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ﬂ LHCb overview
@ Physics at LHCb
@ The LHCb detector at the LHC

@ Search for New Physics
@ Selected LHCb results
@ Rare decays
@ Mixing induced CP violation in B2 (¢s)

© Analysis of BY — 1.0 decays
@ Motivations
@ Events selection
@ Fit models
@ Preliminary results
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Physics at LHCb

@ LHCb is the LHC experiment dedicated to beauty and charm
hadrons.

o Compare precision measurements with clean predictions to find
evidence for NP

e Flavor sector:
- very rich sector of the SM with precise theoretical predictions
- loop processes are sensitive to energy scales well beyond those
of the accelerators, thanks to virtual contributions.
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Physics at LHCb

@ LHCb is the LHC experiment dedicated to beauty and charm
hadrons.

o Compare precision measurements with clean predictions to find
evidence for NP

e Flavor sector:
- very rich sector of the SM with precise theoretical predictions
- loop processes are sensitive to energy scales well beyond those
of the accelerators, thanks to virtual contributions.

@ Wide physics program:
@ CKM and CP violation with b and ¢ hadrons
@ Rare decays of b and ¢ hadrons
@ Spectroscopy in pp interactions and B decays
© Electroweak and QCD measurements in the forward region
@ Heavy quark production

@ Exotica searches, ...
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LHCDb: super b and c factory at the LHC

@ LHC is a proton-proton collider:
runl: v/s = 7TeV (2011), 8 TeV (2012)
runll: /s = 13 TeV (2015—-2018)
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LHCDb: super b and c factory at the LHC

@ LHC is a proton-proton collider:
runl: v/s = 7TeV (2011), 8 TeV (2012)
runll: /s = 13TeV (2015—-2018)
@ Large bb production cross-section:
a(pp — bB) = 286ub at 7 TeV ipieeo4 (2010) 209)
@ o(pp — cc) 20 times larger!
@ All kinds of b-hadrons produced (B*, B°, BS, B, b-baryons, ...)
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LHCDb: super b and c factory at the LHC

@ LHC is a proton-proton collider:
runl: v/s = 7TeV (2011), 8 TeV (2012)
runll: /s = 13TeV (2015—-2018)
@ Large bb production cross-section:
a(pp — bB) = 286ub at 7 TeV ipieeo4 (2010) 209)
@ o(pp — cc) 20 times larger!
@ All kinds of b-hadrons produced (B*, B°, BS, B, b-baryons, ...)
@ b-hadrons produced mainly at low angle:
LHCDb detector installed in the forward region
—unique pseudo-rapidity range

Detector Acceptance
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The LHCb detector [JINST 3 (2008 S08005)]

@ Single-arm forward spectrometer:

e Tracking system
IP resolution ~ 15um (at high pr)
Sp/p ~ 0.45% s HeAL
@ RICH system // Moanct R 1
Very good K — 7 identification for
p ~ 2—100GeV/c
o Calorimeters
Energy measurement, identify mo,v,e
+ trigger
e Muon detector
muon identification + trigger
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The LHCb detector [JINST 3 (2008 S08005)]

@ Single-arm forward spectrometer:

o Tracking system
IP resolution ~ 15um (at high pr) k‘
5p/p ~ 0.45% b e

° RlCH System " / Magnet . RICI2 g

Very good K — 7 identification for
p~2—100GeV/c

o Calorimeters
Energy measurement, identify mo,v,e
+ trigger

@ Muon detector
muon identification + trigger

@ Integrated luminosity:
runl: 1fb~" (2011), 2fb~" (2012)
runll (ongoing): 0.3fb~" (2015—2018)
Instantaneous luminosity ~ (1 — 4) x 10%cm~2s~

1
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The LHCb detector [JINST 3 (2008 S08005)]

@ Single-arm forward spectrometer:

e Tracking system
IP resolution ~ 15um (at high pr)
Sp/p ~ 0.45% G e RCES
e RICH System " / Magnet AR N
. .

Very good K — 7 identification for
p~2—100GeV/c

o Calorimeters
Energy measurement, identify mo,v,e
+ trigger

@ Muon detector
muon identification + trigger

@ Integrated luminosity:
runl: 1fb~" (2011), 2fb~" (2012)
runll (ongoing): 0.3fb~" (2015—2018)
Instantaneous luminosity ~ (1 — 4) x 10%cm~2s~

1

@ Trigger reduces the pp rate from 40 MHz — 12.5kHzin two steps:

1) hardware (e.g. muon trigger built at CPPM)
2) software
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After LHCb runl

@ Wide range of precise and outstanding physics results
@ Some tensions with the Standard Model

@ Nice and precise measurements not anticipated when designing
LHCb
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Some key results at LHCb

——LHCb —e—BaBar —e—Belle

Ry

LHCb

> . o 05 T T T
— BaBar, PRL109,101802(2012) 2=
; ; [ glil\zlvw 2 045 — Belle, arXiv:1507.0233 =10 . 1
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Rare Decays: BY ; — p'p~

1+

b Wil
teu|d ilv

s(d) L

w5 i°

(at CPPM)

@ Loop processes very suppressed in the SM.

Precise theoretical prediction [C. Bobeth et al, PRL 112, (2013) 101801]:

@ Sensitive to new physics
@ Combination with CMS data [Nature 552 (2015) 68]:

Weighted candidates per 40 MeV/c?

GMS and LHCb (LHG run )

ARARRNRARE RN/ nx) HERNRARRY AR

T
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Rare Decays: 7 in the final state (at CPPM)

Pioneer work in progress
@ B—rrand B— K*r1:
e Rare decay with B(B — 77) ~ 200 x B(B — pu) in the SM

e Experimentally very challenging

@ B— 7u:
@ Lepton flavor violation

qQ/927



Mixing induced CPV in B? (at CPPM)

@ Interference between BY decay to CP eigenstate either directly
or via B%-B? oscillation gives rise to a CP violating phase

I = gy = by — 20p: golden mode: BY — Jjip b

)

o
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Mixing induced CPV in B? (at CPPM)

@ Interference between BY decay to CP eigenstate either directly
or via B%-B? oscillation gives rise to a CP violating phase

I = gy = by — 20p: golden mode: BY — Jjip b

oM - B ‘
-0p ‘ ¢

@ Small and precise SM prediction:
s ~ —2Bs = —(0.0376 + 0.0007 — 0.0008) rad
with 8s = arg (—Vis Vo™ / Ves Vep ™)

@ Sensitive to NP in the mixing loop

@ Measured by fitting differential decay rates for B and B2
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MIXIng-IndUCGd CPV |n Bg [arXiv:1411.3104]

@ LHCb using only B? — Jip KTK—:
¢s = —0.058 £ 0.049 + 0.006 rad

@ World average:
¢s = —0.015 4 0.035rad

HFAG

/S . 68% CL contours
(Alog £ =1.15)

CDF9.6fb"

ATLAS 19.2fb~"

-0.4 -0.2 0.2 0.4

¢ ;“ [rad]
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Analysis of BY — n.¢ decays
with the runl of LHCb
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BY — n.¢: Motivations

