Probing New Physics in Ay, — A.(— An)lv

Jan-Niklas Toelstede*
in collaboration with Philipp Béer, Ahmet Kokulu and Danny van Dyk
[arXiv:1907.12554, JHEP 12 (2019) 082]

November 6th, 2020

Max-Planck-Institut
fir Physik
ApDgz it

Technische Universitat Minchen

1]
||| Studienstiftung

des deutschen Volkes



Lepton Flavor Universality

T

o LFU in the SM: Lyukawa =

—qLYVutird — qrVadrd — L1 Vil po+he.

— After SSB: lepton mass and (negligible) Higgs interaction.

e 7 reconstruction difficult due to hadronic resonances ~ 1 GeV.

e Experimental measurements hint at violation of LFU.

Semileptonic decay:

B — DMy¢p

[Rotondo, priv. com.]
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Approach to New Physics Tum

@ Model-independent analysis of New Physics is desirable.

@ We consider the electroweak Hamiltonian at the scale p ~ my,

V2

@ Most general set of operators for b — clvp, up to dim-6 is

4G Vo
Hor = — =D CiOi.
7

Os,1, = [ePLb][(PLvi] Os,r = [cPrb|[{PLvy]
Ov,.(r) = [V Pr(r)0l[vu PrLye] . Ov,r = [ev" Prb| [0y, PLv]
Or = [ea"b][lou, Prvy) -

e Motivation: SMEFT is able to generate all operators above.
[Cata, Jung, 1505.05804].
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Cascade Decay of A Tum

A) = AF(— A7)

b IOS'VT S g,

A 4
YN
//:

@ A assumed to be unpolarized.

e Narrow width approximation of A, since ctp, ~ 60um.
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Kinematic Variables TI.ITI

( Yy A
A,
O¢ S Or
¥ A
v T

m? << (ma, — mAC)2 , cosby, Op, €[-1,1], ¢ €]0,2m]
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Decay Width Tum

Angular Distribution

dir 3 dr

dg?d cosfyd cos O, dp 8 dg? (¢, cos By, cosbp,, @)

K = (Klss sin? 0y + Kieecos® 0y + K1, cos 95)
+ (Kgss sin? 0y + Koeecos® 0y + Ko, cos 9@) cos O,
+ (Kgsc sin 6y cos 0y + K34 sin 05) sin @, sin ¢
+ (K4SC sin 0y cos 6y + Ky sin Gg) sin @, cos ¢

e 10 angular coefficients (observables).

e Number of K;’s fixed by angular momentum conservation.
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Angular Distribution TUTI

Results can be cast into compact expressions, e.g.

dr « m?2 m?2
7K285 = Re{<1+q;>AJ‘1Aﬁl +2AJ—O ﬁo +2q72£4L/ ﬁt}

Q

o Transversity amplitdues:

m ma, 2
AL, = VN sy 1V (07 %Cw++7ﬁcs,+

e In total 10, all of factorized form
/4i4/Hirv f+C.
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Non-perturbative Input TUTI

Q@ Ay — A, form factors (3 + 3+ 4 = 10),

m
(Acley"blAy) = an, [mq?)(mb - ma )

ma, + ma, gt
+ f(Y(q2)b(87+ <p“ + kK — ?(mib - m?xc))

2mp, 2ma
+ f1 (%) (’y“— 5 pt — 8+”k“>]mb-

Lattice data available: [Detmold, Lehner, Meinel, 1503.01421].

@ A. — Arm angular asymmetry parameter from [PDG, BESITI]:

dFAc—>A7r

—~1 C) = —0.82£0.09.
dcosOn. +acos@y,, «
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Key Question Tum

What would be the benefit of measuring this decay?

@ Measurement of all angular observables by LHCb is possible:
[LHCD, 1709.01920]

N(Ag — Aj(—) A07T+);f17)

B(Af — A7)
B(AL — pK—77)
~0.5-10% >~ 10 x N(A, — AZ(2625)u17,) .

[

~ N(A) = A (= pK 7)) x

[Boer, Bordone, Graverini, Owen, Rotondo, van Dyk, 1801.08367].
@ 25 real parameters from non-redundant combinations of the C;’s.

— For my = 0, angular observables are sensitive to 12 out of 25,
for my £ 0 to 22 out of 25 combinations. High sensitivity!

— B — D1y distribution not sensitive to Cy,— and Cg _(4),
Ci+ =Ci, £CiR.
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Hadronic Forward-Backward Asymmetry

T

A

AFB = K2ss + %KQCC R(A%]C_D,) &

I:A{:‘\%]E n

SMl=p 114
075 SM =7

SM
s NP benchmark point
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@ New Physics benchmark point [Murgui et. al., 1904.09311]:

) =115, Cp= cg} =03,

® 0r ~ 1%, compared to dg(p) ~ 2%.
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Summary Tum

e Complete four-fold distribution of Ay — Ac(— An)lv
— For the first time with my # 0 in presence of
all weak effective operators.

o High sensitivity to BSM parameters in the cascade decay.
— Accessible set of combinations from Wilson coefficients large,
22 out of 25 combinations for my, # 0.

e Hadronic forward-backward asymmetry

— Attractive observable for LHCb for a first measurement.
— Small theory uncertainty.
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Summary Tum

Thanks for your attention!
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Angular Observables

SM

l=p

(=T

BMP #1
(=T

BMP #2
(=T

BMP #3
(=1

+0.206 £ 0.004
—0.134 £ 0.004

. +0.288 £ 0.032
. +0.1154+0.013

—0.164 £0.018
+0.063 £ 0.008
+0.125 £ 0.015

+0.310 £ 0.001
+0.016 £ 0.003
+0.221 £ 0.024
+0.183 £ 0.020
—0.031 £ 0.004
+0.023 £ 0.003
+0.063 £ 0.007

-+0.311 £ 0.000
-+0.037 £ 0.002
+0.228 £ 0.025
+0.193 £ 0.021
—0.017 £ 0.003
-+0.022 £ 0.002
-+0.065 £ 0.007

—+0.307 £ 0.001
—0.073 £0.002
+0.167 £ 0.018
+0.122 £ 0.013
—0.123 £0.013
—+0.026 £ 0.003
+0.161 £ 0.017

+0.343 £ 0.001
+0.080 £ 0.003
+0.252 £ 0.027
+0.130 £ 0.013
—0.080 £ 0.009
+0.001 £ 0.000
+0.039 £ 0.004
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Set of Combinations

1 1
+ 2 _ * _ 2
Oyi1 = §|Cv¢\ ) ove=—Cy_Cy,., or1= §|CT| )
£ = Loy, = —Cg _C5 s =l e
51 = 5lbsxl 082 = ~ts-bs4y Ovra = jbvzbT
to =2, .Ch = —Cy. _C} t = 2Cs . C
Oys1 = otvbs £ ovs2=—Ly_Lg i, Ogprq1= oS LT -

*
osve2 = —Cs Cyy

_ + + + +
Y(me=0)= {Uv’l,(fs’l, or1,Reoy2,Imoye, Reoga, Re UST’l,IHlO'ST’l}

_ + + + +
X =%(mg=0) U {Reav&l,ImaVSJ, Reovsz2,Reosv,z, Reoyry, Imoy,}
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