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* Rare charm decays @ LHCDb
» Rare strange decays @ LHCDb
« Summary & prospects
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Run 2: ~ 6_fb_1 of pp collisions at /s = 13 TeV
a(pp — QRX) < /s = 4x b- and c-hadrons in Run 2

More than 1B of D® — K-+ events reconstructed with full LHCb data sample
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Summary of charm decays

Charm provide a unique environment for

BFs expected in SM
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testing the SM rare/forbidden decays and searching for NP

_ Complementary information to B and K
Cabibbo favor sectors with down-type quarks

Single Cabibbo suppressed
Doubly Cabibbo suppressed

Radiative decays

Long distance:
Vector meson Dominance (SM)

Short distance FCNC (SM+NP)

(NP)
Forbidden decays: LNV. LFV. BNV

DO—KY%/dy/wy/py
D*g—K™*y/pty

D% —>yy/VV'(I*1-)/ hV(I*1-) hh*V(I*1)

D%*—yyINI*-/hI*I-/hh'I*1-
D> ptu-lete-

D—(hh)utut/(hh)etet
D—(h)ute~
D—(h)pe—

Rare decays



Flavor Changing Neutral Currents

* Forbidden at tree level in SM, only allowed

in loop and box diagrams H 5‘(
» Strongly suppressed due to GIM cancellation: - - o e W
« BF ~O(107) < X <
box diagram penguin diagram
« D — X¢{*¢~ dominated by Long-Distance
contributions = 10 ——— 5711‘7
* Vector Meson dominance (VMD) ¢ % 05— roooa, 64 | —
« BF ~O(10°) = 1077
. — = 107
* NoVMD in D — Xvv '}?“’“‘F‘_ﬁh vl
-_va 13 ] - = 7\\\
gl()l() D —’i" o 2\)’



Lepton Flavor Violation

* LFV exists in neutrino oscillation
 Observation of charged LFV (cLFV) decays (A S S

will be a clear sign for NP - E———3 e
 Lepton flavor non-universality closely related T
to CLFV 1.0 < g% < 6.0 GeV~/c?
* LHCb recently reported 3.1¢0 tension with SM in oo | R
b—stte PR S S
0.5 | 115

Ry

[Nature Phys. 18 (2022) 3, 277]

« BSM models (lepto-quark, Z', etc.) may induce ) LQ )
cLFV and enhance BF up to O(10~) C— \ \ il
AN




Lepton Number Violation

* Lepton Number Violation (AL # 0) is forbidden in
SM

* Neutrino oscillation — m,, # 0 — New Physics
needed to explain mass origin

* Nature of neutrino: Dirac or Majorana (v,)?

* Majorana neutrino can lead to AL =2 LNV
processes

* LNV is introduced in many NP models:

« 4" quark generation, SO(10) SUSY GUT, exotic Higgs,

etc.

* LNV processes have been widely searched for in
7, K, D, and B decays
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Results on rare charm decays
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Candidates/(2 MeV

Search for D( )

« 25 decays
LFV & LNV included
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¢+ ¢)* decays
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* Normalized with D ) = oXCA ¥ el
* Analysis based on 2016 dataset (1.7 fb")
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Search for DF

(5)

JHEP 06 (2021) 44

— h=¢+¢)* decays

- No signal observed, BF limits are set down to @(107°)

« Results improve the prior world's best by up to a factor of 500
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PRL 128 (2022) 221801

CPV and angular analysis in D° — hhutu~

» Rarest charm meson decays observed, e T— T
dominated by resonant contributions 8001 o /N o
BD° - gt uTuT) ~9.6x 1077 EEE_ % mDorror
0 - - 1 = -
BD° - KK u*tu~)~1.5x10 :
. . . E " HE
« First full angular analysis with 9 fb™’ .
data S 10o0p 1
« DY selected from flavor specific D** — S I N gl

D0ﬂ+ = : ---Comb. backg.
I]_ : : 2 + '

0 o=+ - Kt 1850 e
N(D — T T U U ) 3500 pet m(btirutu) [MeV/ic?]

IP~0
ND? - KK putu™) ~ 300 Pv’_b .




PRL 128 (2022) 221801

Differential decay rate in DY — hhu* u
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PRL 128 (2022) 221801

Flavor-averaged observables (S;)

® Shown examples: SM null tests (Ss ¢ 7) [(Ss) ~ Apg]
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CP asymmetries ( A;)

® Shown: (Ag) [(Ag) ~ Arpl, (Ag) [triple-product-asym.] & Agp
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I'(D° - hth ptp™) —T(D° — hth—utyu™)

Acp =

D(D° — hth=ptp~) + T(D° — hth=—ptu~)

From D. Mitzel's talk @ 11™" workshop on "Implications
of LHCb measurements and future prospects”
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® overall agreement wrt. to SM hypothesis
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Search for DY — u* -

» Short-distance contribution from ¢ — uf¢
(FCNC) highly suppressed: Br~10-'°

 Long-distance from a two-photon intermediate

state: Br< 1013
« Dataset: full Runs1+2 9 fb™’
« DY candidates from D*t— DVr*

« Normalization channels: DY— K—nt, it~
 BDT trained to suppress combinatorial

backgrounds

Candidates / ( 0.1 MeV/¢?)

arXiv:2212.11203
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Search for D — pu* u~: results

arXiv:2212.11203

S 0F T T e
X —
- Peaking backgrounds from D% » hrt 219 sscmoreis oS
are carefully calibrated using MC & >
control samples g
» Km: uu mass sideband § % i b

* TUTL: DZ;) — it decays

» Final yield: N(DY — pu) =79 + 45

« Upper limits are set:
B(D°— p~ 1) < 3.1(3.5) x 107 at 90 (95)% CL

A factor of 2 improvement!