@ Goal:
e reduce the statistical uncertainty on ¢s
= add a new decay mode
@ B(BY— J/y (up~) ¢ (KK))~32x107°
B(B2 — n¢ (4h) ¢ (KK)) ~ 2.3 x 10~° (estimate)
= similar visible BR
e study hadron modes: h=m or K
B(ne — KTK~n*n™)/B(ne(4h)) ~ 53%
B(ne — mtn~at7™)/B(ne(4h)) ~ 40%
B(ne — KTK=KTK™)/B(ns(4h)) ~ 7%
@ Ns = Lin X 045 X fag X 2 x B(BS — 16(4h)$(KK)) X €or

First estimation of sensitivity on ¢ with a MC based study (2006):
UZ“ZS ~ 0.1 U;M“ﬁ
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BY — n.¢: Motivations

@ Goal:
e reduce the statistical uncertainty on ¢s
= add a new decay mode
@ B(BY— J/y (up~) ¢ (KK))~32x107°
B(B2 — n¢ (4h) ¢ (KK)) ~ 2.3 x 10~° (estimate)
= similar visible BR
e study hadron modes: h=m or K
B(ne = KTK~nt77)/B(nc(4h)) ~ 53%
B(ne — mtn~at7™)/B(ne(4h)) ~ 40%
B(ne — KTK=KTK™)/B(ns(4h)) ~ 7%
@ Ns = Lin X 045 X fag X 2 x B(BS — 116(4h)$(KK)) X €ior
First estimation of sensitivity on ¢ with a MC based study (2006):
UZ“ZS ~ O.1ai/¢¢

o First step: Discovery of B — n.¢ and measurement of its
branching fraction with the runl of LHCb (3 fb~1)
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Branching fraction of B% — n¢¢

. N : f
Bineas(BY = 1) = gri=e x B(BY — Jfip ¢) x BLLLA o T

BO~>J/1¢1¢ BI 7] _>4h) )
with i € {2K2r,4x, 4K}

B —nce
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Branching fraction of B% — n¢¢

. NI i ‘
Bneas(BY = 1c0) = i x B(BR = Jj 8) x Sind x Hsee

. B (nc—4h) c
Bg—J/ ¢
with i € {2K2r,4x, 4K}

B —nce

1) Inputs B(B2 — Jp ¢), Bi(Jp — 4h) and B/ (ne — 4h) taken from PDG
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Branching fraction of B% — n¢¢

. NI i ‘
Bneas(BY = 1c0) = i x B(BR = Jj 8) x Sind x Hsee

. B (nc—4h) c
Bg—J/ ¢
with i € {2K2r,4x, 4K}

Bl —nco

1) Inputs B(B2 — Jp ¢), Bi(Jp — 4h) and B/ (ne — 4h) taken from PDG

2) Efficiencies computed using exclusive n¢ and J/ip MC
@ We factorize the total efficiency as:

£ = ggo, Ercco.sscl.gPID
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Branching fraction of B% — n¢¢

. Ni . ‘
Bneas(BY = 1c0) = i x B(BR = Jj 8) x Sind x Hsee

. B/ (ne—4h) B
Bg—J/ ¢
with i € {2K2r,4x, 4K}

Bl —nco

1) Inputs B(B2 — Jp ¢), Bi(Jp — 4h) and B/ (ne — 4h) taken from PDG

2) Efficiencies computed using exclusive n¢ and J/ip MC
@ We factorize the total efficiency as:

£ = g&eo greco Escl gPID
NB°~>7]¢¢ . . . . . .
/\/057: extracted from unbinned maximum likelihood fit to data (see following)
B J/p ¢
S
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Selection of signal events

A) A pre-selection is performed in two steps to reduce the
combinatorial background:

1) loose cut-based selection
2) Boosted Decision Tree (BDT)
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Selection of signal events

A) A pre-selection is performed in two steps to reduce the
combinatorial background:

1) loose cut-based selection
2) Boosted Decision Tree (BDT)

B) The final selection is optimized using another BDT together
particle identification (PID) cuts

15 /927



Pre-selection: cut-based

@ An LHCb event contains ~100
nearly parallel tracks

@ Large part of combinatorial
background:

@ has low transverse momentum

(p7)
e comes from primary vertex (PV)

16 /27



Pre-selection: cut-based

Variable | Cut
Hadrons from n¢

pr [MeV/c] > 250.0

1P/x2 > 4.0

ProbNNk (Only for kaons) > 0.13

ProbNNpi (Only for pions) > 0.2

TRACK X2 / dof < 3.0

TRACK GhostProb < 0.4

ne

DOCA 2 < 20.0
Spr (KT, K™, nF, n7) [Mev/c] > 2500.0

S IPIX2 (KT, K=, 7, n ) > 30.0

1P/x2 > 20

|mgp, - 3000.0] [MeV/c? | < 200.0

vertex XZ / dof < 9.0

@ An LHCDb event contains ~100 or Kaons of & S s000

1P/x2 > 40

nearly parallel tracks s I
P [Mev/c] ’ > 800.0

. . 2
@ Large part of combinatorial POy X R
X |
background: My -y | [MeV/c? ] < 30.0
2

@ has low transverse momentum vertex X S —
(pr) Im -m I[E;/glv/cz] < 5000

e comes from primary vertex (PV) KT8 '
DIRA > 0.99

vertex X2 / dof < 25.0

DLS > 0.0
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Pre-selection: BDT

@ BDT trained with:
@ Signal: MC events
@ Background: Real Data Upper Side Band
— invariant mass of 6 hadrons in [5800, 6000] MeV
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Pre-selection: BDT

@ BDT trained with:

@ Signal: MC events

@ Background: Real Data Upper Side Band

— invariant mass of 6 hadrons in [5800, 6000] MeV

@ List of variables used:
pr of all particles (but BY)
IP/x? of all particles
B2 decay time and vertex fit quality
Pointing

BDT response > 0 is used
TMVA overtraining check for classifier: BDT

TMVA

N Si‘gm‘al (Hra%niﬁg ‘sarlwp\‘e) T E

3 i‘siéndl (lleslI sa‘mﬂle}‘ T
m Background (test sample) * Background (training sample} J
7 FKolmogorov-Smirnev test: signal (background) probability = 0.818 (0.616)

(1:M) dN : dx

U:O-tlow (S.Bi: 0.0 0.0]% : (0.0, D.Dj%

0.2 0.4
BDT recnansp 17 /927



Offline selection: BDT

@ BDT trained with:
@ Signal: MC TRUE events
@ Background: real data Upper Side Band: m(6h) > 5600 MeV

@ List of variables used:
e vertex 2, IP/x?, TRACK x?2, pseudo-rapidity, time of flight, pr
@ BDT training result:

FAT Signd (test sampley | |
7=
@ Background (test sample)
§ [HoImogorov-Smirmey test: signal [Dackground) probavility = 0.105 (0.029)

* Background (training sample}

»*®
©
=
T
z
sy

U:0-tlaw (SBJ: (0.0

02 03
BDT response
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Optimization of the offline selection

@ Procedure of optimization:

FoM = —3_, where L] 1

Figure of merit

—f

V5B’ g
S = Number of B — 4h¢ g <+>
candidates fitted (Gaussian) : TL |
B = Number of combinatorial E ﬂ/ /f
background fitted (Exponential)

015 01 -005 005 01 015 02 025 03
BDT response 2012 4rtcase

1) Cut on BDT split by data taking periods and decay modes

2) Different PID cut applied according to the final state
B2 — ne¢p with
¢ — KK and
ne — KK,
Ne — TTTT,
ne — KKKK
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Branching fraction of B? — 7.4 (reminder)

