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Introduction: production

: Average particles in LHCb acceptance
e Huge strange hadrons production por minimum bias event

cross-section at LHCb at /s = 13 TeV
10%

e Production of particles in a minimum Alves et al. JHEP05(2019)048
!
bias event within the geometric N
acceptance (400 mrad)

10"
¢ About 1 strange hadron per event K+

(compared to ~ 1073 B? mesons) KOKD
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¢ Reconstruction and trigger however o
bring this number down
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Introduction: setting the (long) stage

Reconstruction

) HCAL . .
SPhIPs ws M4 M e Large lifetimes for LHCb...

Magnet e M 2 5 but the peak of an
exponential is at zero!

¢ Different reconstruction
methods for the daughter
tracks
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LHCb Run 1 data-taking

LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

< U I

LO Hardware Trigger : 1 MHz
readout, high Er/Pt signatures

450 kHz 400 kHz 150 kHz

h* H/pp e/y

~ > <>

Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

selection algorithms

< U I

5 kHz (0.3 GB/s) to storage
2 kHz ZlkHz 1 kHz

" Inclusive/
Inclusivi s Muon an
clusive Exclusive Honjand

Topological ] Charm | DiMuon
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LHCb trigger designed for heavy flavours
Muon (hadron) LO trigger require

pr > [1 — 5]GeV

Too hard for primary strange hadrons
HIt1l and HIt2 are software and customizable

No dedicated triggers in 2011, added a
K% — pTp dedicated trigger in 2012

Several generic (topological) triggers allowed
good efficiencies

Typical events contain more than one
strange hadron

= Strange physics Run 1 analyses mostly
based on data triggered by the rest of the
event (TIS)
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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 is:

B(Et — putp~) = (8.6755 +£5.5) 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
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http://arxiv.org/abs/hep-ex/0501014

Search for ¥ — pu™p~ at LHCb

General analysis strategy and calibration

Sample and selection:
+ Search with 3 fb~" (full Run 1)

4208} Universita 1
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e Prompt decays (no displacement of the dimuon pair)

e Soft pre-selection 4+ cut on BDT and PID to remove most of the background

e Explicit veto of A — pm background, no other peaking background contributes
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Calibrate BDT shape with K™ — 777~ 7% decays in data
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-049.html

Search for ¥+ — putpu~ at LHCb L O
Normalisation

e No fully charged final state available in the ¥ to normalize
o Use high branching fraction % — pr® (B = (51.57 £ 0.30)% )

+ 0
B(EJr*)p/LJF,LLi) Es+ pn0 B(E —>p7'l')

N. -
St —putp
EZ+—>PH+H_ NE+—>p7r0

= X Nyt yputp-

o Selection for T — pr® with 7° — ~y (resolved clusters) from calorimeter
For full Run 1 dataset, single event sensitivity a = (2.2 +1.2) x 107°
Correspondent to 23 4+ 20 expected events with a SM BR
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Search for ¥ — pu™p~ at LHCb
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¢ Excess of events w.r.t. background with a significance of 4.1 o

o TFitted signal yield: 10.2F g g
¢ Measured branching fraction (2.2 fg 2 1 5) x 1078

¢ No significant peak found in the dimuon mass:

B(ET = pX%(— ptp™)) < 1.4 x 1078 at 90%CL excluding the HyperCP result
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LHCb Run 2 data-taking Universits (it (6
e Improved farm and algorithms: higher bandwidth

Real time calibration between Hlt1 and HIt2

LHCb 2015 Trigger Diagram

40 MHz bun ossing rate
Factor 2 in cross-section from /s

L]
: : : e LO still limiting factor for strange physics

LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures

Software improvements for strange

e Complement forward tracking for very soft muons
450 kHz 400 kHz 150 kHz implemented

€20-L102-dNd-9DOHT

e New HItl inclusive lines developed with focus on
strange physics

e  Various novel HIt2 inclusive and exclusive lines
Partial event reconstruction, select ] written, dedicated to strange
displaced tracks/vertices and dimuons —

P / More than 6 fb~! on tape

LHCb Gumulative Integrated Recorded Luminosity in pp, 2010-2018
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Search for K — ptp~ decays @ Do G il

