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BSM-sensitive Charm decays

resonant and multi-bodies, mesons and baryons,.. Pios=m K

radiative c > uvy: D - V~, V =p,.., D — P, Py,
D%A’Y,A:Kl,..D%Plpng’y,
Ae = py, 22 — A(= pr)y,....

semileptonic ¢ — wll\"): D — mup, D — pp, D — Py PyY,
Ao — pll, 20 — A(— pr)l,...

dineutrinos/MET/ALPS ¢ — wwov: D — 7wvv, D — vv, D — P Povp,
Ao — pri, 20 — A(— pr)vp,...
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Very little probed so far

radiative c > uvy: D - V~, V =p,.., D — P, Py,

D — Ay, A=K,,..D — PP,Psyy, Ao = pv, 20 = A(— pr)y,....
B(D" — p’) = (1.77+0.31) - 107" Belle’16, Cabibbo-favored modes:
B(A. — ¥v) < 2.6- 1074, B(Z° — =%) < 1.8-10~* Belle 2206.12517

semileptonic ¢ — wll\"): D — mup, D — pp, D — Py PylY,
A, — pll, 20 — A(— pr)l,... B(D — mrup) ~9.6-10"7 LHCB'18
B(Ae — pup) < 7.7-107° LHC'17, [D — 7pp, D — pp upper limits]

dineutrinos/MET/ALPs ¢ — wv: D — wvv, D — v, D — P, Puv,
A. — pvo, 22 — A(— pr)vi,... B(DY — nothing) < 9.4 -107°
Belle’16, B(D" — «vir) < 2.1-10~* BESIII 2112.14236
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Rare decays of A, =, (). theory and observables

Baryons are sensitive to many couplings and can be polarized or
undergo self-analyzing (weakly-induced) decays 2203.14982, 2202.02331

Decay Br ap
A(1116) = pr— | (63.9+0.5)% | 0.732+0.014
»*(1189) — pr® | (51.57 £0.30)% | —0.982 4+ 0.014
=0(1315) — An°® | (99.52 +0.012)% | —0.356 + 0.011

Table 1: Branching ratio and weak decay parameter ag of self-analyzing hyperon decays [PDG].
Note, the =~ (1322) decays almost entirely to A7~ with sizable ap = —0.4, however, it is not produced
in rare decays of charm baryons. (from 2203.14982)

=0 — A(—= pr )y, U, EF — St (= pr)y, 0, Q0 — Z0%(— AxO)y, 4
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Rare decays of A, =, (). theory and observables

e radiative ¢ — uy 2203.14982, 1701.06392
e clectroweak ¢ — w¢/ 2107.13010, 2202.02331
e dineutrinos ¢ — urr 2010.02225

Not a single baryonic one observed.

SM tests in rare charm decays are null tests based on approximate
symmetries of the SM: GIM, CP, cLFC, LFU, SU(3)r

Advantages charm (vs beauty):
GIM-suppression very efficient: C>M = C5M = 0 (and RG effects tiny)
SU(3)r partner modes - SM-like and NP-sensitive ones related.
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Rare radiative decays of A, =, ().

theory and observables: 2203.14982 SU(3)-F techniques

Decay U-Spin SU(3) SU(3)r IRA

Ae — ST~ VA ViaAs VX V,aBs VX VyaD

=20 =04 VEViadAS VE VuaBS VE VyaD'

Ae — py —SAs + AAAN + Ar SBs. — ABA + B~ D — Aby + D~

EF - 2Ty SAs + AAA + A~ —YBy, — ABA + B~ SD + Aby — D~

=0 5 Ay —\/gZJA’E— L(AaA), + AL) @ZB§+\/§ABA+%B7 —\/7ZD’+\/7Ab4+ D~
=0 50 | —Lwap + By +4)) | —LSBE+ S ABA+ /3By | uD + S Abs+ \/_D7
=EF — py V5 Vs As V. Vs Bs * VusD

20 & n~y Vs A% > Vus B ¥ VusD’

Table 2: Flavor symmetry relations of the decay amplitudes for the charmed anti-triplet baryons. A(/) and A(/) refer to the U-spin

triplet and singlet SM contributions of the W-exchange diagrams. A(7’) = A(/)

distance contributions with intermediate vector resonances. X =

%
VCSVUS V Vaud JA =

( ) denote the ¢ — w~y short distance and long
vz Vu3+V o Vad . V2 Vb

2

— —&5—. Top:

