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Introduction: Why search indirectly for new interactions?

Standard Mod New interaction
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e Precise predictions in the SM
e Rare phenomena — New interactions can be major contribution
¢ New interactions can have different symmetries from the SM
e Charm, strange and beauty probe complementary couplings

Over-constraining new interaction couplings is crucial to understand their origin
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Search for the rare D° — pt = decays

e Very rare FCNC

GIM mechanism stronger in charm decays _ wE

+
*  Helicity suppression “ a
DO
e Short distance at B ~ 10~18
c I,L7
e Long distance SM: w*

[Burdman et al.]

B(D® — putp=)~27-1075-B(D® = vy) <2.3-10711 {ﬂ\\/u
DO

e Sensitivity to NP: many different models and
complementary to B physics x10°
e.g. tree level contribution for some leptoquark model ossE LHCb T E
proposed for the “B anomalies” o3 et E
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. . Fitted model
e = used as corner stone to constrain couplings for model 02F e D® LK E
.45F '~ Comb.background 4 E|

building
Runl+2 analysis .
e 9 b1 0 142
e Search in D** — DOt decays

e Double normalisation: D° — 7#T7~ and D° — K—nt

Candidates/ ( 0.1 MeV/c?)
°
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https://doi.org/10.1103/PhysRevD.66.014009
https://arxiv.org/abs/2212.11203

Search for the rare D° — pt = decays

e Simultaneous 2-dimensional unbinned fit in 6 search regions:
2 Runs x 3 BDT intervals

o Main background: D** — D°(— 7777 )x T, precisely calibrated

No excess over background

World best upper limit
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B(D° = ptp) <3.1(3.5) x 1072 at 90% (95%) CL
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https://arxiv.org/abs/2212.11203

Search for the rare D*°(2007) — putp~ decays D O (g

¢ No helicity suppression: sensitive to vector
couplings

(€20T) 999 ‘€8 D [ "sAyd -my

complementary to D° — putpu~ Lsof ' e 3
C] Total fit
¢ Electromagnetic decay makes lifetime too ?“” 3 DAl
S E B Sy
short g 00 -~ Combinatorial
*0 +,,— 2 200 3
Search for D*”(2007) — p"p~ in E
BT — 7t D*® decays (B =4.9 x 1073) R LHC
o !

0 .
e Signature: reconstruct BT — 7wt~y B0 O vevi
decays and search for a peak in dimuon mass

o Normalised to Bt — J/¢ K™ decays
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https://arxiv.org/abs/2304.01981

Search for the rare D*(2007) — pu*pu~ decays v (G

o Two-dimensional unbinned fit to the m(7~u* ™) and m(u* ™) distributions

Main background: combinatorial and mis-ID BT — Kt putpu~
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B(D*°(2007) — p"p™) < 2.6(3.4) x 10°° at 90 (95)% CL
World first result on this channel.

*See also a search for B* — pTp~ decays in Bf — 7t uTp~ G. Frau talk and
[LHCb-PAPER-2024-026]
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https://cds.cern.ch/record/2901763/files/?ln=it
https://arxiv.org/abs/2304.01981
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Search for (non-resonant) AT — putu~ decays

e Non-resonant short-distance ¢ — uup B ~ 1078

e ¢, p,n,w intermediate resonances g Eﬁi LHen iz;.:j:ww):
e Analysis using 5.4fb~! at 13 TeV 51:2: AF = pol| Sl
o Normalised to A — p@(up) § o E
¢ No amplitude analysis done 8  stn st st? bt tisbonsid
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R0 LT 0 L AL " S <
' ! \ [ 3 @ region 979.46 < m,+,- < 1059.46
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F. Dettori  /~ 7/15



Search for A} — putp~ decays

Resonant AT — pw (> 7To)and AF — pp (5.60) observed and evidence (3.00) for AF — pn

T T T

~ 3 v T —~
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25 - — Totd fit
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The corresponding branching fractions are determined to be
B(AT — pw) = (9.82 & 1.23 (stat.) £ 0.73 (syst.) £ 2.79 (ext.)) x 1074,
B(AT — pp) = (1.52 £ 0.34 (stat.) & 0.14 (syst.) &+ 0.24 (ext.)) x 1073,
B(AF — pn) = (1.67 £ 0.69 (stat.) + 0.23 (syst.) +0.34 (ext.)) x 1073,