. N o |
Blroas(BY = ned) = 1ot x B(BY — Jp ) x BLLLoAn) o e

80w o Bi(nc—4h) gsgﬁ%d)
with i € {2K2m, 47, 4K}
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Fiting procedure

@ The fit is performed in two steps:

1) 2D fit (Mype+ k- X Myrg-):
e to disentangle event category:
BY — 4h¢, B® — 4hKK,
BY — 4h¢, BS — 4hKK,
bkg— 4h¢ and bkg— 4hKK

24 /927



Fiting procedure

@ The fit is performed in two steps:

1) 2D fit (m4hK+K— X mK+K7):

e to disentangle event category:
BY — 4h¢, B® — 4hKK,
BY — 4h¢, BS — 4hKK,
bkg— 4h¢ and bkg— 4hKK

2) 1D fit (map) with optimal backgroung substraction procedure:
o to disentangle 7., J/i» and NR components

24 /927



BY — no(4h)¢(K+K-): Mass fit model

@ Mass 4hK+K—:
— BY: Hypathia' with 12 and o free and all other parameters fixed (MC)
— B°: Hypathia with 1 free and all other parameters equal to B°
— Combinatorial background: Exponential with coefficient free

"Modified Gaussian with asymetric tails

29 |97



BY — no(4h)¢(K+K-): Mass fit model

@ Mass 4hK+K—:

— BY: Hypathia' with 12 and o free and all other parameters fixed (MC)
— B°: Hypathia with 1 free and all other parameters equal to B°
— Combinatorial background: Exponential with coefficient free

@ Mass 4h

— ne: Voigtian: u free, Breit-Wigner line shape width fixed to 32.2 MeV
and o of the convoluted Gaussian free

— JAp: Hypathia with 1 and o free, all other parameters fixed (MC)

— "Physical background", NR m(4h): Exponential with coefficient free

"Modified Gaussian with asymetric tails
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BY — no(4h)¢(K+K-): Mass fit model

@ Mass 4hK+K—:
— BY: Hypathia' with 12 and o free and all other parameters fixed (MC)
— B°: Hypathia with 1 free and all other parameters equal to B°
— Combinatorial background: Exponential with coefficient free

@ Mass 4h
— ne: Voigtian: u free, Breit-Wigner line shape width fixed to 32.2 MeV
and o of the convoluted Gaussian free
— JAp: Hypathia with 1 and o free, all other parameters fixed (MC)
— "Physical background", NR m(4h): Exponential with coefficient free
@ Mass KTK~
— ¢: Relativistic Breit-Wigner, with mass dependent width,
convoluted with Gaussian: p free, Relativistic Breit-Wigner line
shape width fixed to 4.26 MeV and radius fixed to 3.0 (MC), o of the
convoluted Gaussian free
— S-wave (NR K*K~): Exponential with coefficient free

"Modified Gaussian with asymetric tails
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Mass fit model: MC

Candidates / (2.0 MeVic?)

Pull

Candidates | (3.5 MeVic?)

Pull

Mass 4hK+K~: B

I I
80 5300 5320 530 530 5ag0  5A00 6420

LN
M) (Mevic?

o'

L L I L L I
2850 2900 2850 5000 5050 3100 5150
M (MeVic?]

Candidates / (1.4 MeVic?)

Pull

Candidates / (0.6 MeVic?)

Pull

Mass 4h: J/y

I \
5080 3120

5

100
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2D fit (m4hK+K— X mK+K—): Result

Pull

Candidates / (6.0 MeVIc?)

I

8

Mass 4hK+* K~

00 5250

5400

5250 5500
M(4hKK) [MeVic’]

i ! i ! " ! ]
TR R MR TL LT TTLIMMR TS TR
il H . . . . |

-4

@ Events are properly described:

Mass KT K~

g

Candidates / (1.2 MeVic?)

200

Dk
80 1000

y TP .
1010 1020 1030

1040 1050
MKK) [Mevic]

a ‘ ‘ ‘ ‘ - ‘
T TY T PEAThA T ATV T LA TR LA LI LA TR TR L
, L. \ , , |

2

e B — 4h¢ and B® — 4hKK full and dashed green lines,

respectively

e B2 — 4h¢ and B? — 4hKK full and dashed red lines, respectively
o bkg— 4h¢ and bkg— 4hKK full and dashed black lines,

respectively

@ The fit yields 1355450 B — 4h¢ events
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1D fit (m4h): Result

@ BY — 4h¢ substract background are applied on the invariant mass 4h

Mass 4h
{.’140
3
§1zo
émo
5 80
Nﬁ{)
B!
¥ Gt =1.02+0.13
» B ¢

20

o BT S o N ST
2850 2900 2950 3000 3050 3100 3150
M(4h) [MeV/c?]
= 4 T T T T T T T
H 1 b
a 2% 4 P 3 7 o 9
OFFT 9982 4,8,70 T 8907090 T3¢ (007054t 070 20,0
Y e | tal sl B ol bd Fs 3 it-¢ | Nalete
_4 L L L L L L L

First observation of B — 70!
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Preliminary branching fraction of B — 7.¢

N0~> c =) 0_,
Breas(BS — 1c¢) = 7™ x B(B — Jfp §) x 88(2/1/71/):41’)’) « B

By ¢

532—”70(#

1) B(BS — Jipg) x Lo = (3.3 +0.5)x 10—

1>
2) B=Ie _ 4014 0.01

€
Bg*whw

N
3) LUt 1.0240.18
B~ ¢

Preliminary (LHCb)
BRE™(BY — 10¢) = (3.31 + 0.43(stat)+£0.50(8)+0.05(syst)) x 104
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Conclusions and prospects

@ Conclusions:

o First observation of B — nc¢
o Using 4h: Boai™(B2 — ne¢) = (3.3 +£0.7) x 107*

@ Analysis prospects:

o Complete systematics study
e Publish the BR

@ Thesis prospects:
o Start ¢s with runll
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CKM matrix and Unitary Triangle

@ The source of CPV in quark sector

d’ Vg Vs Vib d\™
S = Vea Ves Vo S
b Vierk Vis W b

V ek is unitary and can be parameterized
with 4 parameters A, A, p and n:

A2

2
1 - AT N AX3(p — in)
4
Verm = Y 1 A2 +O(AY)
AN3(1 = p —in) —AA% 1

0,0 (1,0)

@ Can't explain baryonic asymmetry in the universe
— should be additional mechanism beyond SM

@ Measure the CKM parameters to find inconsistencies in UT

Q9 /27



The LHCb Trigger in 2011-2012 (runl)

40 MHz bunch crossing rate

> tr b

@ LO hardware trigger: LO Hardware Trigger : 1 MHz
o Find lepton, hadron with high pr readout; high B/ Frsigvatures
o Reduce the rate from 40 MHz to gonikiz 400 kHz 150 kHz

1 MHz h JOE ) e/y

> > <>

Software High Level Trigger

@ HLT1 software trigger:

e Finds vertices in VELO 29000 Logical CPU cores
o Tracks with hlgh IP and pr Offline reconstruction tuned to trigger
. time constraints
@ HLT2 software trlgger: Mixture of exclusive and inclusive

e Reconstruct all tracks in event selection algorithms

@ Select inclusive/exclusive b-hadrons U U O

o Output rate = 5kHz 5 kHz Rate to storage
2 kHz
Inclusive/
Exclusive
Charm

2 kHz 1 kHz
Muon and

DiMuon

Inclusive
Topological
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The LHCb Trigger in 2015-2018 (runll)

