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e
Status of flavour physics anomalies (1)
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Several measurements showing discrepancies aw
with respect to SM

[ SM from DHMV
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601
http://arxiv.org/abs/arXiv:1204.3933
http://arxiv.org/abs/arXiv:0904.0770
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Status of flavour physics anomalies (2)

F. Dettori (CERN)

(s

EPJC 75 (2015) 382

¢ All points to the presence W. Altmannshofer et al.
of an additional interaction

e Several global fits to Wilson
coeflicients agree (uttaso et a1 - 1601.03910] 2+
[Bauer et al - PRL116,141802(2016)]

[Crivellin et al - PRL114,151801(2015)]
[Altmannshofer et al - PRD89(2014)095033] .« «

e Possible underestimated
contributions from c¢ loops
[Lyon et al - 1406.0566] [Altmannshofer et al -1503.06199]

[Ciuchini et al - JHEP06(2016)116] -1p

e Possi

is new high mass boson (Z") -2}

Re(C)})
o

ble explanation

e Can be out of reach . s

for direct production at LHC

Angular observables
Branching fractions

¢ Fundamental to be confirmed with
Run II data
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https://arxiv.org/abs/1604.03940
http://arxiv.org/abs/arXiv:1511.01900
http://arxiv.org/abs/arXiv:1501.00993
http://arxiv.org/abs/arXiv:1403.1269
https://arxiv.org/abs/1406.0566
https://arxiv.org/abs/1503.06199
https://arxiv.org/abs/1512.07157

EE—————— F. Dettori (CERN)
Importance of strange physics

e LHC confirmed SM even more:
a light Higgs boson and nothing else up to TeV energies

e Motivations for NP are still there but no clear indication of possible NP
directions

e Need to search for NP in a broad spectrum

¢ Unique role of strange physics

Unique probe of fundamental SM parameters

Extremely suppressed FCNC A(s — d) ~ A% ~ 51074
Largest sensitivity to non-MFV dynamics

Useful probe of very light (weakly coupled) NP dynamics
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https://indico.cern.ch/event/440244/contributions/2274927/attachments/1338535/2014737/Kaon_2016.pdf
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® 1150 members, from 69 institutes in 16
countries

® Dedicated experiment for precision
measurements of CP violation and rare

decays LHCb MC
(5=7TeV

®  Beautiful, charming, strange physics
program

6, [rad] ¥2

e pp collisions at /s = 7,8(13) TeV in

i
Run I (Run II) é(

e bb quark pairs produced correlated i in
the forward region

Luminosity leveled at
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LHCb detector

interaction
point

vertex
locator
trackers

Excellent vertex and IP resolution Muon identification
® o(IP) ~24um at pp = 2 GeV/c ® ey =98%, ex—p = 0.6%, eK sy = 0.3%,
ep—p = 0.3%

® opy ~ 16umin z,y
er

Very good momentum r i
® <, =90% for B decays

®  o(p)/p=0.4% — 0.6%
for p € (0,100) GeV/c
®  o(m) ~ 24(4) MeV for two body B(Kg) decays
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R
Setting the (long) stage

(AL HEAL Ly M ¢ Huge strange hadrons
Magnet e ‘ production cross-section at
== LHCb:
O(1) strange hadron per

minbias event

e Large lifetimes for LHCD...
but the peak of an
exponential is at zero!

Upstream track

’
- “Long track T track

i Pythia ,
Generator level: ;,s
0 Vs =8TeV A

A

TIT2 T3

h
6
Lim]
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B
LHCb Run I data-taking

LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

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

450 kHz 400 kHz 150 kHz

Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
selection algorithms

5 kHz (0.3 GB/s) to storage

2 kHz
Inclusive/

1 kHz
Muon and
DiMuon

2 kHz
Inclusive
Topological

Exclusive
Charm
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LHCD trigger designed for heavy flavours
Muon (hadron) LO trigger require
pr > [1 — 5]GeV

Too hard for primary strange hadrons

Hlt1 and HIt2 are software and customizable

No dedicated triggers in 2011, added a
KQ — pp~ dedicated trigger in 2012

Several generic (topological) triggers allowed
good efficiencies

Typical events contain more than one
strange hadron

= Strange physics Run I analyses mostly
based on data triggered by the rest of the
event