JHEP11(2011)002] [Bobeth, Buras - JHEP02(2018)101]

=

o Before LHCh: B(K2 — ptp) <3.1-1077 s A
at 90% CL at CERN PS in 1973

[S. Gjesdal et al. PLB44(1973)217]

IS
=
+

° KI(_), — .U‘+IJ’_ is the “father” Of ﬂavour . XI[glkzjobanova et al. JHEP05(2018)024] E
physics: charm quark and GIM mechanism Aty >0 ) A
* Al <0 lon
o K% — pTp~ in addition suppressed by CPV ~ il g
. . 3
e SM prediction 2w %
B(K$ — ptp™) = (5.18+£1.50£0.02)-107"% I » =2
[Ecker, Pich - Nucl Phys B366 (1991)] R0 '8
[Isidori, Unterdorfer - JHEP 01 (2004) 009] 5 G
[D’ambrosio, Kitahara - PRL 119(2018)02] of p p : o ux“rqc'ohj
. . . . 0-0 tu-
¢ Dominated by long distance contributions PKE= kTR *
.- S w
e Sensitive to NP, e.g. MSSM, leptoquarks d s
[Chobanova et al. JHEP05(2018)024] [Dorsner et al. KO g
E.
+
@
9
+
o
=
j=s]
=

¢ Recent theoretical interest following LHCb KO
results: possibility to study the interference
of K and KY to two muons

[D’ambrosio, Kitahara - PRL 119(2018)02]
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Search for Kg — ptp~ decays with LHCb Run 2

LHCb Run 2 analysis
5.6 tb~! from 2016-2018

¢ Dedicated software trigger used:
efficiency improved by about 1 order

of magnitude [LuCb-PUB-2017-023]

+

Backgrounds: K% — 777~ misID,

interactions

e =90%)

VELO material

efficiency

Candidates/ (1 MeV/c?)
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Search for Kg — ptp~ decays with LHCb Run 2

Analysis performed in

Two trigger categories: xTOS and TIS
Ten BDT bins for each trigger category
K — ptp~ component constrained to

expectation from measured branching
fraction

Final upper limit (Run 142) at 90 (95) CL
B(KS — ptp) <2.1(24) x 1071

B(K% — pTp™) =097 x1071°
Compatible at 1.40 with background only
and 1.30 with SM

Improved previous LHCb result by a factor
4 and and three orders of magnitude w.r.t.
previous experiments

Candidates/(1.0 MeV/c?)

Candidates/(1.0 MeV/c?)
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LHCb Upgrade data-taking

LHCb Upgrade Trigger Diagram
30 MHz inelastic event rate
(full rate event building)

:Software High Level Trigger

[ Full event reconstruction, inclusive and ]
e S

xclusive kinematic/geometric selection

L

Buffer events to disk, perform online

detector calibration and alignment

: ho4 :

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

\ J

Lr 3 )

L]

L]
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Upgraded detector for 40 MHz full readout
L£=2x103cm %s7!

= about 5 fb~! per year

L0 hardware trigger is removed from Run 3

HIt1 run directly on collision data

Fundamental step forward for strange
physics!
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Future Upgrades
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K9 — utu~ prospects
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Sensitivity to Kg* — 70ty @ o OB i

o K? — 7%t~ very sensitive to physics beyond the SM,
e.g. extra-dimensions (M. Bauer et al. JHEP 09(2010)017)]

e SM prediction with large uncertainty
Bsm (K — 7% pu™) ={1.440.3,09+02} x 107!

o Limited by knowledge of ChPT parameter |as| extracted from K% — n%u*p~
branching fraction

o B(K%— nuTp™) = (29715 4 0.2) x 107° measured by NA48 Collaboration
[J.R. Batley et al. PLB599 (2011) 197]

e Studied sensitivity of LHCDb to this channel in Run 2 and Upgrade scenarios

e LHCDb will be competitive with NA48 for trigger efficiencies of ~ 50% or larger

LT0-9T0C-dNd-90HT

3.0 T 3.0 .
o o PARTIAL channel o o FULL channel

25 K, T ,qu,AF 25 K mout

20 20 \

00 T T T 0.0 + + -
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http://dx.doi.org/10.1007/JHEP09(2010)017
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http://cds.cern.ch/record/2195218?ln=en

