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» Current status of FCCC transitions in B
meson semileptonic decays
A |Vub| & |Vcb| pUZZIeS;
v' R(D)— R(D*) anomalies.

»What can we learn from the FCCC
semileptonic b-baryon (=,) decays ?



Why FCCC Semileptonic b-hadron decays?

> Initiated by a b quark which is heavy (various final states accessed) and
long lived (rel. easy to detect).

> Large samples of b-hadron species (B, Bg, B¢, Ap, Ep, Qp ...).
» b = c,utree-level transitions in SM (large BR, |V ;| & ).

» Abundant observables : BR, angular and ratio observables, -
(both differential and integrated values, rich phenomenology).

» Theoretically calculable:
and hadronic currents factorize

» Semitauonic b decays, a path towards NP.
e.g. Charged Higgs or Leptoquarks.

» Good probes for testing SM. -
v' CKM matrix elements measurements H- <

b—»—:—b—c/u h——t >

v’ Lepton Flavour Universality (LFU) tests




Vup & |Vl puzzles

(Vapls [Vogp [Dexct= (39-46 + 0.53,3.60 + 0.14)

» CKM matrix elements are fundamental narameters in SM.

d—'—‘—f’—ffi H_‘i;’ H—/—"{?
> |V,,l and |V,,| are important to tEe S
constrain CKM unitarity triangle. , _ ff: f”,,' f‘f
N i I e T e
> All FCCC processes depend . H i ﬂ E
on the CKM parameters. \ TR R | {
FCAG2024
» Measured FCCC processes is more it
than 4 independent parameters. | 3D
m=) Over-constraining the CKM parameters. ; B-Dly inclusive
I -
> Long standing tension for |V ;| and |V ,,| % §
] ) ] -3 B B-mlv V- 4
(inclusive versus exclusive puzzle) 10 Nt 7 \ =
N
(Vs l, IV Dina= (42.16 + 0.51,4.13 + 0.26)
FELLIELLCELEEELE P . 3.
: Tension: B.~D{t
i ~ 30 i ’
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Measurement of |V, /V |

» Analysis strateqgy ot
Theory Input ) Expeiment § 0/4 v,
|Vun|® _  FFBa k= B(B) =K~ ptwy) B 3

— - . 3

Vo2~ FFeops B(BY — D putv,) B R "

> Extraction of [V,p|%/|V¢p|? in two bins of g% (LHCb,2021):

B(B2 - K~ utv,)

B(B2 - Dy utv,)

B(BY » K~u*v,)

B(B? - Dy utv,)

» Theory input on signal form-factors (complementary approaches)
q* < 7 GeV? from LCSR

q* > 7 GeV? from Lattice QCD

q% < 7GeV?: = 1.66 + 0.08(stat) + 0.07(syst) + 0.05(Dy) x 1073

q?* > 7GeV?: = 3.25 4 0.21(stat) 315 (syst) + 0.09(D,) x 1073

IVub/Vep|(low) =0.0607+0.0015(stat) + 0.0013(syst) + 0.0008(D,) + 0.0030(FF)
[Vub/Vep|(high)=0.0946 + 0.0030(stat) 0992 (syst) + 0.0013(D;) + 0.0068(FF)

» Tension is driven by differences in FF calculations.



https://doi.org/10.1103/PhysRevLett.126.081804

Lepton Flavour Universality Tests

- + 4+ L+
» SM couplings of charged leptons to gauge N e KT
- - . L W
bosons are identical: 9. =9, =9,.  ------ §M<
» LFU Test in b - c transition. Ver Vi Vy
B(Hp—Hcttvy .
R(H) = B((H:—>ch+:u)) , Hy = B®,B{;, A}, BY, ..., H. = D%, D%, D, AL, /Y, ..

v Large BR (few %)
v" Theoretically clean: hadronic uncertainties and V., cancel out (% level).

» The average of the combined 0 i_Fu Experimental ~3¢ tension with SM
* % L "I 0 T T 689 L tontours
R(D) — R(D*) measurements & e

is 3.80 from the SM prediction. o3
> New physics at tree-level?
» Similar deviations may appear

"‘x‘,\ LHCH
Belle IF
Belld ( X

LHCK®

03

in suppressed b = u transition. 0
» More measurements are needed! .F—. o T
> LHCb has unique access to B HELAY g

02 03 04 05

b-baryons including Ay, £, Q. | R(D)




Cross-checks with b-baryon decays

in Ap = puv, and Ay = A uv, decays.
T
b-baryon decays
= \A/T_ I7N
> First measurement of

using baryonic decay channels. {b/r\c}
AU

u u At
x P :

C

» Agreement with the exclusively measured world average, but
disagrees with the inclusive measurement at 3.50.