08/11/2016 - CERN 10/48



I F. Dettori (CERN)

TIS events and the TISTOS method %

e Triggered events can be

*  Triggered On the Signal (TOS) - the signal is sufficient to trigger
*  Triggered Independently of the Signal (TIS) - the signal is not necessary to trigger
*  Triggered on both (TOB=!TIS&!TOS)

All events

Triggered events

¢ Events can be TIS and TOS

e Overlap can be used to measure trigger efficiencies

Tolk, S et al. LHCb-PUB-2014-039
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https://cds.cern.ch/record/1701134/

Strange physics at LHCb with Run [
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K()

Search for K§ — pp~ decays

K? — pTp~ is the “father” of flavour physics

F. Dettori (CERN)

motivating the need for charm quark and GIM mechanism

KQ — pTu~ in addition suppressed by CPV
SM prediction B(K — pFp~™) = (5.1 £ 1.5) - 1072

[Ecker, Pich - Nucl Phys B366 (1991)] [Isidori, Unterdorfer - JHEP 01 (2004) 009]

Dominated by long distance contributions

Sensitive to NP, e.g. light scalars with CP-violating Yukawa couplings

_ w*

d——p " n———— it
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http://dx.doi.org/10.1016/0550-3213(91)90056-4
http://arxiv.org/abs/hep-ph/0311084
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

B
Search for K§ — pp~ decays

“ANOOD-90OHT E

o Best limit before LHCb was B(K$ — pTp™) < 3.1-1077 at 90% CL at CERN
PS in 1973 s Gjesdal et al. pLBA4(1973)217]

¢10-910¢2

e In Run I about 10*® K¢ in LHCb acceptance per fb~! of luminosity
40% of which decaying inside the VELO

o Limit obtained by LHCb with 1fb~"! at 7 TeV: B(KS — ptp™) < 9-107° at
90% CL
o Updated analysis with 2fb~* 8 TeV and combined with the first one
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http://dx.doi.org/10.1016/0370-2693(73)90525-X
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

BN F. Dettori (CERN)
Search for K¢ — utu~ decays
S=utp y

Selection strategy

[
“9OHT E

e Search for K§ — ptp~ from two well identified muons

e Common selection of K2 — p*p~ and K§ — ntn~, control and normalisation
channel as well as main background

¢ Armenteros-Podolanski veto for A — pr~ and particle identification against
K* — K and other backgrounds

Trigger strategy

¢10-9102-ANOD

e Three categories based on TIS / TOS information at the different levels

2 F patess | LHCb Preliminary
S 0 mpotess 3
g F T ]
= 10°F 3
o F 3
B F 1
10°E E
A1 ]

Ll

420 440 460 480 500 520
Reconstructed K 2 mass (MeV/c?)
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

I F. Dettori (CERN)
K — ptp

Two multivariate operators to fight different backgrounds

“9OHT E

¢10-9102-ANOD

Dedicated multivariate particle 0.008 —-
identification algorithm developed 0,007 - LHCh Preliminary
. . 0 + - 0.006 -
Trained on Kg — 777w~ and P

Bt — J/yK* reweighted to match
kinematics

0.003
0.002
0.00:

e 21 variables using Muon detector
information and 14 variables related
to RICH information

¢ Fourfold improvement in misID with
respect to previous analysis
BDT to fight combinatorial background

e Trained on KJ — 777w~ data proxy for signal and right data sideband for
background

=2

+

Ttmisid. for 90% . efficiency
o
g

O [T T T T

o

20 40 60 80
Momentum (GeV/c)

¢ Geometric and kinematic variables as input

e Trained separately per trigger category
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

EEN——————————— F. Dettori (CERN)