With Run 1 conditions expected N = 120

Sensitivity to K2 — nrn ete”

K% — ntn~ete™ is a proxy channel for

K s ete—otem

Sensitivity study at LHCb with MC
€ ~ 0.2%, limited by LO trigger

Candidates

B(KY — ntn ete™) = (4.79+0.15) x 1077

+280
—100

£08) Universita 9
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T T
K = rtn—ete” MC

< . e
Good mass separation €

4 TEeas ppee

LHCb Simulation

910-9102-dNd-9DOHT

400 500 600 700
M(candidate) (MeV/c?)

events per fb~! of 8 TeV data on top
of about 3 - 10% background events. No multivariate selection applied.

Dedicated HIt2 trigger line deployed in Run 2, still limited by HIt1 and LO

Upgrade trigger will improve the efficiency on this and related channels sensibly

In the ideal scenario of ~ 100% w.r.t. offline selection

Newp = 5-10* per fb ™!

Similar efficiencies are expected for the K& — £7¢7¢¢~ rare channels

Single event sensitivities of order 9.6 - 107° per each fb~! in Upgrade conditions
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A glimpse into LHCb possibilities
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¢ Dedicated paper with some of us + theorists to explore future possibilities

e Approximate simulations (validated on published ones) to get sensitivities

¢ Countless channels to be probed

E

>
=
<
o)
2}
o)
+
=)
Channel R er €D or(MeV/c®) op(MeV/c®) R = ratio of :
KS = putu 1 1.0 (1.0) 1.8 (1.8) ~3.0 ~8.0 . <y
KS = ntn™ 1 1 (0.30) 1.9 (0.91) ~25 ~7.0 productlon %
K — nutp 1 0.93 (0.93) 1.5 (1.5) ~35 ~ 45 _ :
KQ = yutp~ 1 0.85 (0.85) 1.4 (1.4) ~ 60 ~ 60 € = ratio of o]
KS — prpmptp” 1 0.37 (0.37) L1 (L1) ~ 10 ~60 efficiencies S
e ~1 2.7 (2.7) x107%  0.014 (0.014) ~3.0 ~ 7.0 —~
- rtatr ~2 9.0 (0.75) x10™* 41 (8.6) x107* ~1.0 ~ 4.0 8
—rtutu ~2 6.3 (2.3) x1073 0.030 (0.014) ~15 ~45 =
e ~0.13 0.28 (0.28) 0.64 (0.64) ~1.0 ~3.0 L
~0.45 0.41 (0.075) 1.3 (0.39) ~15 ~ 5.0 o
A= puvy ~0.45 0.32 (0.31) 0.88 (0.86) - - &
— A"y ~0.04 39 (5.7) x1072 0.27 (0.09) - -
0w, ~0.03 24 (4.9) x107* 0.21 (0.068) - -
—prw ~0.03 0.41(0.05) 0.94 (0.20) ~3.0 ~9.0
~0.03 1.0 (0.48) 2.0 (1.3) ~5.0 ~ 10
Q" — A ~0.001 95 (6.7) x1073 0.32 (0.10) ~ 7.0 ~ 20
Channel R €L €D oL (MeV/c?)  op(MeV/c?)
K snimele 1 1.0 (0.18) 2.83 (1.1) ~2.0 ~ 10
KQ = ptuete 1 1.18 (0.48) 2.93 (1.4) ~ 2.0 ~11
KT —»rateme® ~2 0.04 (0.01) 0.17 (0.06) ~ 3.0 ~13
£t — pete” ~0.13 176 (0.56) 3.2 (1.3) ~3.5 ~11
A—prete” ~045 <22x107% ~17(<22) x107* - -
Channel R €L [35) gr.(MeV/c?)  ap(MeV/c?)
KJ = pFe 1 1.0 (0.84) 1.5 (1.3) ~3.0 ~8.0
K — pte” 1 3.1(2.6) x107® 13 (11) x107* ~3.0 ~ 7.0
Kt s atpte™ ~2 3.1(1.1) x107* 16 (8.5)x107* ~2.0 ~ 8.0
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Prospects for charged kaons P