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

@ L0 hardware trigger: 1 < A

e Find lepton, hadron with high pr LO Hardware Trigger : 1 MHz
@ Reduce the rate from 40 MHz to readout, high Ey/Pr signatures
1MHz 450 kHz 400 kHz 150 kHz
@ HLT1 software trigger: he L Wee el
e Finds vertices in VELO
° Tracks With high IP and pr Software High Level Trigger .
. : : ial ion, sel
® Alignement and calibration ([ aimarin syort reconstruction seect )

performed online! .
@ HLT2 software trigger: B Y T ——

. detector calibration and alignment
@ Reconstruct all tracks in event g
@ Select inclusive/exclusive b-hadrons

Full offline-like event selection, mixture
4] Output rate = 12.5kHz of inclusive and exclusive triggers

- I3 I
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Efficiency computation: total efficiency

reco ~sel ~PID

£ = g8%0 gleco 8¢ ¢

@ (cg0_.x4)geo is given after MC generation
(2% 160 = 1.008 -+ 0.005
Bg—mnco

° ( c ) N (MC events reconstructed truth matched)
B2—X¢/reco = AT(MC events generated in the LHCb acceptance)

(2202 oo = 0.9757 + 0.0018

BO —necd

N (MC events reconstructed and selected truth matched)

° (EBS—>X <i>)se/ = N (MC events reconstructed truth matched)
€50 b &
(224256 = 1.030 4 0.009
€50 ;
Bg—nco

P ( ) _ N(MC events reconstructed, selected truth matched and PID)
553_»( $JPID =" A7 (MC events reconstructed and selected truth matched)
€50 .
B/ ¢
(==Y pp = 1.000 £ 0.007

€
8 —ncod

(L2t =1.01 £ 0.01

€
Bg**nz:@
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B — i~ combined analysis of CMS and LHCb

[CMS and LHCb, arXiv:1411.4413, submitted to Nature]

CMS and LHCb (LHC run 1)
e e e e

T E|

3°F —4— Data -

s —— Signal and background ]

g s f e 1

< ST 3 MS and LHCD (LHC run |
E J¢ i asasasss

B 0 H - . = Combinatorial bkg. 1%

g *H +--+- Semileptonic bkg ElS

- — — Peaking bkg.

]

£ b

S

H

)

3

23

7]

n g L
5000 5200 5400 5600

"L‘us's[?“‘uewczl T e e e S ntion
@ B(BY — utu~) =281 x 107° (6.20), first observation!

@ B(B® — ptu~) =398 x 10719 (3.20) evidence for B° — utpu~

BB~ pu” 0.08
° W = 0.147%% (2.35 of SM)
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B — utp~ consequences

[Mahmoudi et al, arXiv1401.2145] Modified from [D. Straub, Nuovo Cim. C035N1 (2012) 249]
UNOFFICIAL
2.0
CMSSM - tan p=40, Au=-2 my
< 2000
[ [Allowed
o ene, 15 MSSM-LL
= P
£1500 Dan(aﬁ;,y) ‘s
EEBR(B-1v) =
T 1.0
1000 :3: f
&1
5% =
o 03 2
500 = 8
(&}
i dLon oo 0.0 o
500 1000 1500 2000 0 RSc 10 20 30 40
m,, (GeV) 109 x BR(B, — utp~)
Black line corresponds to the direct limit by ATLAS 20.3 fo—1 68% CL LHCb+CMS 2014 constraint in blue

Strong constraints on many NP models, in particular those with large
tan g
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Test Of Iepton universality With B+ % K+,[/+,(7— [PRL,113, 151601 (2014)]

——LHCb —=—BaBar ——Belle
"3 C T T T T
=t LHCb
15 | E
5 |
1
F | | SM
r T
0.5 .
0(; ; ]IO ]IS 2I0
¢* [GeV¥e]
@ Search for NP in the above loops (@ = m?,)

_ BB = K'ptpm) -3y
Rk = BB > Krete) 1+ O(107°) in the SM
@ Rx(LHCD, 1 < q* < 6GeV?/c*) = 0.74573:9% + 0.036 (2.60 from
SM)

@ To be watched out with more statistics
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0] * =
B — K M+/,L [JHEP 08 (2013) 131, PRL 111 (2013) 191801]

@ Same motivations as B~ — K~ ¢1¢~
(same SM loops, but with a vector in the final state)
@ Complicated angular analysis with many observables:

1 ar

3 1
2 2 2
= Z(1 — FL)sin® 0y + F cos” 6)c + —(1 — FL)sin® 8¢ cos 20
dr/dg2 dcos 0, dcos O dp dg2 327 {4 k K™% K ¢

- A cos? Oy cos20y + Sy sin? Ok sin? 0y cos2¢
+ Sy sin20 sin264 cos ¢ + Sg sin 20 sin 6 cos ¢
+Sp sin? O cos 8y + S7sin 26/ sin O sin ¢

+ 38 sin 20 sin 260 sin ¢ + Sg sin2 Ok sin2 0¢sin2¢

@ Can parameterize the angular coeff to be largely free of form factor
uncertainties [S. Descotes-Genon et al, arXiv:1303.5794]
e.g. Pi = ﬁ where F; is the fraction of longitudinal polarization,
LUl—rp

Ss is the coefficient of sin 26, sin 6, cos ¢ in the decay rate.
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0] * —
B % K £/+£ [JHEP 08 (2013) 131, PRL 111 (2013) 191801]

S e 1 T T T T [\§ 0.8

& osf SM Predictions LHCb

0.6

0.4 —+— Data

0.2~

SM Predictions

—+— Data

_++

15 20
g2 [GeV¥/cY]

0.6|
0.4
0.2

]

el ++ . + :

-0.8— -0.8

'
o

"o
q [GeVZ/c“]

@ Mainly compatible with the SM expect one angular variable
@ Local 3.7¢ discrepancy with SM prediction in 3™ bin of P

@ Look-elsewhere-effect-corrected SM p-value of this analysis is
0.5%

@ Theoretical work ongoing to better understand this bin.
NP contribution to EW penguin Wilson coeff Cq?

@ LHCb update with full Run 1 data expected soon
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Mixing induced CPV in B?

@ Interference between B? decay to Jj)¢ either directly or via
B9-B? oscillation gives rise to a CP violating phase

G = - 20

Bs J/ye
oug /:DD

@ InSM, ¢ ~ —28s = —(0.0363 £ 0.0013) rad, B = arg (— VisVio" / Ves Vi)

@ Neglecting sub-leading diagrams, the same phase is expected in
B — DI D; and B2 — Jiprr

@ Measured by fitting differential decay rates for BS and BY:

d'r(BS— Jfip9)
dt dcosé, dpn dcos bk

= f(d)S:Ar& rSvAmS7 M(Bg)7 |Ai|7 |A|||7 |AS‘76L75||7 )
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Mixing-induced CPV in B — J/i) ht A~ wcrersoren

@ Unbinned maximum likelihood fit (time, mass, angles, initial flavour)

g

3 8
S S 3000
S ¢
3 3 22500
B 10? 3 2000
=t
2 of 51500
o 1000
N 500
1 £ i
w0 1 05 0 05 1
cos6,
8 i '
S 00 £ ao00f LHCb 3
§ 20 8 2500) ,
3 R B O L |
5 2000 3 ™ E
3 PR 7N
E ~ ~4
O 1500] E 1500~ ~— &
1000 E 1000E =
500| 500 4
S it et T : y
-1 -05 o 05 1 -2 0 2
¢, [rad]

@ ¢s = —0.058 + 0.049 + 0.006 rad;™"

@ s = ('L + u)/2 = 0.6603 + 0.0027 + 0.0015ps ™"

@ Alg =T, — Iy =0.0805 + 0.0091 + 0.0032 ps~"

@ Combined with B — J/yr* 7~ ¢ps = —0.010 =+ 0.039
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CPV in B® and BY mixing

. . q _ T(Bg—Bg—f)—T(Bg—Bg—T)
@ Semileptonic asymmetry Al = r(BZ-»BZ->f)+r(BZ—>Eg—>?)

