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Introduction: why do we study charm rare decays?

The ¢ — ul™¢~ transitions are heavily suppressed: may allow to observe of New Physics.

> Tree level flavor-changing neutral-current (FCNC) is not in the Standard Model (SM).
» Amplitude A(c — u) depends on CKM elements (A\; = V/;V,;) and loop functions (f;):

Alc — u) = Z Aifi = As <-+.(fb—fd)>
i=d,s,b

and

mechanism extremely suppress the branching fractions and CP d,s,b

asymmetries.
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Introduction: complementary approaches to probe New Physics

- C=05
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=03
SM

We have different strategies to probe New Physics:

> | measure the branching fraction of the decays;

» NP sensitive in the non-resonance region;

. Phys. Rev. D 110, 052007

108

» CP and angular asymmetries (null tests); 1010

AB(A; = ppt ) [dg? [GeV

» NP sensitive in the resonance region;
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LHCb is providing major contributions in the field. i
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Today we discuss the most recent results at LHCb. o
Hiller et al, JHEP09(2021)208
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https://link.springer.com/article/10.1007/JHEP09(2021)208

Search for DY — h™h~ete™ decays

(LHCb-PAPER-2024-047, in preparation)
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Search for D° — hth ete™ decays (LHCb-PAPER-2024-047, in preparation)

0 + _ + _ —e— Data — Fit
D° - n7n e"e Do e Moo
B Patialy reco. backg. - Comb. backg.

» LHCb observed for the first time the 2ty PrefminarrLHCD

D° — 7w~ ete™ in p/w and ¢ dilepton mass regions.

» The current best upper limits on B in other regions
have been established.

» The B in the electron mode is compatible with the
one of the muon mode.

DY = ntr—ete™

Candidates per 17.5 MeV/c?

m(eTe™) region [MeV/c?] B[1077]

Low mass 211-525 < 4.8(5.4)

n 525-565 <23(27)

P Jw 565-950  4.5+1.0+0.7+0.6 At bbb

) 950-1100 3.84+0.7+0.4+0.5 O TS50 8001900 200
High mass > 1100 <20(22) m(D°) [MeV/c]

Total - 133+11+17+18
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Search for D° — hth ete™ decays (LHCb-PAPER-2024-047, in preparation)

D° - KtK ete N ——
B Patialy reco. backg. Comb. backg.
» No evidences with the current precision. ”§ 1ofLowmee) Oy 42y Preliminary '-gf'é?P
» The current best upper limits on the B have been s S-Ull@l 11k 'N% %mmil LH%
established. E 4 HL
B R e 23l
m(eTe”) region [MeV/c]] B [1077] g gzp% ] *
Low mass 211-525 < 1.0(1.1) 2 2 i 1l 4
n 525-565 < 0.4(0.5) © 7800 1500 2000 1800 1900 2000
P/ >565 < 22(2.5) m(D) Mev/c]
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Search for AT —pu™ ™ decays

(Phys. Rev. D 110, 052007)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007

Search for AT —pu*p~ decays (Phys. Rev. D 110, 052007)

Study the resonant and non resonant dimuon regions with LHCb RUN2 (5.4 fb™1).

> Measure the B: No signal evidence in the non-resonant region:
» p, w and 7 resonant regions;

» Search in the non resonant region; @
P> uses the ¢ resonant region as E
normalization. E
g T T " g
E 3 e low-m n P ® P 2 | high-m 3 g
PE ki o o =
SR AT i e

m,,. Mevic » The best upper limits on the 3 has been
established:

B (A% pu'u”) <2.9(32) x 107° at 90%(95%) CL.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007

Search for AT —pu*p~ decays (Phys. Rev. D 110, 052007)

» The B in the resonant regions have been measured:
AL = pp(= ' p7) AL = pw(—= pp7) AL = p(— ™)
> To > 5.60 > 3.00

Candidates/ (5.6 MeV/c?)
Candidates/ (5.6 MeV/c?)
Candidates/ ( 5.6 MeV/c?)

2300 2400
mputpr) [Mev/e?]

2300 2400 7300 2400
m(puyr) [Meviey] m(pupr) [Mev/c?]