» Combined analyses have been performed within , the ,
and various scenarios.

» A discrepancy exceeding 3¢ remains between the and



First observation of the mode A, —» A 7v; with a 60
significance and in a baryonic b — cfv decay.

R(A,) = 0.242 + 0.026 + 0.040 + 0.059

Agreement with SM within 1o but LHCb R(AY)
. . o LHCb-PAPER-2021-044
points towards a downward shift 0242:+0426:+0.040:+0.5
. SM prediction
from the SM eXPECtatlon. PRDP_)99(20t19)055008
I‘tglglgglz;(grlo;l%%o.?
[ R 10'3%4%0'OP4| L1 1
0.2 0.3 04 0.5
Approximate sum rule relating R(A?)

R(D™) and R(A,):

Enhancement of R(D™) implies: R(A.) > 0.324(4).
Sum rule relation seems to be challenged.

Continued experimental and theoretical efforts are motivated.



> EZp(bus) and EZ; (bds) are two antitriplet partners of
Ap(bud), the corresponding FCCC processes are:
VS and VS

»> A valuable supplement to the well studied B decays, and an
alternative avenue for determining , once the
relevant hadronic form factors are established.

» Theoretical processes on form factors:

v QM, H.Y. Cheng (1997); RQM, Ivanov(1997), Faustov (201 8);
Bethe-Salpeter approach, Ivanov(1999); CQM, Cardarelli
(1999), Albertus (2005); QCDSR, Azizi (201 2); LF approach,
Zhen-Xing Zhao (201 8);NP scenarios, Dutta (201 8), J.Zhang
(2019).

» We now focus on these decays and perform a first
calculations of the baryonic transitions form factors.



!

» Vector and transitions form factors: g =p—p

(Bela —yovub|B) = im, (0, 1) {m(eﬁ) ~ 10 37 f2(a?) + %mq%‘ 5,(p, )

I . q” u
+uBf (p , A ) [Vu — 0y ﬁ + ﬁ ] ]/suBi(p; /1);

» PQCD factorization formula:

F(G) OC'IIJBL- ®§ ® l/JBf‘

- —
% 14 diagrams

> H starts at a2, LCDAs are the necessary inputs.




> Helicity amplitudes (capture the impact of hadronic effects):

14 A

2 2 2 2T 2

—q q Q< —q q
H = |= fi+—fs| Hi = ——gs|,
1, e _Q f1+Mf3 1 72 _Q+91 Mg3_

2 2 2 2 2 2

v _ |Q2—q a- A _ |Qf—q 9
H%O_ q> Q+f1+Mf2 ’H%o_ q2 Q—91 Mgz )

H =+2(Q% - ¢?)
2

f1—_f2];H1 —\/2(Q+ 2)[ 91 +_92]

» Angular distribution:

0 : the polar angle of the charged lepton.
3 3 3
W) = B (1 + cos? 0)Hy — 7 C0S 0 Hrp + ZsinZH}[L

3 3 ., 3
+05, E}[S-I_Zsm OHr + =cos“OH; — 3cosOH;,
By
B

2
2
» Branching ratio: B, = TEbf %dqzd cos 0, =



Angular observables:

» Leptonic forward-backward asymmetries :

3
Abp(q?) = _E(HTP + 46,Hgy),
2
m
= JdCOSQW(Q) :HT+HL +2_CI€2(HT+HL+3HS)

» Convexity parameter:
CH(q?) == (1 - 25))

> Lepton polarization asymmetries :
Hrp + Hyp + 8¢(Hrp + Hyp + 3Hsp)

Hp— ZHL

H;(q®) = 7 :
3t Hi+ — 2 gH
H}g(qz) e LT STP,
42 H
» Hadron polarization asymmetries :
Hr+H;—6y,(HT+H;+3Hg)
PZ{’(qZ) — _HAr7THL70or¢ HT L S ,
0,2\ — _ 3T Hrp—2Hg],
Pe(@®) = —5V0e——

> The integrated observables are obtained by integrating over g2
separately before taking the ratio.



Numerical results




1. Baryonic Form factors

» PQCD calculations for the form factors are only reliable in the low
q* region (take ten g* values from 0 to m?).