WEIGHTED AVERAGE
493.677+0.013 (Ertor scaled by 2.4)

e  Enormous K1 production but small acceptance
e Run1lhas 1M Kt — rtx—xt fully TIS

e Measurement of the charged kaon mass is under
way to solve long standing disagreement:

Values above of weighted average, error,
and scalo factor are based upon the data in

this idsogram only. They are not neces-
sarlly the same s our ‘best values,
obtained from a least-squares constrained fit
utiizing measurements of other (related)
quantities as addtional information.
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. £:0a) Universita 1
Summary and conclusions G Trinh OR ise

o LHCbH expanding its physics reach towards strange physics
complementary to the core program

«  Encouraging Run 1-2 results on K3 — ptp~ and ST — putp~
« Large samples available already on tape
fully exploiting existing data
« LHCb major player for Kg and hyperons rare decays
« Complementary to KE and Kt dedicated experiments
«  Run 2 giving new results with improved trigger

o Upgrade trigger will allow unprecedented sensitivities on many
channels
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o Search for the CP-violating strong decays 7 — 777~ and 7/ — 7T~ [LEHCH-PAPER-2016-046] [hep-ex/1610.08666] [Physics Letters B 764 (2017) 233-240]
e Search for the rare decay Kg — /ﬁ;f [LHCb-PAPER-2012-023] [hep-ex/1209.4029] [JHEP 01 (2013) 090]
Public notes
¢ Physics case for an LHCb Upgrade II (LucE-PUB-2015-009)(arXiv/1808.08865]
¢ Low pr dimuon triggers at LHCb in Run 2 [Lucb-pus-2017-023)
«  Sensitivity of LHCb and its upgrade in the measurement of B(K§ — 7°u" ™) wucn-run-2016.017]
Feasibility study of K& — 77 ete™ at LHCD (Lucb-pus-2016-016)

Others

e Alves A. A. et al. “Prospects for Measurements with Strange Hadrons at LHCb” (sueros(2019)045]

¢ Borsato et al. “The strange side of LHCD” (phys. Rev. D 99, 055017 (2019)]
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Search for Kg — pTp~ decays
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A quick word on hyperons

LHCb can probe different hyperons and decays

e 3*: Besides the ©7 — pu™p~, LHCD could improve the ¥ — py and try to
access the 7 — peTe™ decay
e A
*  LHCb could improve the A — pmy branching fraction and try to access
A — prete”
*  Large number of BNV / LFV decays constrained by the CLAS collaboration
[CLAS PRD.92.072002] could be also tested and improved

870(6102)SOdTHL 'T& 90 SoATY

e For higher S number baryons LHCb could test AS = 2 processes, such as
=20 — pr and Q — A7 improving limits by orders of magnitude
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KO — o0t

o KO ¢ ¢T¢ short distance sensitive to NP | dominated by the long distance
contribution uncertainty
o Interference of A(Kg% — £T¢7£T¢7) and A(K} — £14747¢7) would give a
measurement of the sign of A(K{ — ) which is a stringent test of CKM
[D’Ambrosio et al - EPJC73(2013)2678] [Isidori, Unterdorfer - JHEP 0401 (2004) 009]
o KP — ¢t¢=¢t¢~ studied by different experiments but no experimental
constraints on K3 modes
B(K% —ete ete™) ~ 10710
BKS — ptp=ete) ~ 10711
B(K$ = ptp~ptp~) ~1071

e Sensitive to NP at same order of SM
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e Tests of lepton flavour violation are always important SM null tests

e Limits on kaon LF'V are stringent but decades old
B(Kp — eTuT) <4.7x107'%  B(Kp — n%euT) < 7.6 x 107!

[E871 PRL81,5734] [KTeV PRL100,131803]
B(KT = ate ut) <1.3x 107" B(KT = ntety™) <52x 10710
[Sher et al. PRD 72, 012005] [Appel et al. PRL85, 2877 ]

o Using B-physics LFU constraints, branching fractions of order 10™'% can be
predicted for Kg LFV decays [Borsato et al. PRD 99, 055017 (2019)]
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