A L N e e b e
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02f
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arXiv:2304.01981

§ 12

* Leptonic D* decays offer a complementary =2 !

approach to constraining Wilson coefficients & «;

. . 8 4p
* Highly suppressed in SM: BF ~10-"® =: _
. . % 0 :"_"TZTZ R AR ff::'f::_:‘f'_'._".'Z".Z'.";".'_'."_'f'_'".i' Z"Z’f:"@
« Search in the decay chain of B~ — Y S i S S ‘
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D*O(_) ‘Ll+lLl_)7-C_ m(utu) [MeV/c?]
S - EI O THCH Io'Da{a IIIII _E
- Normalization channel: B~ — J/(— u*u )K= 3 55 s mm 03
7o B 4R 1 1 (O — B — muu =
 First search: EJjpK- | ED*0n- 1.21+0.03 § 1(; 4 ma S I e
N i~ (2316 + 8) x 10° ;T 6| 1 [
§ 4F

B(D* = putp™) < 2.6 x 1078 at 90% CL  § op Hr—t——Ht 1

) -
5200 5400 5600 5800 6000
m(m ) [MeV/c?]



Search for K%—) utus

* Expected:
.E'.'{I‘LL —r U }!! :lc.,j.LI = [Fh} F[}. h{][ D +1).1 ]ﬂan} A ].':.-]_IE'WII

* Sensitive to NP contributions =
* Dedicated software trigger in Run2 -
» Normalized to K¢— mt* 7 subi

Combinatorial
— Total

« Combined results from Runs1-2:
B(KQ — ptu~) < 2.1 x 10710 at 90% CL

& .
.
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u, et J;.-W-N >
£
i
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480 500 520

PRL 125, 231801 (2020)

g W 7.

()_l d 1-2'
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arXiv:2212.04977

Search for Kg |\ — pup~ptu™ o=

» Expected: § 2
B(KS = ptp ptp )sm ~ (1-4) x 107 ‘-515'
B(KY — ptp ptp )sm ~ (4-9) x 1075, " m || MHIH ‘ H H || H H H ||t

* LHCb acceptance for Kg ~0.2% of K(S) §E§Lg4 eI

- Normalized to K0— r* 7 o :

* No events found in the signal mass window gj (T8

* ULs @ 90% CL using 5.1 fb"' Run2: \ |
By~ gt ar Y- 54 % 1074, 0; _____ AL H

() e A ) —0 450 500 550 l600
BUKr—3 p'p it Yoz 2.3 % 1077, my, IMeV/e



PRL 120, 221803 (2018)

Search for X — pu™u~ 3 @ 7,5 TeV

I\/Ie:asuredB(ZfJr - putu) = (2. Zigjgfﬁ’)x 1079

1 ' L L 1 L A L L L 1 1 ' L L | L 1 1 1=
220 230 240 250 260

N§ 2 7 ® Data, — = I - T S N [
2 C:{S’ 8 % o puty” LHCb -
g ] L 7E e Data _;
« As — d FCNC process, LD contribution dominated £ "H‘ s 6 —tmd
2 g o | o el
* Evidence from HyperCP [PRL 94 021801 (2005)]: N ad /j L | g ab ol i
B+ - putu~) = (86188 +55) x 1078 /2’2‘&u“(§n’95v;02}2‘?'5 . l Ju |l { ! { { J.u
* Three candidates found with m 0 =214.3 + 0.5 MeV ] SEHHHH R LI el
1200 1300 1400
* LHCb uses XV — pr¥(yy) as norm channel My [MeV/c?]
Nyt ppo = (1171 £ 9)x103 L o e |
> F —— I putu” PS Model
Observed X" — pu*u~ candidates evaluated by fitting Myt < I
" +3 3
N+ ot (10 543 °
:

. No significant peak found in the dimuon invariant mass distribution
B(zt - pX(> utu™)) < 1.4x107% at 90% CL . |
HyperCP result excluded Run 2 analysis ongoing 21



LHCDb prospects for rare charm decays

Mode Upgrade (50fb™") | Upgrade Il (300fb™")
B 5 gt 4.2 x 10~ 13852 1"
DY > atutu 108 3w 1072
Df — Ktutu~ 10° 3107
N — pup 1.1 x 10~ 4.4 x 1077
D° — eu 10— 11 x107"
Mode Upgrade (50 fb_l) Upgrade Il (300 fb_l)
Dt - ntutp™ 0.2% 0.08%
DY = ntn—putu~ 1% 0.4%
D - K—7ntutpu~ 0.3% 0.13%
DY —» Ktr—utp™ 12% 5%
DY - KK ptpu~ 4% 1.7%
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Prospects for measurements

with strange hadrons at LHCDb
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Figure 1: Multiplicity of particles
produced in a single pp interaction
at /s = 13 TeV within LHCb ac-

ceptance.
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Summary

* Thanks to overwhelming statistics & superb detector performance,
LHCb has been dominating the searches for rare charm &strange
decays into all-track final states

« Still great potentials to be explored, e.q. B e
* Di-electron channels
 Radiative charm decays & K
Semileptonic charm decays 2f "
- Decays of D, from B p .

« Expectation of improved ULs or observations
in the Run3 era and beyond!