> Fit the form factors by z-series parametrization to extrapolate to
the whole physical region.

F(q?) =
1- qz/Mpz)ole
2 2 2 _ N2
Z(qz) _ Q+ q + -

Vi —q*+0% — 02
» The fitted parameters for the =, — Z. transition form factors with
different models of baryonic LCDAs.

Model Parameter 11 1> 13 91 Go 7
Exponential ag 0.611 0.018 0.017 0.624 -0.017 -0.017
a -3.159 -0.312 —0.266 —3.873 0.265 0.289
QCDSR ag 0.623 0.019 0.018 0.635 -0.018 -0.018
a -3.051 —0.345 -0.277 -3.641 0.276 0.316
Gegenbauer a 0.671 0.042 0.007 0.671 —0.007 —0.040
a -5.152 -0.816 —0.074 -5.050 0.052 0.790

> Insensitive to the different models of baryonic LCDAs.




1. Baryonic Form factors
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expectations in the heavy-quark limit:

fz,s(qz) ~ 92,3(‘]2) ~ 0




2. Decay branching ratios and the LFU ratios:

— — _“_
2 ™ B¢
2@

+2.6+0.5+0.1 - +9.3+1.7+0.2 - +0.000+0.000+0.000
Exponential model (2.1338303%03) x 1072 (7.3133%17183) x 1072 0.2953.0080-00870:00

+0.44+0.2+0.2 -2 +1.0+0.9+1.4 —2 +0.001+0.003+0.003

QCDSR model (2.2107%61%032) X 10 (7'6—0.4—0.5—0.8) x 10 0.29374:000-0.000~0.000
+0.3+0.5+0.4 -2 +0.9+1.1+0.9 -2 +0.008+0.011+0.004

Gegenbauer model (2-5—0.0—0.0—0.3) x 10 (8.4Xp0 00-11) X 10 0.3042/005-0.002-0.000

oz 3| | R

Exponential model (4.3%1%) x 1074 (6.8758) x 1074 0.645%5:911
QCDSR model (4.8*33) x 107* (7.4*1) x 10~* 0.64879:995
Gegenbauer model (4.6703) x 107* (7.0%58) x 107* 0.660%9 355

TS R N

Exponential model (538 x 107° (8.5%3%) x 107° 0.617+93-992
QCDSR model (5.1728) x 1073 (8.4739) x 1073 0.61115:912
Gegenbauer model (7.5%18) x 107> (12.8%328) x 1075 0.58813:993

» Exponential model shows greater sensitivity to the model parameters.
> Results from different LCDA models are consistent within uncertainties.

> Large BRs, b > ¢ (107%),b > u (10™%), accessible to measurements.




» Differential branching ratios.

T
——

Total

 L.VS.T. 5

* Scalar is suppressed
by the lepton mass. |

dB,/dg?x10%(GeV?)

0

* The tau modes are

kinematically suppressed.

» LFU ratios for b - ¢ transition B
with spin 2 and 1 approximately

equal in PQCD: L
:REC =~ RAC = RD* = RD; =~ RI/‘/) = 03

* LFU ratios for b - u transition are larger: Ry ~ 0.65, R, ~ 0.60.
Rr=0.64110.016, R, = 0.688 + 0.064

* Substantial contribution of the spin-flip component in the b - u
transition.



3. Combined analysis of b — ufv and b —cfv transitions

>

The ratio of decay rates:
[(b > ubvy) _ Vil
F(b—)C#V{)) a |Vcb|2 b

_ Jdq*@|PI(1 = 8,)*H(b — ubvy)

©T [dq?q|PI(1 - 8)*H(b > ctvy)

The integration interval depends on the selected g regions in

forthcoming measurements.

Integrated over the whole kinematical region: g2 € [mf, (M — m)z]:

R, Exponential
R (A/E.) 0.23%578
Re(A/E,) 0.113%5033
R, (Z/E,) 2.1+0.2
R.(Z/E,) 0.94 + 0.10

QCDSR
0221507
0.106%0 035
2.240.2
0.99 4+ 0.07

Gegenbavuer
0.2810:02
0.147+5:02
1.8797

0.85%0 0%

A total uncertainty for 2’ mode is around 10%, more suitable for

extracting |V p/Vepl -

Using the latest average of |V ,,;,/V .| = 0.089 £ 0.005 from PDG

reE, —» Awv
(Hf—ﬁof) =(22+04402) %1073,
r, - glwvyg)

r(zg - z%ov,)

rE) - gty

=(14+0.14+0.2) x 1072,

r(&, - Aev,)

r(s; - 22ev,)

=(1.24+0.24+0.1) x 1073,

r(zp - ztev,)

r(&) - £fev,)

= (6.7%3:2 £ 0.8) x 1073.




