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Charm physics is exceptional

© Unique window to explore FCNCs in the up-sector!
@ Non-perturbative dynamics — “Null tests” observables O £+ 6 O

Bird’s-eye view of the playground:!
o SM symmetries: Ogp = 0.
e Small uncertainties: Osnm > 6 Osw.
o Large hadronic effects to enhance small NP contributions.
e Sensitive to specific NP.

@ Very efficient GIM mechanism: }~; \; = 0 with \; = V;V,;.
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Formidable place to search for BSM physics!
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Rare charm dineutrino modes ¢ — uvv

e ¢ — uvi are GIM-suppressed in the SM:2

Any observation would cleanly signal NP!

o Well-suited for et e~ —colliders such as Belle II.

@ What is the new physics reach?

* fragmentation fractions f(c — h¢), 1500.01061 he  flc — he) N(hc)petle
0 10
. . 1 D 0.59 8-10
* Luminosity 50ab™ ", D+ 024 3. 1010
+ 10
* N(cc = 65 - 109, Abada:2019lih D; 0.10 1-10
( )Belle 1 1 /\C+ 0.06 8. 10°

* N(he) = 2f(c — he) N(cg).

2 hep-ph/0112235, 0908.1174
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Experimental projections: 8B versus B

SM contribution can’t be seen in plot, it is well below 1010

Any signal is NP: model independently LQs, Z’,...
0B(he = Fvo)=1/y/NF® with NZ® = neg N(he) B(he — Fv ).
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If no loss of information, Belle Il can reach BRs ~ 10101

o B3 (D® — Fup) ~ 310" and 3-10-8!
o B3 (Dt — Fui) ~8-10710 and 8. 108!
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Are there any model-independent upper limits?

? =
couttl——[couvp

@ Low energy Hefr for [Ac| = |Au| = 1 dineutrino transitions:

c—UuvD; 4G i i A
MU= ——Fﬁ(c“JQ +CQE) + he.,

Qg (R) = (T (ryvuCL (rRy) (FjLy"viL), Only two operators (no RH neutrinos like SM)

@ Low energy Hefr for |[Ac| = |Au| = 1 dileptonic transitions:

/ 4 GF o / ot
vt = ——Z — <ICU” oL 1 KU o ) ¥ he.,

V2 41
Ofi(/n,) = (U1 (ryVuCL(r)) ({}7"(,), Further operators non-connected
@ Dineutrino BR is obtained via an incoherent neutrino flavor sum:
B(c— uvv) = ZB(C — uvivj) = x = Z (|C£Jij]2 + |Cgij|2>
ij ij
Is it possible to translate x in terms of KC? (¢ and K in the mass basis)
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Correlate neutrinos and charged leptons with SU(2)

© SU(2); x U(1)y—invariant effective theory:3
c )
LE%eFT D Q’YuQ Ly L+ 7Q’m Q Ly* 7oL
C C
g 5 UnU Ly# L+ —DWD Ly"L
e Writing in SU(2)L-C0mp0nentS: (C — dineutrinos and K — dileptons in the gauge basis)
CLU:KLD:CéI)"—Cé), CILL?/:K/_‘?J:C@U,
1 3
P=kl/=cP-c, R=kKkB=cu.

o C,l?j’D = Kg’D holds model independently! But, C,fj’D = KF’U!
@ In terms of mass eigenstates, Q, = (Ura, Vap dig) » Li = (vii, Wi £1k)

Cl=WIKPW+0(0), CE=WKgw,

3 1008.4884
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Connection via “trace identities” in the mass basis

Boc > (1677 +Icg"?) = Trlel ¢/ + cHed]
v=ij
= Tr [KPET+ KRR+ 00 = 37 (IKP7) + [KR77) + o)
(=i

o SU(2) relates up, down neutrinos and charged Ieptons

[} Mass basis: cU = WTICD W+(9 ), CH= WT/CU w
© Unitarity WWT = wiw =1

couttl——|c > uvp|+——|d — s ]

Independent of PMNS matrix and subleading O(\) corrections!
We can predict dineutrino rates for different leptonic flavor structures
ICL & that can be probed with lepton-specific measurements!
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Possible leptonic flavor structures for KJZ,R

i) Lepton-universality (LU).

O O x
o x O
X O O

ii) Charged lepton flavor conservation (cLFC).

kit O 0
0 ko O
0 0 k33
iii) IC'Z’R arbitrary.
kit ki ks
ko1 koo ko3
k31 k32 k33
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Upper limits on dineutrino modes

can probe lepton unversality!

e Bounds on lepton specific WCs for £,/ = e, pu, 7.4

|IC§M| ee up  TT €| er  uT
s—d||KP?[35 1.9 67 20 6.1 6.6
c—ul| |KY¥ 129 16 56 16 47 5.1

72 72 /
© X=3yp (|’CLD% "+ KB ) + O\ =>w R + O())

x =3 R‘" <18, (Lepton Universality)
x =R 4+ R 4+ R™ <103, (charged Lepton Flavor Conservation)
x = R 4 RMM 4 R™™ 4 2 (R + R°™ + RMT) < 375.

LU is fixed by the most stringent bound (muons).

42003.12421, 2002.05684
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Dineutrino branching ratios upper limits

B(he — Fvp) = Af’I:Fx_i_ + AR x | xy = Z |CEU ic,‘?”'f|2 <2x.
ij

N; = nege Bi N(he), N(c€)getie 11 = 65 - 10°, luminosity 50 ab™*

he = F BIg* BFc  B™ MR "/ner  NERE"/nen Nege /e
[107] [1077] [107]  [109] [10°] [10°]
D% — 70 3.2 18 67 0.3 1.4 5.4
Dt — xt 13 74 270 0.4 2.2 8.1
Df — K™ 2.4 14 50 0.02 0.1 0.5
DO — 7070 1.5 9 32 0.1 0.7 2.6
DO — gta— 15 9 31 0.1 0.7 2.5
D° — KtK— 0.02 0.1 0.3 0.002 0.008 0.024
AF = pt 9.7 56 200 0.08 0.4 1.6
S 19 110 400 0.2 0.9 3.2
D% — X, 6.3 36 130 0.5 2.9 10.4
Dt — X, 16 92 330 0.5 2.8 9.9
Df — X, 7.7 44 160 0.08 0.4 1.6
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0B vs B: exp. projections and theo. predictions

Preliminary
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Final remarks

@ ¢ — uvi modes are well-suited for et e~ —colliders.
o Based on the current experimental sensitivities:

Any signal would be a clear sign of NP!

o Novel idea: — —

SU(2),-links between charged leptons and neutrinos!
Allow to probe lepton flavor in two benchmarks: cLFC and LU!
Upper limits for different modes!

@ The experimental study of these modes could shed some light
on the leptonic flavor structure (persistent in B-decays)!

e~ utt]e——/[c > uvp| ——[d > ste|

Thank you for your attention!
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BACKUP
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Experimental projections for D and A}
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Correlations between different dineutrino modes

@ The excellent complementarity between different dineutrino
modes provides a formidable environment for NP searches!

B(he — Fuvi) = AlF x, + A"F x_,

o Correlations test the completeness of EFT:

B(he — Fv ) = r"F B(D — Pup) + r"F B(D' — P\ P,v D)

where rf<F = AReF JADP and rheF — aheF j ADP1P2
o x*—independent! Model independent correlations!
o All dineutrino BRs from two experimental measurements.

@ Measurements of a priori disconnected modes could provide
hints on missing information in the EFT, i.e. light fields.
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