SM
@ D measures the di-muon asymmetry, AgL, mixture of semileptonic
asymmetries in BY (Asls) and B° (Asld). ~ 3¢ from SM po, Pro 80 (2014) 012002]

@ Same approach delicate at pp collider due to production asymmetries.
LHCb measures individually:
Asls = (—0.06 =+ 0.50 + 0.36)%, 1fb~", [LHCb, PLB 728 (2014) 607]
Asld = (—0.02 + 0.19 + 0.30)%, 3fo~", [arXiv:1409.8586]

Compatible with both SM and D

very small in the

=
=
T
>
=

A (B)

[U
|\
-0.01 y
’ D‘U

-0.021-

| el
-0.03]
Il Il

-0.02 -0.01 0 0.01
Ag (BY)
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Fit 3D (mass 4h, mass 6h, mass 2h) 2K2pi
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Fit 3D (mass 4h, mass 6h, mass 2h) 2K2pi
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All modes yield 2K2pi

Nﬂt
Ngo ok | 018
NG o 17+7
Nio o | 95
No s i 0+2
N&’—)NF!KK 0£5
N npo | 7E15
Ngo . | 1616
Ng_,., | 141+24
Ngo_, yyr | 2012
Ngo_ ., | 238+22
Ng e | 109+ 26
Ngo_nms | 296+ 38
NI e 338+ 29
Nits 674+ 41
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Fit 3D (mass 4h, mass 6h, mass 2h) 4pi
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Fit 3D (mass 4h, mass 6h, mass 2h) 4pi
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All modes yield 4pi
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Fit 3D (mass 4h, mass 6h, mass 2h) 4K
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Fit 3D (mass 4h, mass 6h, mass 2h) 4K
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All modes yield 4K
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Used data samples

@ Real Data
e Momentum scale calibration applied
e Full stat of runt
@ 2011:0.98 fb—!
@ 2012:1.99 fb~!
e Stripping 21(r1)
e Stream: BHADRON.MDST
e Stripping Line: StrippingBs2EtacPhiBDTLine see 29/01/2015 talk
@ MC Sim08g Pythia8:
o DecFile: Bs_Jpsiphi,hhhh=DecProdCut.dec
6065927 events
o BY — Jap (KKmm)d(KK)
o BY — Jip (mmrm)p(KK)
o Bg — Jp (KKKK)p(KK)
e DecFile: Bs_etacphi,hhhh=update2015,DecProdCut.dec
6123927 events
o BY — nc(KKmm)p(KK)
o BY — ne(rrmm)p(KK)
@ BY — nc(KKKK)p(KK)
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https://indico.cern.ch/event/364727/contribution/4/material/slides/0.pdf

Trigger lines

@ 6 hadrons in the final state

LOHadronDecision_TOS || LOPhysics_TIS
&&
HIt1TrackAlILODecision_TOS
&&
HIt2Topo(2,3,4)BodyBBDTDecision_TOS || HIt2IncPhiDecision_TOS
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Branching fraction of B% — n¢¢

. Ni y ‘
Bneas(BY = 1c0) = i x B(BR = i 8) x Sind xc Hsee

0 Bi(nc—4h) €
Bg—=J/v ¢
with i € {2K2r, 47, 4K}

Bl —nco

1) Inputs B(BY — Jp ¢), Bi(Jp — 4h) and B/ (ne — 4h) taken from PDG
(see backup 69)

2) Efficiencies computed using exclusive nc and J/ip MC (see following)
@ We factorize the total efficiency as:

£ = g&o, Elcco.sscl.EPID

with sel = (trigger + stripping + offline selection and BDT)

N,
3 Bg—”u:d)

N : extracted from unbinned maximum likelihood fit to data (see following)
B~y ¢
S
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Efficiency computation: geometric

@ Table is given after MC generation

Efficiency (%): geometric
Years e — ncd Bg — JY P Ratio
MC2011 0.1601 £ 0.0005 0.1610 £ 0.0005 1.006 £ 0.005
MC2012 0.1616 + 0.0006 0.1631 + 0.0006 1.009 + 0.005
Total 0.1609 + 0.0005 0.1620 £ 0.0005 1.008 £ 0.005

o (E222) o =1.008 + 0.005

552 —ncd
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Efficiency computation: selection

©® (cp0xp)sel =

N (MC events reconstructed and selected truth matched)

— selected means: trigger + stripping + offline selection and BDT

N (MC events reconstructed truth matched)

Efficiency (%): selection
Mode BY — nco 8 — Jyp ¢ Ratio
Mag Down Mag Up Mag Down Mag Up
2011 KKpipi mode 3.38 £ 0.08 3.19 £ 0.07 334 £0.08 333 £0.08 1.016 £ 0.023
2012 KKpipi mode 6.2 4 0.07 6.13 + 0.08 6.55 4 0.08 6.23 + 0.08 1.036 4 0.013
2017 pipipipi mode 545 £ 0.13 538 £ 0.12 561 £0.14 56 £ 0.14 1.034 £ 0.025
2012 pipipipi mode 4.94 +0.09 5.1 4 0.09 5+ 0.1 5.34 + 0.1 1.03 + 0.019
2011 KKKK mode 522 £ 0.29 464 £0.28 465 £ 0.25 455 F 0.24 0.931T £ 0.05
2012 KKKK mode 6 +0.23 5.6 + 0.22 6.19 4 0.21 5.83 + 0.2 1.04 4 0.04
Total 521 £ 0.04 512 £ 0.04 5.35 £ 0.04 53 £0.04 1.03 £ 0.009

€ Bg —J/p P
)sel

EBgancm

=1.030

+ 0.009
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Efficiency computation: PID

® (ep0_,x0)PID =

N (MC events reconstructed, selected truth matched and PID)

@ used PIDCalib package:

1) We created calibration sample for K and = with PID cut
(value optimize after the BDT selection, see backup)

2) We run the calibration over the reference
3) We recalculate the statistical uncertainties taking into account the

size of the reference

N (MC events reconstructed and selected truth matched)