7

0 —
Kg — php gk
Normalisation
=
s
Q
T
S
e Search performed in bins of BDT and trigger category >
!
S
0 +,7) — 0 + -, &7" N =
BKS — p' ™) = BKS » ) - S - e = aull™ :
=
(]

o NoBias trigger used for K§ — 777~ (of known prescale of ~ 3-1077)
o [Efficiencies from MC but calibrated with data corrections

e Total systematic uncertainty of 4 — 5% on the normalisation depending on the

bin
¢ Final fit performed with different background shapes for an absolute uncertainty
of 4 x 107"
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

EEE———————— F. Dettori (CERN)

0 +,,-
K§ — putp s
Results
=
st
g
o K2 — ptu~ distribution fitted in the [470,600] MeV range &
¢ Simultaneous maximum likelihood fit performed over the 30 bins %
o Combinatorial and misID K3 — 777~ background components included T
[N~}
¢ No excess of events is observed with respect to background g
expectations S
- ‘ ‘ ~ ‘ ‘ ©
‘\1;: 10 TOS, TOS, TOS,,. bin 9 LHCb Pr;l)imirlar}/ % 1 TOS, TOS,TOS,,, bin 10 LHCb Preliminary
F --KS =t E
E r K¢ = mta- E F
:i/ 10k Comb. bkg : 0 ;
3 A
15 3 5 C
LI>.I 1 E LI>.I 1
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

I F. Dettori (CERN)
0 _ Y
Results

e The upper limit of the previous search is reinterpreted as posterior on the
branching fraction and included as prior in this search

e The new upper limit on the branching fraction is

B(KS — pntp™) < 5.8(6.9) x 1072 at 90 (95%) CL

¢10-9102-ANOD-9DOHT E

e Factor 50 improvement with respect to the best limit before LHCb

CL

LHCb Preliminary |

L !
08 5 10 15
B(K2 - ) x10°
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-012.html

»t+

F. Dettori (CERN)

Search for X1 — pu™ ™ decays
Standard Model

¥t — putu” is a very rare FCNC
Short distance SM branching fraction is O(107'?)

Dominated by long distance contributions:
1.6 - 10_8 < B(E+ — py+/L—) <9.0- 10_8 [He et al. - Phys.Rev. D72 (2005) 074003]
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http://arxiv.org/abs/hep-ph/0506067

Events/1 MeV/c?

The HyperCP evidence

An evidence for this decay was found by the
HyperCP experiment with 3 events in absence of
background

Meaiured b{fmching fraciié)g is: .
B(Z" —puTpT) = (8.615 £5.5) 107

[Phys.Rev.Lett. 94 (2005) 021801]

This evidence attracted large attention since all the
3 observed signal events have the same dimuon
invariant mass: pointing towards a

=t = pX9(— pp) decay

with m% = 214.3 £ 0.5 MeV

B(ET = pXO(— pp)) = (3.172% £ 55). 1078

—1.9
HyperCP
o (b)
2 S2 ® Data
(9}
=
n
o
1 a1
c
[
>
w
0 - 0 T T T
220 240 2125 215 2175
M, (MeV/c?) M, , (MeV/c?)
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Events/1 MeV/c?

N
n

1180 1190 1200 1200 1300 1400 1500

(a)

!

HyperCP
|l

. .
1200 1300 1400 1500
My, (MeV/ch)
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http://arxiv.org/abs/hep-ex/0501014

EEN———————— F. Dettori (CERN)

(s

Theoretical interpretations and experimental status

e Several interpretations were proposed
* nght nggS boson [He, Tandean, Valencia, PRL.98.081802 (2007)]

* SgOldStan [Gorbunov, Rubakov PRD 73 035002 | [Demidov, Gorbunov PRD73(2006)035002]

* Many others [He et al - PLB631 (2005) 100] [Geng, Hsiao - PLB632(2006) 215] [Deshpande et al - PLB632 (2006) 212]
[Mangano, Nason - Mod. Phys. Lett. A22 (2007)] [Chen et al - PLB663 (2008) 400] [Xiangdong et al - EPJC55 (2008) 317] [Pospelov - PRD&0 (2009) 095002]
* In general pseudoscalar favoured over scalar and lifetime of order 10~ 14s
e Many experimental searches for low mass resonances in dimuons:
*» CLEO, E391a, DO, BaBar, Belle, KTeV, BESIII
*  Searched also at LHCb in BY — ytp~putp~ and B — K*0utpu—
*  Not confirmed nor disproved

e No other search in ¥ — pu™ ™ decays
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.081802
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.035002
http://arxiv.org/abs/hep-ph/0610066
http://arxiv.org/abs/hep-ph/0509041
http://arxiv.org/abs/hep-ph/0509175
http://arxiv.org/abs/hep-ph/0509081
http://arxiv.org/abs/0704.1719
http://arxiv.org/abs/0708.0937
http://arxiv.org/abs/0712.0257
http://arxiv.org/abs/0811.1030