CF, SM-like decays, Middle: SCS, NP-sensitive, Bottom: DCS, SM-like decays Relations for charm sextett -decays (2. — A, X9, =9)

also in 2203.14982.
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Rare radiative decays of A, =, ().
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F|g ure 1 - NP effects in the branching ratios of the BSM sensitive decay modes as a function of the branching ratios of the SM-like
decay modes, for ASF = —0.5. The black dashed line denotes the SM in the U-spin limit. The gray shaded area shows +30% U-spin
breaking in A%'\?R. The blue (green) region illustrates the BSM reach in C7 (C7). We set C;, = 0 (C7 = 0) and varied the other

coefficient within —0.3 < C§') < 0.3. The BSM regions also include the +£30% U-spin breaking of the SM amplitudes. Cabibbo-favored
modes: B(A. — Sv) < 2.6 - 10~ %, Belle 2206.12517, thatis B(A. — pvy) < 1074,
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Rare radiative decays of A, =, ().

Probing photon polarization 2203.14982
Pg_: polariation of charm baryon, ag: weak decay parameter of
secondary decays (ag = 0 for strong decays)

angular distribution B, — Bi(— Bam)y

d?B
d cos(¥~)d cos(V¥p)

x [1 4+ Pp_ apcos(¥y)cos(¥p) + apAycos(¥p) + P Ay cos(¥~)] . (1)

polarization asymmetries

1 1 d 0 d P A\
Al = — (/ d cos(¥~) 5 —/ d cos(¥~) B ) = BT (2)
B \Jo dcos(¥y) J_1 d cos(9~) 2
1 1 dB 0 dB apA
AL = — / d cos(? —/ d cos (¥ = 2oy 3
FB ™ B ( 0 cos( B)dcos(ﬁB) 1 cos( B)dcos(ﬁ3)> 2 )

extract A>" from Cabibbo-favored partner mode
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Rare radiative decays of A, =, ().
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F| ure 2: BSM reach of A\~ of the BSM sensitive decay modes =t - ZJ+'y (left plot) and =0 A~y (right plot) as a function
¥

C C
of the photon polarization of the corresponding SM-like decay modes, A. — Z+'y and E(C) — EOW, respectively, for BCF =5.107%,
The black dashed line denotes the SM in the U-spin limit. The gray shaded area shows +20% U-spin breaking between rg,\':/l and rgﬁs.
The blue (green) region illustrates the BSM reach in C~ (Cé). We set C§ = 0 (C7 = 0) and varied the other coefficient within
—-0.3 < C§') < 0.3. For the darker shaded area we used the SM amplitudes in the exakt U-spin limit. For the lighter shaded area we

additionally considered +=30% U-spin breaking in FE'\;'R, while keeping the U-spin breaking of the ratio frg,(\:,ls limited to =20%. The BSM

reach of A, — pvyand 2% — 0~ coincides with = — =T~ (left plot) and is not shown. O (1) NP effects in ~-polarization; Charm
quarks are produced polarized at the Z: PCZ = —0.65, depolarization in hadronization Falk, Peskin Pfc ~ —0.44 £ 0.02. Input for

BSM search, needs to be measured, e.g. from A, — A(— pm)flv. 1701.06392
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Rare radiative decays of A, =, ().

BSM sensitive (SCS) decay | CF decay ("SM-like”)
=F — nty Ac = X7y
=) — Ay =) — =0y
Q, — =2 =0 — 20y
= YTy Xy Xy
=0 — Ay Y0 — Ay, 20 — =20y

Table 3: Partner modes which enable tests of the SM by the photon polarization using the decay
chains B. — B(— B’ P)~ and U-spin relations. The secondary baryons (A, 1, =°) are self-analyzing.