B (Af — pp) = (1.52 £ 0.34(stat) + 0.14(syst) & 0.24(ext)) x 1073
B (Af — pw) = (9.82 + 1.23(stat) = 0.73(syst) & 2.79(ext)) x 10~*
B (Af — pw) = (1.67 £ 0.69(stat) =+ 0.23(syst) & 0.34(ext)) x 1073
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007

Search for resonance enhanced asymmetries
on the AT — pu™ ™ channel

(LHCb-PAPER-2024-051, in preparation)

FIRST

:u. R 2 -)/
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How to access the asymmetries (LHCb-PAPER-2024-051, in preparation)

CP asymmetry

We cannot access Acp directly, we only can measure the so called raw-asymmetry (AZ):

PREETERAGE] - (v () =0

> a control sample of A7 — pK? is used to estimate the nuisance asymmetries:
FB asymmetry

raw

ey A —

N (AL) + N (

The Agg is defined with respect to —angle:

N(cos >0)— N(cosd <0)
Afg = y

~ N (cos® > 0)+ N(cosf < 0)

It is also possible to evaluate the relevant combinations:

1 AT AT 1 AT A~
2ArB = > (Al:é + A,:é) AArs = 5 (A,_—é — A,_—é)
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Accepta nce corrections (LHCb-PAPER-2024-051, in preparation)

The detector and the offline selection may have different efficiencies in different regions of
the (mp, cos 6)-phase space.

The distributions at generation level and after the offline selection are compared.

The relative efficiencies in the phase space g os =
are: 06

g

_ fselected (muuycos 9) 0.2 5

€(mpyp,cosf) = £
fgenerated (muu, Ccos 9) 0
-02

and the acceptance weights: -0.4
-06

-08
- %80 1000 1020 1040
m(u*ur) [Mev/c?]
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How to model and fit (LHCb-PAPER-2024-051, in preparation)

A total model to fit the final selected mass distribution has been studied:

frot(m; Niy ooy No ) = Nif(m; [

i=1
The shapes of the different components (.) have been constrained by previous fits on
simulation and data control samples.

Re) F T 3
. . S 300F =
The yields from the total fit are: é - LHCb ~Data ]
% 2°F 54fb™ —Fit
Efficiency-weighted yields S H0F . 1 OAc-puut g
m(utu-)  Signal  Misid. back. Comb. back. & - rreliminary P} gl o
150 —
Gou 34622 5721 437226 § O f -- Comb. backg.
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. ¥ Ve T
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Final null test results! (LHCb-PAPER-2024-051, in preparation)

Finally the values of the null tests:

m(pu”) Ace[%] A, [%] Al %) TArs [%] AAps [%]
Plow -08+62+06 11.7+85+1.1 22+87+14 69+61+1.0 48+6.1+0.8
Bhigh ~14+453406 35+72+09 -03+74+11 164+52+08 1.9+52+0.6
We also combine the two dilepton mass bins:
0.15_ LHCb_1 Preliminary Ac— P _E
Acp = —1.1+4.0+0.5% PRI —
YApg = +3.94 4.0+ 0.6% b T
AApp = 4+3.14+ 4.0+ 0.4% o E
P N E— E
> No significant deviation from the SM are observed. < of ! —i—-—
> At this precision the AZ —putp™ is a competitive 01 E
channel for setting constraints to BSM physics oaf | 3
(Hiller et al, arXiv 2410.00115). & oE i f 3
< F 1
oif
94;0 1000 1020 1040
) Mevic]
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https://arxiv.org/pdf/2410.00115

Conclusions and outlook

Conclusions
> Rare charm decays are a powerful probe to investigate New Physics, complementary to

the beauty-sector.
» LHCb is giving a major contribution in the field:
> DO — hth—ete: first observation in D° — 7t7~eTe™ and world’s best upper limit in
D° —+ KTK~eTe™ decays;
> Ar — putp~: world's best upper limit in non resonant region;
> Ar — putpT: first null test measurement in the ¢-resonant region.

Outlook

» The electron mode will allow future LFU tests.
» AY —putp~ is a powerful channel to probe New Physics.
» LHCb new data, with improved trigger efficiency, will provide higher statistic dataset.

M.Colonna Rare charm decays at LHCb



