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Introduction
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Other universality ratios:

SM Prediction Observation
Rp 0.299(3) 0.340(30)
[FNAL, MILC '15, HPQCD '15] cf. HFLAV | [BaBar, Belle, LHCb]
Rp~ | 0.258(5) 0.295(14)
cf. HFLAV | [BaBar, Belle, LHCb]
Rjw | 0.260(4) 0.71(26)
[HPQCD 20 | [LHCb]
Rp, | 0.297(4) Soon
[HPQCD '17] [LHCb]
Rp: | 0.245(8) Soon
cf. HFLAV [LHCb]
Ra. | 0.333(13) Soon
[Detmold et al. '15, Datta et al. '17] [LHCb]
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Why is Rp_ interesting?

B F(/\b — /\CT17)

Ry — B2 777/
AT T (A — Aepid)

e Testing LFUV of b — ¢/, with baryons,
e Independent of CKM element.
e All Form Factors already computed on the lattice.

e Rich angular/spin structure, reflected in A, — Ar™ secondary decay.

v
44
0
Ay
udb /\C +
udc A0
Some drawbacks: uds

e A\, Not produced in B-factories, only LHCb.
e B(A: — Ar) =1.30(7)% compared to B(D* — Dr) = 67.7(5)%.
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Assumptions:

e NP happens at a scale A > My, > M,,.

e NP only couples to 7 lepton.
Effective Hamiltonian
GF = T
Hett = Ve | (1 + gv)(€yub)(In*(1 = 75)v)

— (1 = ga)(@vuysb)(IH*(1 — v5)v)
+ &s (eb)(I(1 — ys)v) + gp(Cysb) (I(1 — 5)v)

+ g7(€o (1 — v5)b)(Ic** (1 — y5)v) | + h.c.

N.B. If gv,ga,8&s,8p, 87 = 0, then Heg = HEY (Fermi theory).
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Assumptions:

e NP happens at a scale A > My, > Mj,.

e NP only couples to 7 lepton.

Effective Hamiltonian

4Gr
Wz
+ gk (CrRYubR) (117" V1)

+8s, (CrbL)(IrvL) + g5k (cLbr)(IrvL)

Hetr =—= Vb [ (1 + gv, ) (Crvubr) (17" 1)

+ 81, (ERU;WbL)GRO'#VVL) + h.c.

N.B 8vV.A=8vy £8v,, gs,p = 8sy £ &5, gT = 281,
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Form factors from lattice QCD

Hadronic amplitudes can be expresses in term of 10 Form Factors.

(Acley"blAb) ~ Fo(q?), F1(a%), FL(a%),
(Acley*vsbIAb) ~ Go(q?), G+ (q%), GL(d),
(Ac[eia" bIAs) ~ hy(a%), h1 (), hi(a%), hi(d®),

(Ac[eblAs) ~ Fo(q?), (Ac[ersblAb) ~ Go(q?).

Available from LQCD with uncertainties and correlations.

e Matrix element of vector and axial currents: [Detmold et al. '15]

e Matrix element of tensor density: [Datta et al. '17]
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Helicity formalism

M2
CTTRAN V—A A, ) V=A S—P,A\pS—P T—T5,A\p ) T—T5
§ Y ALY N A HS TS ST 0 T T,

GF Vcb/\/_ / l AN \
SM like Scalar term Tensor term
Vector Leptoquark 2HDM Scalar Leptoquark

Scalar Leptoquark

_ )\bA/VA
= Z HYA LY

Ae{+,0, .
stron e.g. R», S35 model with

gs, = 4gT ~ 0.5/
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Three body decay distribution

Similar to B — D/v.

d°r(B — D)
dg?d cos 0

= a/\,(qz) + bA’(q2)c050 + c)"(q2)cos2 0

N.B. {a;—_c_ozo = 4 observables

2T (A — AO)
dg?d cos 6 N

ai’c(qz) + bii(qz)cose + ci‘c’(q2)cos2 0

=—a_—c¢

N.B. {b‘+ =apt “+ = 10 observables
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Inclusion of the secondary decay A, — Ar™

Narrow width approximation:

Ul SR
Ac==%

A2 ) MU BW(K),

he = (NEm|AS)

e |hy|? + |h_|? known from B(A; — Axt) = (1.30 + 0.07)%

e |hy|?> — |h_|? known from polarization asymmetry a

CheP =12 [—0.947033 [CLEO '95]
A2+ A2 | —0.80£0.09 [BESII
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Full (four body) decay distribution

Full angular distribution

d'T (Ao = Ac (= At 210)
dq?d cos 0d cos Opd P

= A} + A}’ cos On

+ (Bl’\’ + By cosﬁ/\) cos )