Efficiency (%): PID

Mode Bg — ned Bg — J/p o Ratio
Mag Down Mag Up Mag Down Mag Up
2011 KKpipi mode 86.31 + 0.17 86.61 + 0.17 86.63 + 0.17 86.26 + 0.19 0.9998 £ 0.0020
2012 KKpipi mode 86.66 + 0.10 85.52 + 0.11 86.47 4+ 0.10 85.58 + 0.11 0.9992 + 0.0012
2011 pipipipi mode 81.12 £ 0.18 80.78 + 0.19 81.12 + 0.21 81.11 £ 0.20 1.0021 + 0.0024
2012 pipipipi mode 81.54 + 0.15 80.60 + 0.15 81.38 4+ 0.17 80.52 1+ 0.16 0.9986 + 0.0019
2011 KKKK mode 911+ 05 917 £ 04 91.6 +£ 0.4 915+ 04 1.002 £ 0.005
2012 KKKK mode 91.10 + 0.30 90.63 + 0.35 91.68 + 0.25 90.25 4 0.30 1.0011 + 0.0033
Total 84.90 + 0.07 84.24 + 0.07 85.16 1+ 0.07 84.47 1+ 0.07 1.000 + 0.007

o (B-7v%ypn =1.000 + 0.007

c
B —nco
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Definition of true MC candidate in our Tuples

@ Signal (B2 -1, ¢), BKGCAT: @ Control channel (B —J/v ¢), BKGCAT:

e B =0||B2=10 e BY=0||B2=10
@ 7c=0|lnc =10 e =0
e =0 o Without Stripping Line: J/ip = 0[|J/ =10

o With Stripping Line: J/y» = 20

@ The intermediate resonance from J/i or 7. are not in the decay
descriptor

@ The Stripping Line needs the decay descriptor written with 7,

BKGCAT=0: true NR signal
BKGCAT=10: all intermediate states of the decay descriptor are not correctly reconstructed
BKGCAT=20: the true MC particle defined in the decay descriptor is not a signal decay
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Fit 3D with negative yield
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Fit 3D result: shape parameters with negative yield

COVARIANCE MATRIX CALCULATED SUCCESSFULLY

ECN=25973 FROM HESSE ~ STATUS=0K 554 CALLS 6924 TOTAL
EDM=368.06 STRATEGY=1 ERROR MATRIX ACCURATE

EXT PARAMETER INTERNAL  INTERNAL

NO. NAME  WALUE ERROR STEP SIZE WVALUE

1 Bs kNR 4h 5.30469e-04 4.86051e-04 186259e-06 530469204

2 EtacMean 2.98260e+03 2.05098e+00 455868e-04 1.30289e-01

3 phiMean  1.01987e+03 7.50387e-02 B8.24517e-05 -650038e-03

4 Resolution_2h_Phi 1.03377e+00 144010801 141236804 -1.11208e+00

S5 Resolution_4h_Etag 9.59493e+00 3.48332e+00 153719e-03 -9.54154e-02

6 lpa_m  528519e+03 3.156032+00 2.16405e-01 -3.84705e+00

7 lpa_m_jpsi 3.09985e+03 7.69664e-01 8.361588-04 6.060272-01

8 ijpa_ms  537019e+03 4.48585e-01 5.17945e-04 692451e-01

9 ipa_s_jpsi 1.15274e+01 9.61494e-01 10640303 -3.14943e+00

10 pa_ss  1.57949e+01 4.982594e-01 4.01853e-04 159665e-01

11 kCombi_4hPhi -7.96039%-03 5.66016e-04 2,16122e-07 -7.9603%e-04

12 kCombi_4h_KK 2.14310e-03 5.88459e-04 119272e-05 2.1431le-03

13 kCombi_4h_Phi 883311204 4.16452e-04 165558606 8.83311e-04

14 kCombl_6h -6.46857e-03 7.0535le-04 282904807 -6.46857e-04

15 kSWaves 2h 6.75956e-01 9.72413e-06 3.73968e-05 6.76472e-02

16 kSWaves_2h_Combi 1.85417e-02 3.05119e-03 12412706 1.85417e-03

17 kSWaves 2h NR 4.78778e-03 550356803 2.19921e-06 4.78778e-04

18 nBd2EtackK -1.00000e+02 4.99350e-01 2.76075e-03 -1.57078e+00
WARNING - - ABOVE PARAMETER IS AT LIMIT.

19 nBd2EtacPhi 2.48788e+00 1.443678+01 970682e-04 252686e+00

20 nBd2JpsikK -1.00000e+02 4.99360e-01 2.76075e-03 -1.57078e+00
WARNING - - ABOVE PARAMETER IS AT LIMIT.

21 nBdzJpsiPhi 2.86637e+00 9.40247e+00 7.063308-04 6.21874e-01

22 nBd2NRKK 6,11796e+01 2,37578e+01 1.0450%e-03 658329e-01

23 nBd2MRPhi 9.30068e+01 364578e+01 6.91520e-04 2.90793e-01

24 nBs2EtackK -1.00000e+02 4,95722e-01 1.81734e-03 -1.57078e+00
WARNING - - ABOVE PARAMETER IS AT LIMIT.

25 nBs2EtacPhi 3.78863e+02 3.51819e+01 4.29625e-04 2.66003e-01

26 nBs2jpsikKK -1.00000e+02 455958401 22257803 -157075e+00
WARNING - - ABOVE PARAMETER IS AT LIMIT.

27 nBs2jpsiPhi 3.58684e+02 2.81130e+01 356974e-04 2,30996e-01

28 nBs2ZNRKK 2,31793e+02 3.08442e+01 3.86963e-04 1.06175e-01

29 nBs2NRPhi 5.57720e+02 5.43970e+01 338130804 1.96707e-01

30 nCompikK  6.67359e+02 4.76357e+01 3.41186e-04 3.41306e-01

31 nCombiPh] 1.12703e+03 591034e+01 2,93076e-04 526731201

RR /27



BY model fit (CB or hypatia)
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model fit (CB or hypatia)
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ne model fit (Voigtian or hypatia)
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¢ model fit (BW convoluted with Gaussian or CB)

S
8
8

3

5

gandigates ( 0.6 MeV(e")

5

.
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1040 1050
M(2h) [MeV/c?]

5 5 &

Candidates / (0.6 MeV/c?)
]

1000

1010
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1030

1040 1050
M(2h) [MeVi/c?’]

3
2
°
s
g
g
8

Pull

Candidates / (0.6 MeVIc?)

| |
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I | |
1020 030 1040 10

0: 0
M(g) [Mevic
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¢ model fit (hypatia)
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Mass fit models tested BS — nc(4h)p(KTK™)

Mass 6h:

BY: CB with 1 and ¢ free and all other parameters fixed (MC)
B°: CB with y free and all other parameters equal to BY
Combinatorial background: Exponentials with coefficient free

L 11l e

@ Mass 4h

ne: Voigtian: u free, Breit-Wigner line shape width fixed to
32.2MeV and ¢ of the convoluted Gaussian free

J/: CB with 1 and o free, all other parameters fixed (MC)

"Physical background", NR m(4h): Exponentials with coefficient
free

4

U

@ Mass KTK—

— ¢: BW convoluted with CB: p free, Breit-Wigner line shape width
fixed to 4.27 MeV and ¢ of the convoluted CB free and all other
parameters fixed (MC)

— S-waves: Exponentials with coefficient free
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MC model fit CB and voigtian(B?, ¢, n. and J/)

Candidates / (0.6 MeVic?)