E—— F. Dettori (CERN)
¥+t — putp~ at LHCb

General analysis strategy

Sample and selection:
o Full 201142012 statistics, luminosity 3 fb~*
o Selections for final states: ©7 — putp~, 2T = putput, =T = paf,
Kt s ate gt

¢ Decays reconstructed with long tracks (i.e. decays in VELO)

€10-9102-ANOD-9DOH'T E

e  Prompt decays
Datasets strategy

e Very soft signal to be triggered
e Two trigger strategies:

1. Full - all events are retained, for search purposes, no normalisation
2. TIS - for normalization purposes (sub sample)

Status and prospects for strange physics at LHCb 08/11/2016 - CERN 23/48


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

E——— F. Dettori (CERN)
¥+t — putp~ at LHCb

General analysis strategy

. Soft pre-selection to reduce dataset
. Cut on BDT and PID to remove most of the background
. Explicit veto of A — pw background, no other peaking background contributes

-910¢-ANOD-9DOH'T E

€10

=W N

. Search for ¥7 — puTp~ decays:

*  Search around ¥ mass window for signal
— If peak is found, look at pp invariant mass

5. Normalize branching fraction to ¥* — pr® decays
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

EE————————— F. Dettori (CERN)

o [MeV/c?

Search for an Hyper-CP like signal %
=
5
. . . . 0
Hyper-CP signal is consistent with ¥t — pX°(— upu), =3
with mxo = 214.3 £ 0.5 MeV 8
Mass resolution in LHCb: %
*  Raises with m - departing from threshold g
. =
Study efficiency versus m,,+,-: =
higher efficiency at small mass due to higher minimum pr E
250 i R‘,eg‘oh‘ltir‘m‘ S ——— g i F“fﬁ(“ie‘ncwv ————————
L LHCb E- I LHCb 1
2~ Simulation j £ o08F Simulation
E st oy 1 5 L STopute
150 [Ty 1 %oel Ty ]
T = 0.4f -
0.5 - 0.2 -
F T S S S S S RN S S R ] 0: T I T S S I SO SR R I S! 1
210 220 230 240 250 210 220 230 240 250
m,.,- [MeVv/c?] m,.,- [Mev/c?]
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

BN F. Dettori (CERN)
Multivariate selection: BDT

“9OHT E

e BDT aiming at rejecting combinatorial background

e Training on signal MC sample and background from data same-sign sidebands 8
+ =+t
(BT = putu’) =
e Common geometric and kinematic variables: pointing, IP, pr and isolations, ...
=
>y F———T—— i
g F o
s L LHCb 2
F107 " Preliminary o
S —
102 E
E L —— 5" p u'p” Simulation 3
1073 ;7 w"‘.w Data sidebands SS 7;
E o * Datasidebands OS 3
10 ? i ’91.09.’!‘&;@ aos E
£ TleliiTed L ks ]
105 “:“"'“ffw ﬁﬁﬁ t E
0°, oy j‘ =
0 0.2 0.4 0.6 0.8 1

BDT
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

EEN—————————— F. Dettori (CERN)

Normalisation %
=
5
e No fully charged final state available in the X% to normalize the branching 7
fraction 8
e Use high branching fraction X% — px® %
R
]
=
(5" = pr¥) z
_ Est+ pn0 B — pT o
BT — put — P N. B 2
( pp ) eot ot Naropo Etometa &
= alNgtputp-

o Selection for ¥ — pr® with 7° — 4 (resolved clusters) from calorimeter
¢ Branching fraction B = (51.57 £ 0.30)%

For full Run I dataset, only TIS:
¢ Single event sensitivity arrs = (1.1 £ 0.6) X 1078

e Correspondent to 4.6 + 4.2 expected events in the TIS sample with a SM
branching fraction
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

EE——— F. Dettori (CERN)
Normalisation with T — pr?

