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Outline

» Heavy Flavor Physics

» Photon polarization in b — sy:
B - K,(— Knm)y

» Model-independent extraction using
D - K,(— Knm)e™ v

» Summary
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Heavy Flavor Bottom Physics

» Extract the SM parameters: b f<
Vub, Vcb, Weak Phases - \
| | . | §<ﬁ:K
» Test SM: unitary triangle Bb - CP

» Hunt for NP{ Rare Decays a N
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Photon polarization in b — sy:
B - K;(—» Knn)y



Photon polarization of b — sy

» An unigue sensitivity to BSM with b v
right-handed couplings

» Never been measured at a high
precision: an important challenge
for LHCb (and its upgrade) and
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How do we measure the polarization?

» Time-dependent measurements:
vB; - K.nly
vB; » Kntmn™y
vB, > K"K~y

» Angular distribution:
v’ Baryonic decays: A, = Ay
request to the polarization of A, or A
V' B > Ko5(— Kim)y



Photon polarization of B —» K, (— Knm)y
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Angular distribution method

Gronau,Grossman, Pirjol, Ryd PRL88('01)
* Photon polarization

= Recoiling K, polarization
=> measure it from K; decay angular distribution
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Mass m = 1272 + 7 MeV /]
Full width T = 90 + 20 MeV U]

K7(1270) DECAY MODES Fraction (I';/T) p (MeV/c)
Kp (42 +£6 )% 46
K5(1430)m (28 +4 )% t
K*(892) (16 £5 )% 302
Kw (11.042.0) % t
K fp(1370) ( 3.0£2.0) % t
y KO seen 539
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Up-down asymmetry for K,

Angular distribution: Gronau,Grossman, Pirjol, Ryd PRL88('01)
dlr,,  |A]P|J]? 9 Tm[7 - (J x J*)]
Jcos O 1 X |14 cos” 0 + 2\, cos O W

[ 1 0 ] dl' (B—K
f — d cos O c(la;eKW)
Up-down asymmetry for K1  Aup = ¢ -

fl —I—f_ol d cos O dro(lfggi{”)
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K rest frame e:’Y ﬁ=p|xp2 \
< S o To measure 4,, we need to know the decay factor
P3“//K"’ :
Y
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LHCb result on up-down asymmetry

LHCb PRL (“14)
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Interpreting this result
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TABLE I

Legendre coefficients obtamcd from fits to the

normalized background-subtracted cos @ distribution in the four
K* 7~ 7" mass intervals of interest. The up-down asymmetries are
obtained from Eq. (4). The quoted uncertainties contain statistical
and systematic contributions. The KTz~ 7zt mass ranges are
indicated in GeV/c? and all the parameters are expressed in units
of 1072, The covariance matrices are given in Ref. [22].

[1.1,1.3] [1.3,1.4] [1.4,1.6] [1.6,1.9]
c 63+1.7 54420 43+19 -46+18
s 316 £22 27.0+26  43.1+23 28.0+223
c3 -21+26 20+£31 =524+28 —-06+27
c4 3.0£3.0 6.8 +3.6 8.1+31 —62+32

69+ 1.7 49420 56+18 —-45+109
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Model-independent extraction
using D - K, (— Knm)e™v
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B - K;(Knrmt)y vs D -» K,(Knm)e™v

e

Polarization of y: +, - Polarizationof W: +, -, 0, t

t: timelike, e#(t) ~ pﬁ,
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Angular Distribution of D = K, (= Knm)etv

dFKleue
d cos O dcos 0,
+ do|1 + cos? 0| cos ) + dscosOk |l + cos? 0]

+ dy4 cos Ok cos 0 + ds[cos® Ok + cos” 0]

= d;[1 4 cos® Ok cos? 0]

The angular coefficients are given as:



D - K,(-» Knm)e?

Up-down asymmetries
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Prospect at BESIII & Bellell

LHCb: PRL112.161801(2014)
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A significant deviation from the above value would

be a clear signal for new physics beyond SM.



D - K,(—» Knm)e™v from BESIII
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BESIII: 1907.11370
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B(D" — Kietv) = (2.3 4 0.26 + 0.18 + 0.25) x 1073,

BESIII, Bellell, LHCb, Super Tau-Charm, CEPC in future?



Summary

» Heavy Flavor Physics: indirect search for NP

» Photon polarization in b — sy: unique to probe right-
handed couplings

> Model-independent extraction using D - K,(— Knm)e™v
v Hadron inputs
v Photon polarization in a model-independent way: NP?
v BESIII, Bellell, LHCb, Super Tau-Charm, CEPC in
future?

Thank you very much!
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Including more K; resonances

The angular distribution for D - K,..(— Knm)etv

df Z deJlV

d cos Ox-d cos 0, B d cos O xd cos b

KJ:KlaKf:KQ:K{Q
» For K*(1410)

dr res1,
d cos O d cos b
+2(c/L|* — | |?) sin® O cos 8 + 4|cf|* cos® O sin” 6,

= (|'L|* + |¢”]?) sin® O (1 + cos® 6;)



Including more K; resonances

A
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» K, — K, interference
dUgcr 1
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