.014| K39 | —0.127 & 0.097 + 0.016
Kz | 0024 £0.045 4+ 0.010| K30 | 0.011 £ 0.061 +0.011
Kig | 0010 £0.082 + 0.013| K3, | 0.180 4 0.094 +0.015
Kis | 0.158 £0.117 & 0.027| K32 | —0.009 £ 0.055 = 0.008
Kig | 0.050 £0.084 + 0.023| K33 | 0.022 + 0.060 + 0.009
K7 |—0.000 £0.120 & 0.022| K34 | 0.060 & 0.058 = 0.009




Polarized A, baryon decay

M sm [ sett | | set2| | Scalar

I SM T sett [ Set2 [ Scalar

5 16 17 18 19 2 15 16 17 18 19 20
?(GeV?) ¢*(GeV?)

0. 0.00y
Wsm | sett Set2 | | Scalar
-0.05 -0.05| —
-0.10 -0.10f

° o
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Here we show how the polarised observables behave in SM and in
presence of Scalar and Pseudo scalar operators.



HQET simplifiaction

Including one-loop corrections to the Isgur-Wise relations, the
transversity amplitudes read [Boer et al. 2014]

AR ~ —onei® ey AR = anet R et (16)
ALR) \[NCL(R)m/\b"i_m/\ oY (17)
i
m
AL(R) fNC (R) T\, — TN \ﬁfo, (18)

llo \ﬁ

where the Wilson coefficients are given by

2
ct® = ((Cg +Co) F (Cr0 + Cror) + "”’;‘;m"b 07) :

2
et R = ((Cg —Cy') F (Cro — Cro) + M@) .

qz

The parameter k = k() =1 — (asCg/2m) In(u/mp) accounts for
the radiative QCD corrections to the form factors relations.



HQET notation for WC

» The simplifications of the transversity amplitudes yield
factorizations between short- and long-distance physics in the
angular observables.

» In the factorized expressions, the vector and axial-vector
Wilson coefficient contributes through the following
short-distance coefficients [Boer et al. 2014]

1
pik =3 (|C£|2 + ‘Ci 2) = |C79 :|:Cg:‘2 +|C1o :|:Cm:‘2,
1 * * * * . * *
p2= (cfel — ey = Re(CroCly — CorCly) — ilm(CaCyr + CroCiyy) -
1 *
Py = 2 (ICE[* - Ic£I*) = 2Re(Cro = Cy)(Cr0 £ Caor)

o= (clie™ +clel)
= (ICrol* = [Ca|* + |Cr0]* — [Cror|*) — iImCrq Cyy — Cor Cip

for scalars:
N .
ps = |Cpul + &L I*
ps1 = 2(Cép,C5p_ + Cép . Cap_) .



Null tests

> If the SP operators are absent, then this ratio is equal to

Re(p2)/anRe(pa).
Ks 16m2f ' f ' Re(pz)
Ks  16aam2f{*fRe(pas) + oz/\(m,z\b — m3) AV Re(ps1)

(19)

» the ratios K5/K7 independent of any short distance physics
but are modified in the presence of SP operators as

2
Kk YV

?7:

32f{*fVRe(pa) + (mj, — ma)f Y Re(ps1)

)

16m?Re(pa)

(ma, + mA)FARY — (mp, — ma)FY

(20)



Null tests

» The ratio Ks5/K>3 is independent of any short distance physics
in SM but modified in the presence of SP operators :

2
Ks Va2

Kos

AL FYRe(pa) + (3, — m?\)ﬂAﬂvRe(psﬂ]

16m3 Pa,Re(pa) | (mn, + ma,JFAGY + (mn, — ma) 7

(21)

» We find another null test of ps+ from the following
combination

Kis (mp, — mp)? (mp, + mp)? _
e e P (o

2
’ (22)

my my,



Polarized A, baryon decay
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Figure: These plots show how these new found observables can be used
to distinguish NP scalar operators from the scenario where only SM

operators are present.



Polarized A, baryon decay: Summary

» In this work we have done the full angular distribution of Pol.
Ap taking the full kinematics and retaining the lepton mass.

» the distribution is done with SM operators along with Chirality
flipped counterparts and Scalar and Pseudo scalar operators.

» Applying HQET framework valid in high g2 region we obtain
factorization of long and short-distance physics in the angular
observables.

P> we construct several tests of form factors and Wilson
coefficients, including some null test of the Standard Model
and its chirality flipped counterparts.

» Our analysis shows that new insight to b — s/~ transition
can be obtained from this mode.



Conclusion

Thank you!



Backup slides: Expected experimental precision

Obs. Runl 4+ Run2 50fb~' 300fb~* | Obs. Runl+ Run2 50fb~' 300fh~!
My 0.020 0.006 0.002 | My 0.058 0.017 0.007
M,y 0.040 0.011 0.005 | My 0.122 0.035 0.014
M 0.029 0.008  0.0033 | My 0.056 0.016 0.006
My 0.046 0013 0.0052 | My 0.105 0.030 0.012
My, 0.081 0.023 0.009 | Mz 0.045 0.013 0.005
Mg 0.055 0.016 0.006 | My 0.077 0.022 0.009
M7 0.084 0.024 0.010 | My 0.033 0.009 0.004
My 0.037 0.011 0.004 | My 0.176 0.050 0.020
My 0.084 0.024 0.009 | My 0.074 0.021 0.008
Mg 0.037 0.011 0.004 | My 0.140 0.040 0.016
My, 0.043 0.012 0.005 | Mag 0.058 0.017 0.007
My 0.063 0.018 0.007 | My 0.097 0.028 0.011
My 0.045 0.013 0.005 | My 0.061 0.017 0.007
My 0.082 0.023 0.009 | My 0.094 0.027 0.011
M 0117 0.033 0013 | My 0.055 0.016 0.006
Mg 0.084 0.024 0.001 M 0.060 0.017 0.006
M, 0.120 0.034 0.014 | My, 0.058 0.017 0.006

Figure: Expected experimental precision on the angular observables
achievable at the future LHCb