PDG
70

¢ Single Crystal-Ball pdf with right tail for the signal
¢ Modified ARGUS function for the background

e Fit to corrected mass: mx — my o +m

€10-9102-ANOD-9DOH'T E

- T
S - LHCb Fopm
2 50000(—Preliminary
“ F e« Data Ny = (1711 +9) x 10°
;40000 — Full model
o —3.pr®
©
S 30000 Background
2
[
© 20000
10000

0
1100 1150 1200 1250 1300
mgeT [MeV/c?]
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

E———
Normalisation systematics

(CERN)

=
o TIS Trigger efficiency calibrated with large K+ — 777~ 7" sample and TISTOS%
method o
e Reconstruction of the 7° calibrated with ratio of ratio of 8
BT — J/YK*T(— K*7°) and BT — J/¥ K™ decays reconstructed in data. >
e Particle identification calibrated with control channels in data (A — pr~ and 7
[\]
J/0) 3
e BDT classifier calibrated with K™ — 777~ 7" channel in data P
2
. L. w
& E 7 T J  Systematic uncertainties
© 20000 LHCb KL Tt e T = - :
> 18000F.  Preliminary - E Selection Data-MC differences 1.4%
= E N — = Calibration of BDT efficiency 6.4%
p 16000? e Data ® = (9664 2) x 10 = Calibration of PID efficiency 20%
< 14000 —— Full model = Calibration of the 7° efficiency 10%
% 12000 —-K'o m'm 3 Calibration of the TIS efficiency | 30%
3 100001 Background T Total | 43%
@ 8000F -
(] C |
6000F E
4000F =
200 / o\ E
R A L 7
460 480 500 520 540

My o [MeV/c?

Status and prospects for strange physics at LHCb 08/11/2016 - CERN 20/48


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

Candidates / (5 MeV/c?)

Results

]
=
13
=
9

E L ] T T T ]
L .- LHCb ] o r + . LHCb 3
10~ - pIH Preliminary 7 E, sr (b) - P Preliminary E
F « Data 1 2 E « Data B
8- — Full model - 5F — Full model 3
r —-Z.ppy A 8 F —- I puu A
5} Background { g 4? Background E
r 1E s 1
e i S F
? ] el sl Massibhdiafhora AT
S WL T LI T T T
1200 1300 1400 1200 1300 1400
My [MeVic?] LI [MeVic?]

Excess of events w.r.t. background with a significance of 4.0 &

Fitted signal yield: 12.975]

No excess of events in the TIS sub-sample for which normalisation is performed
Upper limit with CLs method: B(X1T — puTp™) < 6.3 x 1078 at 95% CL

GOHT E

F. Dettori (CERN)

€10-910C-ANOD-
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

EE——————— F. Dettori (CERN)

p-value

Results: analysis of the dimuon mass ©) %
o
Consider candidates within 2 ¢ from the 3 mass in the full selection A
(o
Scan dimuon invariant mass for possible peaks A
Fit with gaussian of known mass and resolution %
No significant peak found E
- S
Most pronounced at 213.7 MeV (but not significant) =
]
Fit at mxo = 214.3 MeV yields 1.6 £ 1.9 events corresponding to a fraction 2
0.078 £ 0.092 of the total seen signal «
_ ) myo = 214.3 MeV
= SR (b)‘ ‘ LHCb ‘ E
L 4 ) c reliminary |
0.998]— LHCb 3 = 5 « Data E
= Pre(h?)mary 1 Sk — Fullmodel 7
0.996] B g 4 — - Signal E
E q S F Background 3
0994 - s 80 E
n ] 8 E ]
0.9921 1 2 -
L I
§ 20 20 260 o e s % 260
My [MeV/c?] My Mev/c?]
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-013.html

EEN—————————— F. Dettori (CERN)