T

| | | | | | | i o) | | | | |
%60 5300 5320 5340 5360 5380 5400 5420 5440 ° Suh & 000 010 020 030 1040 050
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Pull
Pull

3
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Candidates / (1.4 MeVic?)
T
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| | | | I | | | | I I
2850 2900 2950 3000 3050 3100 3150 3040 3060 3080 3100 3120 3140 160
M(n,) [MeVic] MQIp) [MeVic’]
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Fit 3D with tested model (mass 4h, mass 6h, mass 2h)

5400

Nfll‘

339+36

320+26

1.06+0.14

(B = ned) = (3.53 + 0.48(stat)+0.54(8*)+0.04(syst eff)) x 1074




Selection efficiency without HIt2IncPhiDecision_TOS

N (MC events reconstructed and selected truth matched)
N (MC events reconstructed truth matched)

©® (cp0xg)sel =

Efficiency (%): selection

Trigger Line Bg — ned Bg — Jb o Ratio
Mag Down Mag Up Mag Down Mag Up
2011 KKpipi mode 3.22 £0.07 3.05 £0.07 3.21 £0.07 3.19 £0.07 1.02 £0.024
2012 KKpipi mode 5.9 40.07 5.8 £0.07 6.21 £0.08 5.88 £0.07 1.033 £0.013

2011 pipipipi mode 523 £0.12 5.19 £0.12 5.35 £0.13 5.4 £0.13 1.031 £0.025
2012 pipipipi mode 4.77 £0.09 4.93 £0.09 4.85 £0.09 5.16 £0.1 1.032 +£0.019
2011 KKKK mode 4.88 £0.28 4.27 £0.26 4.43 +0.24 4.35 £0.24 0.958 1-0.05
2012 KKKK mode 5.63 +0.22 5.13 +0.21 5.77 £0.2 5.34 £0.19 1.03 0.04

Total 4.97 £0.04 4.88 £0.04 5.1 +0.04 5.03 £0.04 1.03 +0.009

Table: Selection efficiency to each modes
(ZBveytol 21,028 + 0.009

Bg —ncd

about 5% of signal lost
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Estimation of B(B2 — no(4h)¢(KK))

B(BS — 16(4h)¢(KK))

@ B(BY — ns9):
o d = s hypothesis

—

B(Bg—)ncd:)

12

_ B(Bg—ncKO)

BBA—J/pd)

B(Bg—J/ib KO)

B(B2 — nc¢) x B(ne — 4h) x B(¢ — KK)
23x107°

@ .~ K"K ntn™ ~53%
B(ne — K*K~=*x~) NR
B(ne — KK~ nt)
B(ne — Ko Ko)
B(ne — £(1270)£(1525))
B(ne — f2(1270)f2(1270))
@ e >t i ~40%
® B(ne — ntr ntr ) NR
@ B(ne — popo)
o B(ne — H(1270)6(1270))
@ > KTK-KTK= ~7%
o B(ne — K*K-K*K~) NR
® B(ne — ¢KTK™)
o B(ne — ¢¢)
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Decay modes (1/8)

Mode B from PDG
po — T 1.00 + 0.00)
w—=atrT 1.53+£0.13)x1072
K — Ktn— 0.67 =0.00
6 — KTK— 489 +0.5 )x107?

£(1270) — 7w
$(1270) — ntn~
©(1270) — KK
£(1270) - KtK~

8.48 +0.24)x10~"
5.65+0.16)x10~"
46 +0.4 )x1072
3.07 £0.27)x102

a(1320) — KK
a(1320) — K+ K-

3.3 £05 )x1072

K (1400) — Kp
K1(1400)i — Kipo

0.30 £ 0.30)x 10"
0.20 £ 0.20)x 10"

K3 (1430) — K=

3.3 +£0.8 )x10~'

7(1525) — KK
f,(1525) = KT K~
3(1525) — 7
5(1525) — ntn—

8.87 +£0.22)x10~"
5.9140.15)x10~"
0.82 4+ 0.15)x1072

(

( )

( )

( )

( )

( )

( )

( )

(49 +08 )x102
( )

( )

( )

( )

( )

( )

( )

( 0.55+0.10)x 102
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Decay modes (2/8)

Mode B from PDG
ne — KTK~KTK~ (NR) (1.47+031)x1073
ne — ¢KTK™ (029+0.14)x102
ne — (KTKT)KTK= (1.4 +£0.7 )x1073
Ne — ¢d ( 1.76 £0.20)x1073
ne — (KTK™)p(KTK™) (42 +£05 )x10~*
ne — £(1270)£(1270) ( 0.98+0.25)x102
ne — H(1270)(KTK™)&(1270)(K*K~) | ( 0.92+0.26)x10~°
ne — (KTK-KTK™) \ (33 +£08 )x10°38
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Decay modes (3/8)

Mode B from PDG

J/y — KTK~-KYK~ (NR) (76 +09 )x10°4
J/h — ¢KK ( 1.83+0.24)x10°3
J/h — o(KTKT)KTK— (6.0 +£08 )x10~*
J/p — ¢h(1270) ( 0.72+£0.13)x10°3
J/h = ¢(KTK)h(1270)(KTK~) | ( 1.08 £0.22)x10~5

) ( )

( )

( )

J/ — $f(1270 08 £04 )x10°°
JI = $(KTK™)B(1270)(K+K ™)
J/b — (KTK-KTK") [

0.234+0.12)x1073
1.60 +0.17)x1073
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Decay modes (4/8)

Mode B from PDG
ne — KK 77 (NR) (0.69+0.11)x102
ne — KgK— 7+ (20 £0.7 )x10°2
ne — KF(KTn)K~ 7t (1.3 +£05 )x10°2
ne — K*K' ( 0.70+0.13)x10~2
ne = KKy (23 +04 )x1073
ne — K3 (KTa)Ko(K—nt) ( 1.0440.19)x103
ne — K(1270)%(1525) (0.97 £0.32)x10 2
ne — K(1270)(z 7~ )£ (1525)(K*K~) | ( 0.32+0.11)x10~2
e — H(1270)(KtK~)f(1525)(xtx~) | ( 1.6 +0.6 )x107°
e — R(1270)%(1270) (0.98+0.25)x10 2
ne — B(1270) (77~ )H(1270)(KTK~) | ( 1.7 +0.5 )x10~*
ne — h(1270)(KTK)6(1270)(xt7x~) | ( 1.7 +0.5 )x10~*
ne — (KTK-ntn™) | (25 +£05)x10°?
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Decay modes (5/8)

Mode B from PDG

Jb — KTK-7" 7~ (NR) (66 £05 )x103
J/ — K; K, (23 +£0.7 )x10~4
J/p — K (KTn )Ko(K— ) ( 1.024+0.31)x10~*
J/ib — ax(1320)p0 (36 £0.7 )x10°3
J/h — ap(1320)(KT K~ )po(ntn=) | ( 1.19+0.31)x104
J/p — K K»(1430) (60 +0.6 )x10°3
J/p — K (KT )Kp(1430)(K~x+) | ( 1.334+0.14)x10-3
J/ib — Ki(1400)EKF (0.38+£0.14)x10 2

( )

( )

(2 )

(9 )

(4 )

(8 )

J/p — Ki(1400)= (K= po(ntn))KF | ( 0.4 +£0.4 )x10~*
J/b — ¢h(1270) 0721013 x1073
J/b — d(KTK™)h(1270)(x 7 7) +04
J/y — prtr~ +0.9
) — S(KHK)rtn— +£04
J/p — (KTK—nFn™) \ +05

x10~4
x10~%
x10~*

x1073
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Decay modes (6/8)

Mode B from PDG
ne — mrr - wtr~ (NR) ( 0.97+0.12)x10~2
Ne — pp (1.8 £0.5 )x10°2
Ne — PoLo ( 0.60+0.17)x1072
ne — po(r 7™ )po(mtm™) ( 0.60+0.17)x1072
ne — K(1270)%(1270) ( 0.98+0.25)x10°2
ne — (1270) (77 )(1270)(7T7~) | ( 3.1 +£0.8 )x1073
Ne — (nFa—7Tn~) | (1.88+£0.22)x10°?
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Decay modes (7/8)

Mode B from PDG
J/Y — rtr~atr (NR) 3.57+0.30)x1073
J/Y — wntr 86 +0.7 )x107°

J/p — w(7r ™ )7T+7T

J/p = (xtnatrT)

|

(
(
(
(

)
1.32 £ 0.15)x 10~
3.70 £ 0.30)x 103
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Decay modes (8/8)

Mode B from PDG

ne — (4h) (47 +£06 )x107?