4. Differential angular observables

> Not sensitive to the models of baryonic LCDAs (Gegenbauer model)

» Leptonic forward-backward asymmetry, large lepton mass effect.
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» Longitudinal hadronic polarization, not sensitive to lepton flavor.
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Ep - EXly, Ep o Ity g, = Aly,

(AFs)  —0.1355338 00637883 0.025%438s

(Afg) 0.148%5003  0.313%g00;  0.302%000s

(CE) —0.09913-002  —0.1871399%  —0.200793-393
(CE) —0.618¥0052 —0.46610013 —0.57825:003
(HE) —0.76210004  —0.947%50%s  —0.989%7 005
(HE) —0.764%0055 —0.943100%  —0.990%7 054
(HE) —0.159%3027  —0.115X505¢  —0.015%505;
(HE) —0.46373:99>  —0.195%9952  —0.004+9:929
(PF) —0.17719:993  —0.4383318  _0.377%3-09%
(Pze) -1 -1 -1

(PY) 0.599+93-992 0.652F3-91> 0.69519:097

(P) 0 0 0

» Theoretical uncertainties are largely reduced.

» Sizable lepton mass effect in the lepton-side observables (spin
flip contributions).

> Electrons absolutely polarized opposite to its momentum
direction (negative helicity).

» Comparable with RQM'’s results for £. and A modes.

> First predictions for the £ mode, pending for comparison.



SUMMARY

>

>

Many tensions in b = c,u transitions, but current attention focuses
primarily on the B and A, decays.

We have investigated FCCC semileptonic Z,, decays in PQCD. Branching
ratios and angular observables and LFU ratios are obtained and
compared with other predictions.

Combined analysis of =) — 2" [v, and Z} — Z/lv, enabes an

independent determination of |V, /V ;1.

The obtained LFU ratios are consistent with their counterparts in B
decays.

FCNC semileptonic b - s,d decays are in progress.

Thanks for your attention!
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(F2+F3): f3:

b | =

1 = F1+%(F2+F3)(1+T): Jo=—

1 1 1
= G1—§(GQ+GS)(1—?’)= 92:—§(G2+G3)= 93:§(G2—G3)-

z-series parametrization

Z( 2)_ VQ?F_ c - VQ?F_Q% F(q2)=ag+alz(q2)
9 l—qz/Mg

VO —F R0

ole

(6333 GeV, for f}, 5.325 GeV,
_, 6.743 GeV, for g, 5.723 GeV,
6.699 GeV, for f; 5.749 GeV,

| 6.275 GeV, for gs, 5.280 GeV,




(i) The exponential model [64],

2
5 ou(l —u) o
2w, u) =

w}
b . N
$3,(@,u) me “,
b _ 0)(2“ — 1) _w_aa
¢3a (w’ u) 20)8 e )

o) = =

s =g

(iii) The Gegenbauer model [61],

(i1) The QCD sum rule (QCDSR) model [59],
15 50 @
_ 7 _ =s/tf ¢ —
d5(w,u) = cozu(l u)l dse (s 2),
P (w,u) = / dse‘s/’ s——) .
& 5 w2u—-1) [ "d s/f ?
b(w,u) = u— )/ se s—E) .
Hofo.) = 3 f s (s=2)®)



Afs,mGF

e
/ 27v/2

> / DaDba?(te)e 5~ Qe by, V) HE (21, 2)
2

Summation § extends over all possible diagrams.

various parity conserving and violating helicity structures

Hr(q") = [Hy | +H 1 4%

Hi(¢®) = ‘Hénﬁ + |H—%u|2=

Hs(q*) = [Hy, >+ [H_y,/*,

Hsi(q%) = RC[H%(JHL+H—§c)Hi%L]:
Hor(e®) = RelHy,H' |, + H_,_H] ],
Hip(q?) = Re[Hy, By, + H_y H])
Hrp(q°) = ‘H$1|2_|H—%—1|J:
HLP(QZ) = ‘Hén|2_|ﬂ—%u|2=

HSP(QZ) = |Hy,|" — [H_y1,]
Hsip(q®) = Re[HioH), — H_y,H', ],
Hsrp(q?) = RC[HélHiég_H—%—lH;}’
Hirp(q") = RelHyH'y  —H 3 H] ]