Discussion of the results %
=
st
Q
T
Q
©)
Z
H

¢ Found signal only in the full sample: §
most of the seen events have only one of the three trigger layers not being TIS ¢

=

o Full detailed study of 37 — pu™ ™ trigger efficiency is under way >

¢ The main conclusions are anyway independent of absolute normalisation:

1. Evidence of ¥ — pu™ ™ decay
2. SM-like distribution of the dimuon invariant mass
3. Contribution from putative X° particle consistent with zero
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EENN——— F. Dettori (CERN)

(s

LHCb Run II and Upgrade
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LHCb Run IT data-taking

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

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

450 kHz 400 kHz 150 kHz

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

<> > I}

F. Dettori (CERN)

Higher bandwidth from improved farm and
algorithms allows higher yields

Real time calibration between Hlt1 and HIlt2
LO trigger still limiting factor for
strange hadrons

Turbo stream allows high rate channels to
be stored: (et a. scrc20s2016)35)
important for non rare strange physics

Software improvements for strange

Complement forward tracking for very soft
muons implemented

New HIt1 inclusive lines developed with
focus on strange physics

Various novel Hlt2 inclusive and exclusive
lines written, dedicated to strange
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Prospects for strange physics with Run IT data

LHCb Cumulative Integrated Luminosity in pp collisions 2010-2016 A]ready 2 fb—l on tape at \/g =13
5 Run.1L /] TeV

2! /
4 J
* 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.32 /fb
* 2012 (4.0 TeV): 2.08 /fb
° 2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /ib
00— i

2010 2011 2012 2015 2016
Year

N

N

Integrated Luminosity (1/fb)

N
N

e Analysis of ¥7 — puTpu~ with dedicated triggers

*  Probable observation
*  Precise branching fraction measurement
*  Possible differential branching fraction

o K2 — ptpu” see later
¢ Different other rare hyperon decay searches possible (X7 — pete™,
A’ — prete™, LFV, etc)
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but none is observed experimentally

e /< 107! from neutron electric dipole moment (strong CP problem)

Search for CP violating strong decays 77(’) — T %
=

s

Q

7

)

>

-t

e QCD should violate CP symmetry (with a term £y = —64272 IS I | %
S

&

o

=

(=2}

o 17(') — 77w~ would be strong CP violating decays

o nEDM limit constraints SM branching fractions to < 3-1077
any evidence higher than this would be NP

e Best limits at 90% CL
B(n — 7l'+7T7) <1.3-107° (KLOE @ — MY (PLBo0G (2005) 270] )
B(n/ — T 71'7) <5.5-107° (BESIH J/’QZ) — ’y7T+7|'7 [PR,Deq(2011)032006])
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Candidates/ (1 MeV/c?)

Search for CP violating strong decays 1’ — 7w ™

LHCD strategy:
look for peaks in 77 mass from D(t) — mta 7t decays (i.e. D?;) — ")

MVA operator to reduce background
N 1 B(D({;)aﬁwwﬂ

Normalisation: B(n") — ntr~) =
(n ) Np i smtnmrt S B =>mtn()

Constrained D masses and origin vertex improves resolution significantly

IP0-910¢-HHdVd-9DOH'T E

€, small correction to efficiency versus munx
3 fb~! of Run I and 0.3 fb~! of Run II data from Turbo stream

Run II contribution enhanced by larger cross-section and trigger efficiency

12 id.()3 ‘ _ ° ;<103 : .
1000 LHCb E 3 B LHCb E
T 4 = = E
r Runl ] o 300 Run 2 (2015) E
8o ER i o 3
C 3 w = E
600— - S 200 E!
c | 2 £ E
2005 D* D E 8 150 D* D!
~ \ ] 1007~ N — N S
200 S R 50
C I L L | F L L L L
1850 1900 1950 2000 1850 1900 1950 2000
m(rtTeTT) [MeV/c?] m(reTeTT) [MeVi/c?]
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Search for CP violating strong decays ' — 7t %
=
st
2