+ (Cf’ + G cos 0/\) cos’ 0
+ (D;’ sin 0 cos ¢ + D, sin O sin d)) sin 6
+(

E; sin O cos ¢ + E," sin O sin ¢>) sinf cos .

a (AT +G) =B,
N.B = 18 observables

1, - . _
E(A2 +G)=B.
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Observables

Branching fraction:

dB G+ ¢
_:871'7'/\ A++A_+¥
dq2 b 1 1 3
g’-integrated observables:
(M, =M. )* = oamo
—+ 87T + 2 < 00025
of =T [orat iZ —%
2 | 0.0010
m .
I 0.0005
N.B. all O; are: 27 teen T
- CKM-free,

- (mostly) free of hadronic uncertainties.
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Full set of observables, SM prediction

Florentin Jaffredo (1JCLab)

0, +0; 0 —0;

Ay 1.035 +0.001 —0.405 £+ 0.006
A> 0.658 £+ 0.005 —0.261 £ 0.004
B 0.049 + 0.008 0.667 £+ 0.006
B, | —0.093 4+ 0.009 | 0.761 + 0.002
C; | —0.106 £0.003 | 0.293 £ 0.007
G | —0.112 +0.002 0.300 £ 0.007
D3 0.189 £+ 0.008 —0.492 £+ 0.008
Dy 0 0
E3 0.069 £+ 0.002 —0.172 £ 0.006
E,4 0 0

a (AT + () =By

L (Ay +G) =Bp
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Is there a NP phase?

If there is a new physics phase accessible from this decay, its presence can
be tested via

Dy=D, + D,
Dy = 2v2akN'm? Im (F/’*jﬁtt — /T/_+F/:E|'> ;

T = 2V2arBN'q? Im (g A + HIZHy ).

0.020 M= TV

o013 —— g =—0.15+0.45

—— g5, =0.0+0.45/
— SM

D4(g?)

0.010

0.005

0.000

4 5 6 7 8 9 1 1
q* [GeV?]

Similar with E4(q?).
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Traditional observables: Asymmetries

o AL - Forward-backward, lepton

e Ar/3 - Convexity, lepton

e Apol - Polarization of the lepton

o AR - Forward-backward, A baryon

e N.B. Polarization of the A baryon brings no extra information about

NP.
1 P dr
Afb:F /7/ dcos@dcoso
21

0

1 12 —1/2
1 dr
Arz=— - _—
/37 T / /+/ dcosedCOSO
12 —1/2 -1
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A
x A%

d*T (A = Ac (= A F) £2y)

= A + Ay cbs
dq?d cos fd cos Opd ¢ 1 cpsta

+ <B’\’ Jv» By {:059/\) cos 0

+(q
(Dg/ sin 9/\ cos ¢ + D4’ sin O sin ng) sin 6
+(

E sin O cos ¢ + E sin B sin ¢) sinf cosf.
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d*T (A = Ac (= A F) £2y)
dq?d cos fd cos Opd ¢

¢
x Ag

+ ( Wz/cos 0/\) cos® 0

(D3/ sin 9/\ cos ¢ + D4’ sin O sin ng) sin 6

+ (Eﬁ\/ sinp cos ¢ + E;" sin B sin ¢) sin 6 cos 6.
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d*T (A = Ac (= A F) £2y)
dq?d cos fd cos Opd ¢

¢
x Ag

fr/3 (ﬂ@‘- 0/\) cos? 0

(D3/ sin 9/\ cos ¢ + D4’ sin O sin ng) sin 6

+ (Eﬁ\/ sinp cos ¢ + E;" sin B sin ¢) sin 6 cos 6.
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g*-shape of asymmetries are important
Example: A% almost cancels in the Standard Model

= sensitive to gs,, s, &T-

w(q%) < B + By

- 2 ~ 2 — ~ — ~
S AP 4o ¥+ o gttt
= 2kB2N"g (‘H++‘ - ‘H__‘ _2Re (H_t A+ HiHY ))
0.03 Ab_’ACTﬁT
0.02
- —— gs, = —0.15+0.45/
% 0.01 —— g5, =0.0+0.45/
< 0.00 M
—-0.01
—0.021, , , , : : . . ‘
3 2 z 6 7 8 9 10 11

q* [GeV?]
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Conclusion

e Full angular distribution of A, — Ac(— Am)ly, including all
possible NP contribution.

e All Form Factors (SM+Tensor) are known from LQCD.

e Checked against [Béer et al. '19, Mu et al. '19, Datta et al. '17], but with
simpler expressions and explicit spin structure.

e Exhaustive set of 18 angular observables.
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