Branching fractions in the considered regions, non-resonant and interferences possibly are
included.

uoryeredaxd Uy - ¢00-7¢0g-HAdVd-ADHT
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Search for (non-resonant) AT — putu~ decays

No evidence for AT — pu™ = decays in the non-resonant regions

)
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B(Af — putp”)
B(AE — pp)B(¢p— ptp~)

Using the values of the branching fractions for A — p¢ and ¢— u ™ decays from
PDG

<0.09 (0.10) at 90% (95%) CL.

uoryeredaxd Uy - ¢00-7¢0g-HAdVd-ADHT

BAS = putp™) <29 (32)x107%  at 90% (95%) CL.
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Search for ¥+ — pu™ ™ decays
The HyperCP anomaly

S+ — putp~ is a very rare FCNC

Short distance SM B ~ O(10~12)
Dominated by long distance contributions:
1.2-1078 < B(Zt = putp~) < 1021078
[Xiao-Gang He et al. - Phys.Rev. D72 (2005) 074003]

[Xiao-Gang He et al. - JHEP 1810 (2018) 040]

Evidence found by the HyperCP experiment
with 3 events in absence of background

Measured branching fraction was:

B(Et — putp~) = (8.6755+£55) 1078
[Phys.Rev.Lett. 94 (2005) 021801]

All the 3 observed signal events have the same
dimuon invariant mass: pointing towards a
Tt — pXO(— pp) decay

with m% =214.3 £ 0.5 MeV

B(St = pXO(= pp)) = (31175 +£5.5) - 1078
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http://arxiv.org/abs/hep-ph/0506067
http://arxiv.org/abs/arXiv:1806.08350
http://arxiv.org/abs/hep-ex/0501014

LHCb Run 1 analysis

e ¥ hyperons in LHCb

= long lifetime and very small pp, but
*  very high production (about 1/10 of minimum bias events)

e LHCb Runl analysis confirmed ¥ — putpu~ (4.10 ) decay but no dimuon
structure

+ Titted signal yield: 10.27352
o Measured branching fraction (2.2795971%) x 1078
B(ET = pXO%(—= pp7)) < 1.4 x 1078 at 90%CL excluding the HyperCP result

Background subtracted distribution
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-049.html

Observation of the 1t — putu~ decay

E

"“\J 1201

% L

Run 2 analysis s 1000

*  Dedicated HLT1 and HLT?2 lines: J eop

10-fold increase in trigger efficiency TK} 60F

[LHCb-PUB-2017-023] :g 40i

¢ Additional increase from luminosity g F
(5.4fb™1) and cross-section o 2 %

NET = ppTp)=279+19

First observation of the ¥ — pu™ ™ decay
Rarest hyperon (possibly rarest baryon) decay every observed

2 it R D R B PR
1150 1200 1250 1300 1350 1400

—
LHCb Preliminary
54fb"
—Data

—Fl;I” model
I putp
... Background

My, [MeVic?]

e Paper in preparation with integrated branching fraction measurement

¢ Possible other measurements: CP violation and forward backward asymmetry

¢00-7¢0c-ANOD-9DOHT
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https://cds.cern.ch/record/2297352?ln=en
https://cds.cern.ch/record/2899907/

Observation of the 1t — putu~ decay

e Search for resonances in the dimuon
invariant mass distribution

¢ No reasonance found, contribution at 214
MeV is negligible
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http://arxiv.org/abs/1806.08350
https://arxiv.org/abs/2404.15268
https://arxiv.org/abs/2404.15268
https://cds.cern.ch/record/2899907/

Conclusion

e LHCD leading results on rare charm decays:

e World best limit on D° — p ™ strongly constraints NP models in their cuf/
couplings

o First limit on D*°(2007) — ™~ complementary on vector currents

e Search for non-resonant A7 — pu™p~ decays and observation of resonant ones

o First observation of ¥ — put ™ compatible with SM
expanding the LHCb program to hyperons
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Other rare charm and strange results

*  Search for K.(S)‘(L) — ptu—ptu~ [Phys. Rev. D 108 (2023) L031102]
Strong constraints on the K9 — ptpu~ branching fraction [Phys. Rev. Lett. 125 (2020) 231801]
% Angular Analysis of D° — gafa~ptu~ and D® —  [Phys. Rev. Lett. 128 (2022) 221801]
K+ K~ u*tu~ Decays and Search for CP Violation
% Searches for 25 rare and forbidden decays of DT and D;r [JHEP06(2021)044]
mesons