¢ No excess on top of the background (signal phase space plus combinatorial) -
e Upper limit on branching fractions with CLs method at 90% CL: %
=
By —atr7) <1.6-107° %
_ _ S
By »nTn7)<18-107° =
o
e 7 limit compatible with previous results, ’ limit improved by factor three 5
Fa x10°
g 2 2 ‘
E I E % n' re "i(m%
2 75 = %0 1 reglon
S Sz |
§ 73 § 180
T 520 530 5404_‘_5‘5;0 560 570 580 590 600 610 620 630 920 925 930 935 940 945 950‘ 955 960 ;365 970 975
m(eTr) (Mev/cs m(tTT) [Mev/c
4 & 3
5 2 5 2i+++++ NTETY Mﬁﬂﬂ» H’H\ % Lt Lﬂﬁ;;
- 2 T ki YT 4 3
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Status and prospects for strange physics at LHCb 08/11/2016 - CERN 38/48


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-046.html
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LHCb Upgrade data-taking )

LHCb Upgrade Trigger Diagram o Upgraded detector for 40 MHz full readout

30 MHz inelastic event rate e £ =10%cm 25! = about 5 fb~! per vear
(full rate event building) pery

¢ L0 hardware trigger is removed in Upgrade

e HIt1l run directly on collision data

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

L

Buffer events to disk, perform online

Fundamental step forward for strange
physics!

detector calibration and alignment

O §

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

Lr 1> L1

J

GB/s to storage
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K§ — pTu~ prospects @
1070 .
PLB8A(1973)217
10—7i , Future sensitivity to KJ — utp~
o 8fb ' RunIl- [4-10710,2.1077]
| i 9¢ -1_714.10-12 —10
10-8 [LHCh _ JHEPO1(2013)090 * 23fb-[4-107°5,2-107 ]

e 100 fb~ - [10712,10717]

[LHCb-CONE}2016-012

= 107°F E I
= E g
T ]
< | e Possible change towards higher
7 10 .
value of SM expectation
} e Approach interesting region in
10~
Run IT
SM - JHEP 04 2 e Probe SM in Upgrade
10— -
-
10°"8
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Sensitivity to K§ — m0uTu~ &)

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

LT0-9T0C-dNd-90HT E

e SM prediction with large uncertainty
Bsu(KY — 70 p™) = {1.4+0.3,0.9+ 0.2} x 107

o Limited by knowledge of ChPT parameter |as| extracted from K9 — 7%uTpu~
branching fraction

o B(KS— mutpT) = (29715 £0.2) x 107° measured by NA48 Collaboration

[J.R. Batley et al. PLB599 (2011) 197]
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R
Sensitivity to K§ — m0uTu~

Events/ [2.0 MeV/c?
N W A O @ =N ®©

o 88888888

8

=

Studied sensitivity of LHCb to this channel in Run II and Upgrade scenarios
Difficult reconstruction due to soft 7°

Double strategy: without 7° (Partial) and with 7° reconstructed from ~ pairs

F. Dettori (CERN)

Combinatorial background estimated with real data TIS events

Peaking backgrounds studied with MC: none found to contribute in LHCb
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IR
Sensitivity to K§ — 7utu~

Statistical uncertainty on B(K9S — n°uT ™) as a function of luminosity times

trigger efficiency

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

K§ —iaxut

T
PARTIAL channel

€
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L[fb]
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80 100

[10”]

'sTaT
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KO — 00t

o K% ¢t~ short distance sensitive to NP
e Dominated by the long distance contribution uncertainty

o Interference of A(KS — £7¢7¢7¢7) and A(KY — £747£7¢7) would give a
measurement of the sign of A(KY — ~v) which is a stringent test of CKM

[D’Ambrosio et al - EPJCT3(2013)2678]
o K? 5 ¢t¢=¢t¢~ studied by different experiments
o No experimental constraints on K§ modes
o K four lepton decays very suppressed in SM
B(KS —ete ete™ )~ 10710
B(KS = utp ete ) ~107"
B(KS = ptp~ptp) ~ 107

e Sensitive to NP at same order of SM
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Sensitivity to K — mtreTe™