CP-asymmetries can be enhanced: AZ¥ ~ Im (ﬂ) ~ —6x 1074

>
()
—2C
7
Im( S )

NP: ~ 2 x 10~2 (with A Acp-constraint), else if O§’) > Cé’) even larger
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Rare electroweak decays of A, =.. (2.

theory and observables: 2107.13010, 2202.02331 highlights for
BSM searches: GIM (C$M = 0), angular distributions, CP, cLFV, LFU

differential angular distribution unpolarized A.., (polarized worked out
in 2202.02331)

d*T 3 .2 2
dPdeos T = (K15 sin“ ¥y + Kyee cos™ 9, + K. cosvy)

— observables branching ratio (—) , longitudinal pol. fraction F}, (+)
, Forward-Backward asymmetry A%, o< K. o< Cip. (++)

A. — p form factors from lattice 1712.05783 — SU (3) g -relations to others 2203.14982

=0 =0 50 =+ +
=T —A =T =2 =T =3
—\/éhJ_C = \/§th =h ° = hj\_c P Endpoint relations (at g2 =max): 2107.12993
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Rare electroweak decays of A, =.. (2.

resonant SM
non-resonant SM

dB(Ac = pup™)/q% [GeVT

0.0 05 10 15
¢* [GeV?]

F|gu re 3: The differential SM branching fraction of A. — pu™ 1. In blue (orange) the short-distance (pure resonant) contri-
butions are shown. Their widths indicate theoretical uncertainties of hadronic form factors, resonance parameters and scale uncertainty

pc- The central line in the resonant case is obtgjnae Ry-aNErag (P DRIEHYALY PR BiKRPG fbases.




Rare electroweak decays of A, =.. (2.
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F|g ure 4: The fraction of longitudinally polarized dimuons F;, of A, — puT 1~ decays for various BSM contributions including
theoretical uncertainties from form factors and resonance parameters. The orange band corresponds to the resonant SM contribution.

Sensitivity to dipole coefficients!
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Rare electroweak decays of A, =, ().
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F|gure 5: The forward-backward asymmetry Apg of A, — puT ™ decays for different values of C1g in the full g2-region
(left panel) and for various BSM contributions in the high g2 region (right panel)

Arp x C1g clean null test of SM (GIM); Three more GIM-based null tests in 4-body decays

=F o St (o pr9)ete—, 20 = A0 (= pr )t e—, Q0 — 20 (— AO70) et~ 2202.02331)
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Dineutrino modes of A, =, ).

theory and observables: 2010.02225 all modes are null tests and
can probe lepton flavor structure
highlights for BSM searches: GIM (C*™ = 0) , cLFV, LFU

. B (DY — 7vr) L Buax(D+ — 7wt v D)
e Bmax(DO — 7y 17) e B (..r’\:' — pv 17)

B (D — 7 xOv i)

10()
nireee =1073 Biy (D —» KY K vw)
.30 5 N = 107° Bu(D* — K+ K~ vp)
. FOC- . .
50 \ : T = 1 B™(D° —» K* K vi)
_____ - -— - Bellell '
; T <1 — BE¥(D* = ntvp)
- ax ( )0 0, - :
\ BE]L}‘(D Il V) e B?E%‘C(D* =7y 17)

e BEEL(Af — prD)
Bivc(D® = n’n'vo) ___ pmax (Af = pvo)

Bmax(DO e . 17)

()B(\* - 1)1/17)

10725 by ppry =7 6 o 4
10 10 10 10~ 10 10— 10

B(AZ' —pv 17)
lines are sensitivities for an assumed reconstruction efficiency of permille, N (c¢) = 550 - 109 (FCC-ee), 65 - 10° (Belle Il, 50 ab™1).
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Summary

e Very little experimentally explored in rare charm decays — lots of
blanks in PDG

e Charm is advantageous because SU(3)-related partners exist:
measure the SM-like CF-decay and use symmetry to obtain the
SM prediction of the SCS, BSM-sensitive mode. Then measure
the SCS decay and test the SM.

Method allows for many tests in radiative charm baryons and
mesons.

e NP sensitivity from null tests in branching ratios ¢ — uvv (GIM)
Upper limits on B(A. — prv) depends on whether LFC, or LFU
holds !

Gudrun Hiller, TU Dortmund, October 2022



Summary

e Angular distributions C3 = 0 kills couplings to axial-vector
lepton currents ¢~,7s¢, hence, unlike in b-decays P, = 0, as
well as A%V (A, — pup) = 0. More observable in full distribution.

e BSM effects in |Ac| = |Au| = 1 can be huge.
e Complementary search to K, B-decays.

e Test cLFC, LFU in A, — pe*u™2, A, — pee vS A, — pup ala Ry.

aUL by Babar at O(107?)
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