IIZ I ) Parameter Central value Variation  Unit
A 0.5 +0.2
e AT N f= 9.9 404 10 3CQeV?
wo FL S 0 e A1(E) -2.8 £0.1  107%GeV?
a4 2V 00 -1100 ||Ww A2(E) 5.2 +0.2 10 2GeV?
Gl AL A Aa(E 1.7 £0.1 10 2GeV?
Ay r 0 0 0 00 Ay -3 2
o 2ha I N f= 9.4 +0.4 1077GeV
o R I A1 (E) -2.5 +0.1 10 *GeV?
dp -z 2 0 -1 -1 20 4|
4§"Z.A5 0 0 1 -1 0 0 As AQ(E) 4.4 +0.1 10_2GBV2
@ 4/ N1 11 i) As(X) 2.0 +0.1 10 2GeV?
(T L oo 000 0 0)(T) fa 6.0 +0.3 10 *GeV?
2 - 2Ts 1 1 2000 0 0 T o o
2T 000000 1 0]||m A1(A) 1.0 +0.3  107°GeV
AN I e o | A2(A)® 0.83 10.05 10 2GeV?
T |02 2220 2 2 || As(A)* 0.83 +0.05 10 2GeV?
4p’ - 2T; 0 0 0 1
\ (20" -2)*Ts 1 2




TABLEI. Comparisons of the form factors f;(g?) and g;(¢*) at ¢* = 0 and ¢* = g2, from three different LCDA models obtained in

this work and previous studies in different literature.

Model Form factor i=1 i=2 i=3
This work (exponenial mode) /(¢ =0 054STRUROURT  0OIGEORNN 001 SRR
G =0)  OSOIGTIGIONL 01BNl 0010/ 3u2 000 00!
[l =qma) 09405035 00000 0-034 000 0ot 00 0030200650 002-0.002
9(4° =qma) 093NN —0.0301 000 Sivs o0 —0-032X 00N o o0s
This work (QCDSR model) filg®=0) 0554100 NRT 0012200 001220 3003 000-0.001
9> =0) 05525000 00 oms  —00122 50N S Do —0-011 08 001
i@ =qiw) 0954100 00T 0RT 0037 S s 0-0321 00 R e
9(q® = qiax) 09461050 oo 0032200 oo 000 —0.034 101000 5005
This work (Gegenbaver model) — f,(g2 = 0)  0.560'0904004140008 () g7 1000100014005 () (540.002+0.002:0.000
9:(@®=0) 05670500 0eome  —0:0051 550 Tieooo —0-023 0500 S a1 0003
fild® =gme) 108420500 Ty 0.0822 0GR e b0 0.0122 5 0 05 0000
99 = qna) 1034000000 Do 001020005 00 e 00802000 0 ms 000
NRQM [37] filg?=0) 0.533 0.124 -0018
9:(g* =0) 0.580 0.019 -0.135
LFQM [93] filg> =0) 0.481 0.127 —0.046
gi(g> =0) 0.471 0.026 -0.154
Fild = ) 1.015 0312 -0.097
9i(g° = gha) 0.978 0.068 -0.377
LFQM [47] filg>=0) 0.467 0.185 .
9i(q® =0) 0.448 0052
LF [95] f.q? =0) 0.654 0.143
gi(q* =0) 0.640 0.015 .
LFQM [94] fiq?=0) 0.437 0.123 0.057
9i(q* =0) 0.429 -0.059 ~0.145
Filg? =q2.) 0.714 0.206 0.102
9:(4% = i 0.693 -0.099 —-0.214
RQM [90] filg?=0) 0.474 0.150 0.081
9i(q® =0) 0.449 -0.030 ~0285
Fild = ) 0.945 0.426 0.161
9(q% = Gl 0.962 -0.104 -0.752
QCDSR [96] filg?=0) 0.500 0.141 0.016
9i(q® =0) 0.500 -0.035 ~0.191
Fild = i) 0.971 0346 0.070
9.(9% = g2, 1.107 -0.125 -0.519
HQET [97] Fild* = GPa) 1.029 0.271 -0.050
2

1.029

0.050

-0.271
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FIG. 2: The theoretical uncertainties in S1 scheme for the form factor fi(g?) of =, — ¥ transition . The solid red line shows the
¢? shape at central values of model parameters. The dotted green curves show the effect of the variation of wo = (0.4+0.1)GeV
from the Z baryon LCDAs. The dashed blue, cyan, yellow, and purple curves show the variation of the parameters fs, A1,
A2, and Az of ¥ baryon LCDAs, respectively. The dot-dashed violet curves show the scale ¢ variation between 0.8f and 1.2¢.