=
o KQ — ntr~ete™ is normalisation, control é .3 ' . e I E (;)
and background channel for E 0032: .+ ope as 4 : %
KS —ete—ete~ 3 El
E LHCb Simulation Ellos)
e Sensitivity study at LHCb with MC 0% ERS)
simulations e 1=
01f 1o
e Standard selection with four displaced good 0.0sf- =
quality tracks % 500 o &
¢ Particle identification and geometry . - Micandidate) (Mevie)
requirements to suppress the background g oo Moo MO e 3
¢ Both TIS and TOS trigger strategy devised: E o.osf- s Tmeeas pee
€ ~ 0.2%, limited by LO trigger 0_065_ o smuion ]
o B(KS —ntrefe”) = (479£0.15) x 107°  } E
(PDG average) o E
With Run T conditions expected N = 1207755 ok

300 400 500 600 700
M(candidate) (MeV/c?)

events per fb~! of 8 TeV data on top of about
3 - 102 background events. No multivariate
selection applied.
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Sensitivity to K — mtreTe™ o)

e

o

Q

7

T

=

¢ Dedicated HIt2 trigger line deployed in Run II 'g
e Still limited by HIt1 and LO >
]

=

(@]

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

e In the ideal scenario of ~ 100% w.r.t. offline selection
Nezp =5 104 per fb71

o Similar efficiencies are expected for the K3 — £~ ¢T¢~ rare channels

e Single event sensitivities of order 9.6 - 107'° per each fb~! in Upgrade conditions
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Prospects for charged kaons

Enormous K1 production but small

acceptance

Runlhas1 M Kt — nta—xt fully TIS

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

disagreement

With full software trigger

0O(10719) single event sensitivity per

fb~! obtainable

Kt s rtpy—pt and K+ — nte et
with B ~ 10~7 become accessible

Still possible improvements

Use of downstream tracks increasing

decay length acceptance

Use of Kt track in VELO to constrain

partially reconstructed decays

fA. Contu LHCb-PUB-2014-032

Status and prospects for strange physics at LHCb
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WEIGHTED AVERAGE
493.677:0.013 (Error scaled by 2.4)
Values above of weighted average, error,

this ideogram only. They are not neces-
sarily the same as our ‘best values,

utilizing measurements of other (related)
quantities as additional information.

LUM 81 CNTR
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and scale factor are based upon the data in

obtained from a least-squares constrained fit

x
i+ DENISOV 91 CNTR 7.7
GALL. 88 CNTR 136

BARKOV 79 EMUL 01
CHENG 75 CNTR 1.0
BACKENSTO..73  CNTR _ 0.1

224
(Confidence Level = 0.0002)
1

3fb~! Run I - Fully TIS
Hcb ‘ ‘
Preliminary

1600 « Data N ~ 1M
— Full model

1200 —-K'

1000 Background

Candidates / (0.1 MeV/c?)
N
S
3

L it I~ L

460 480 500

54

520 o
My e [MeVic?]

08/11/2016 - CERN

(CERN)

(s

47/48


http://cds.cern.ch/record/1693666?ln=en

B F. Dettori (CERN)
Summary and conclusions &)

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

« Encouraging Run I results on K — ptp~, F — putp~ and
n") = xtn—
« Large samples available already on tape
fully exploiting existing data
« LHCDb major player for Kg and hyperons rare decays
« Complementary to KE and KT dedicated experiments
« Run II giving new results with improved trigger

« Upgrade trigger will allow unprecedented sensitivities on many
channels
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Backup
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Fit to the invariant mass distribution 3

“9OHT E

Q
2
e Signal shape described as Hypatia function used with fixed parameters (only mean and —
resolution floating)* g
*  Resolution and mean calibrated with K+ — 7+ 7~ 7+ Data/MC ratio 5
*  Signal resolution left free to vary in the fit with gaussian constraint in final fits =]
w

e Background described as modified ARGUS function

2 P
Flmmo.pv) = m (T —1) o 1)
mo

where mg is the threshold mass typically of the order of the sum of the daughters
masses; p and c are free parameters.

*D. Martinez Santos, F. Dupertuis, Nucl.Instrum.Meth. A764 (2014) 150-155
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