>*
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http://arxiv.org/abs/arXiv:2212.04977
http://arxiv.org/abs/arXiv:2001.10354
http://arxiv.org/abs/arXiv:2111.03327
http://arxiv.org/abs/arXiv:2011.00217

Backup slides
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Search for the rare D° — pt = decays

Run 1 - All BDT bins - Each cut in the signal reglons of the other variable.
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https://arxiv.org/abs/2212.11203

Search for the rare D° — pt = decays

Run 2 - All BDT bins - Each cut in the s1gnal reglon of the other variable.
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https://arxiv.org/abs/2212.11203

Search for the rare D° — pt = decays

Run 1 All BDT bins - All data.
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Search for the rare D° — pt = decays

Run 2 All BDT bins - All data. g
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Search for the rare D° — it~ decays 6@ G i
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Search for the rare D° — pt = decays
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Search for the rare D° — it~ decays
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Search for the rare D*(2007) — pu*pu~ decays v (G
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Search for Af — putp~ decays B o sk

=
jus)
Q
v
g
%] 1 T T T T T ;>
] )
d + Observed | =
0.8 — Expected — ;-::
] S
+lo ] N
0.6~ -0 ] '8
L ] >t
04+ LHCb
i 54fb~1 ]
02 ]
x107

10 20 30 40
B(AS — pu'p”)




Search for A} — putu~ decays

Table: Results of the fit to the putpu~
The significance of the AT — putp

component is also given.

Region Al = puTpu~ Af —prTr~  Combinatorial  Significance
yield yield yield AF = putu~
signal 18 + 10 3+7 681 + 28 2.00
low-m 1+5 4+4 241 +17 0.30
high-m 21+8 444 432 +22 2.8¢0
n 12+5 22+1.6 84 + 10 3.00
P 43+ 10 20+ 6 382+ 22 5.60
w 81+10 48+2.1 101+ 11 > 7o
) 423 + 22 3.8+24 173+ 15 > To

invariant-mass distribution for various my, regions.

Table: Summary of systematic uncertainties for the signal regions and for the 7, p and w

resonant regions.

Uncertainty source [%] signal low-m high-m n P w
Normalisation channel 5.3 5.3 5.3 5.3 5.3 5.3
Efficiency ratio (stat.) 5.7 8.2 6.8 12.9 5.3 4.6
Efficiency ratio (syst.) 1.7 1.7 1.7 1.7 1.7 1.7
Shape of signal 1.6 3.4 1.1 0.6 1.7 1.2
Shape of A7 — prn~ 0.1 3.2 0.2 0.4 5.3 1.2
Shape of combinatorial 0.1 0.3 0.2 0.1 0.0 0.0
AF = prta~ decay model 0.1 0.1 0.1 0.1 0.1 0.1
Fit bias 0.1 0.1 0.2 0.3 0.1 0.1
Total 8.1 11.0 8.9 14.1 9.5 7.4
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Observation of the 1t — putu~ decay
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https://cds.cern.ch/record/2899907/

Observation of the 1+ — pu*u~ decay 6 o gl
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https://cds.cern.ch/record/2899907/

Observation of the ¥ — pu™ ™~ decay
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https://cds.cern.ch/record/2899907/

LHCb experiment
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e pp collisions at /s = 7,8,13 TeV
e 3(6) fb™! in Run 1 (Run 2)

¢ Dedicated to b- and c-hadrons physics
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http://cds.cern.ch/record/1978280?ln=en

Setting the (long) stage 6 v sl
Reconstruction and trigger of strange hadrons in LHCb Run 1-2

g HCAL . .
sPh - ws MM e About 50% lifetime
o < 2
S oy DO ML acceptance for Kg and
hyperons

¢ Different reconstruction
methods for the daughter
tracks

e Efficiency limited by hardware
trigger
*  LHCb trigger designed for
heavy flavours
*  Muon (hadron) LO trigger
require pt > [1 — 5]GeV
* Too hard for primary
=< strange hadrons

et

Arbitrary units

e Software trigger highly
customisable:
dedicated lines already in 2012

e Since 2016 dedicate software
reconstruction for soft muons

12
Lim]
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