» Feynman diagrams:

g g EI IR
o - g g ‘ :
® g ® % ® % g % °
: 5 : :k
g ® g% [} g o% .é
g : T I
g “i
LE g
» Kinematics:
M M. m ,
p=ﬁ(1!110T)rp =E(f 'f 'OT)rfi=(fin2_1)M'f=V'V

e = (0:%952,3;1(”):1‘71 =p—ky — ks, ki = (\%]Hx{» 0, kgT)-

> The conservation laws: X1 ot Xy P X3 = 1, le or kZT + k3T = 0.




Baryonic LCDAs:

» Heavy baryons LCDAs can be simplified in the heavy-quark
symmetry limit.
* P.Ball, V.M.Braun, E.Gardi (2008);
* A. Ali, C. Hambrock, and A. Y. Parkhomenko (2012);
* G@G.Bell, T.Feldmann, Yu-Ming Wang, M.W.Y.Yip (2013);
 A. Ali, C. Hambrock, A. Y. Parkhomenko, and W. Wang (2013);
* V. M. Braun, S. E. Derkachov, and A. N. Manashov (2014);
* Yu-Ming Wang, Yue-Long Shen (2016).

V3. w,u .
(o) gy (190 up to twist 4

1 f(l)
= — [ y5C)apds(@,u) + (HrsC)apda(e w) |(uz,)
8Nc{\/§ e _ e oy w = (x; +x3)M
+f(2) [(YSC)aﬁ¢3s(w’ u) _%(Gnvysc)aﬁ¢3a(wJ u)l (uBi)y} u= xZ/(xZ * x3)

» Three popular models exist in the literature ( =;):
Exponential model, QCDSR model, Gegenbager model.




» The Z. LCDAs were not available at the moment.
> In heavy-quark symmetry: ¢f(w,u) = ¢7 (w,w)l,,_,, ,

» Twist-two LCDAs of Exponential model:

» Based on the light-front formalism for baryons:

2 2
m*  mg  mg

cl)f(w,u) —>Ni¢ic(a),u)e 2B%x1 2B%x, 232x3,
» Constituent quark masses: m, = m; = 0.22 GeV, m. = 0.419 GeV,

» Confinement scale parameter = 1.0 + 0.2GeV.

» Peak around x; ~ 0.7, the on-shell charm quark is generally
recovered.




» Outgoing light baryonic LCDAs up to twist six in the
momentum-space.

I [Sim(is,V5)yCoa + Sam® (a5, 75#)1Caa + Prm(is, ) (Cs) sa

(lI'Bf)aﬁw(‘fE) = _8\/%Np
+792”'”-2('f73f¢) (C’Yf)da‘FVl(“Bf 5) (Cﬁ'):m+Vz”’(ﬂsf’%')?)v(cﬁl)ﬁa
+Vsm (s, 7157+ (C7*) g + Vam? (a5,75)~(C#) ga — iVsm* (s, 150" 2) 3 (CY) pa
+Vem? (s, V5#)5(CE)pa + Ai(tis, ) (Csp ) ga + Aem(tis, £),(Crsp ) pa
+Azm (s, Yu)y (Cysy );5Q+A4m (uB, )y (CY5£) pa —'iA5rrL2(fﬂ,Bfa“’"z,/),y(C’y5’y,L)5m
+Asm? (s, £)y(Cyst) s — 1T1(Un, 157" ) (Cowd™ ) ga — iTam (s, ¥s)y (Cowp™ 2" ) o
+Tam(us, 150" )1 (Couw) pa + Tam(us, ¥50"72,)+ (Couwpd’™) ga
—éﬂ'rrﬁ(ﬂgf%, )y (Copnz”)ga — i Tem? (UB,;7v5¢)y (Copp 2" ") sa
+7:,-’m,2(ﬁ,5f V5 £ )(Copn) ga + ETF):;(’I_LBf’}’g(I#pr),}.(CO'HUZV)ISQ}.

» §,P,V, AT can be expanded in terms of 24 LCDAs with definite
twist and symmetry.

» 4 independent parameters f, 44, 4,, 43, at LO conformal spin
accuracy.
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