J/y — (4h) | (141 +0.6 )x1073

BY — J/y¢ | (10.7 +£0.9 )x10~*
Ne — PP 16
ne — 2K2w 10 21
ne — K3 Ko 9 18 11
ne — 4m 12 25 16 14
ne — H(1270)%(1270) 3 6 4 3 5

‘ ne = 4K  nc — ¢ nec — 2K2m nC%KO*KS Ne — 4m

Correlation matrix of n — 4h
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Expected contribution in "NR"

@ 1 — KKnm
e B2 — DsDs
where Ds — ¢m or Ds — KK~
e BY — ¢ 4h
o B = ¢pop
@ N — TATT
° BS — Dsmmmr
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Offline selection BDT

@ BDT trained with:

@ Signal: MC TRUE events
@ Background: real data Upper Side Band: m(6h) > 5600 MeV

@ List of variables used:
e ENDVERTEX, IPCHI2, TRACKCHIZ2, DIRA, FD, PT
@ BDT traning result:
ava TMVA overtraining check for classifier: BDT VA

5 ¥ F T T ;f i Signal {test sample} | ' Sighal (traiing sampley | | E
B pob = Background (test sample) | | » Background (training sample}
o -~ E =]
'§ E z & }k i nov test: signal probability = 0.106 (0.029] {
5 08 = E Bl
< E S | E
E sE
2 o7 E
2 E
8 06 s
o E E
05 iE
04F 2
£ MVAMethod: =
05| e [ing e
Py =N U T P e d o el :
0 01 02 03 04 05 06 07 08 09 1 - 0. - - - 5 0.2 0.3
Signal efficiency BDT response

2012 2K27 case
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Variables ranked by the BDT (2012 2k2r case)

Rank Variable Importance

1 BY:ENDVERTEX(x?/ndof) | 1.061x10~"

2 Log_Max_IPCHI2 1.037x10~"

3 Log_Min_PT 9.899x 102

4 nc:ENDVERTEX(x?/ndof) | 9.657x10~2

5 Max_TRACK_CHI2 9.643x10—2 @ Max and Min is applied
6 ¢:Log_PT 9.521x10~2 to hadrons (K, )
7 BY:Log_PT 9.229x 102

8 ¢:ENDVERTEX(x?/ndof) | 8.527x10—2

9 B2:FD_OWNPV 6.474x102

10 ne:FD_ORIVX 6.190x 102

11 B2:DIRA_OWNPV 4.976x10~2

12 nc:IPCHI2_OWNPV 4.899x 102
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Offline selection BDT

Background re|ection versus Signal efficiency e
1

0.8

TTTT T

0.8

0.

06

Background rejection

0.5

04

A Method:

TTTT T TTTT

1.2

540,70, OWNE unt]

07 08 09 1
Signal efficiency

L

e 15 ENDVERTEX i)

TMVA overtraining check for classifier: BDT TMVA
I signal (st sample) |

6 7] Background (test sample)

I nov test: signal

« 'sighal {training dample)

« Background (training sampley
probability = 0.028 +n.u491

%

(1:N) dN : dx
Ll e

0.0, 0070

U-0-tlaw (5.5

0.2 0.4
BDT response

-

§ oz 2 oms : @ H

E 5 om ] i
. Lo H H

i S H
o i H
: = | i
T o Gvovenrex o " 15 s o o

Lot 1 P it

2011 2K27 case
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Offline selection BDT

Background re|ection versus Signal efficiency

TMVA overtraining check for classifier: BDT

TMVA. TMVA
s F E [T Signal {iest samplel! T sidnal {waining sdmpiey |
'§ s % 6 [£77] Background (test sample) | | + Background (training sample} |
'§ £ = Kl nov test: signal probability = 0.218 (0.338) B
o 08F £ 5 3
< - E |
3 £ 3]
50 - g
¥ E £ ]
& 081 = L ]
[ E E F=
05F E E
E E 2E
041 B C
E MVA Method: B 1B
= BDT L
ok
01 02 03 04 05 06 07 08 09 1 0.1 0.2 0.3
Signal efficiency BDT response

.40 70 OWNE unts]

15 ENDVERTEX i)

(1M /021 s

(maorzr

2012 4~

(0308 e

i, 15,70, ORIV it

(my o come

Lot tan 7 1
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Offline selection BDT

Background re|ection versus Signal efficiency e

TMVA overtraining check for classifier: BDT

TMVA

* dignal (irainirly samplej

« Background (training sample}

s F B g [ signal dlest sampie)
§ 0sf % F77] Background (test sample)
T E 5 5[k nov test: signal
T 08 = F 7
2 =
5 £
2 o -
) E
S ] £
& 0%k E 3
05E : F
= 1 2
04F ] [
E MVA Method: B 16
03 = BDT E
02 e
0 01 02 03 04 05 06 07 08 09 1
Signal efficiency
-~
] i
§ | R
: H -
{ Hed
H i H
| " i
B 20 ENDVERTEX (i %0 o oWy s

g B
3

b

15 ENDVERTEX i)

2011 4=

M 03s2ume

(my o comer

probability = 0617 (.279)

0.2 0.4
BDT response

e, 15,70, ORI Lt

Lot i 1 P )
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Correlation matrix of BDT’s variables

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %

10_Min_h_Pt
_Max_IPCHI2
Max_TRACK
3_FD_ORIVX
HI2_OWNPY
ENDVERTEX
SNDVERTEX
phi_1020_PT
110_B_s0_PT
IRA_OWNPY
_FD_OWNPV

ENDVERTEX

Linear correlation coefficients in %

100 100

10_Min_h_Pt

Max_IPCHI2 | - . 21 1

Max_TRACK

HI2_OWNPV
=ZNDVERTEX E 3 1100

ENDVERTEX - 12 100

phi_1020_PT 5 .100 12
110_B_s0_PT 2 100. 3

IRA_OWNPV 17 100 2 5 2

FD_OWNPV |8 BRIIES A S (18

-3 10 9. 21, 5 18 10 ENDVERTEX [g[IE | 8 -12 11 2 4

-100 100
ST N *ﬂ’&‘% MRS T,
lq Iz

2012 2K27 case
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Correlation matrix of BDT’s variables

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %
2 1 -3 100

. 11 -4 100

«1 5100 -4

Linear correlation coefficients in %

100 100

10_Min_h_Pt
_Max_IPCHI2
Max_TRACK
-3 4100 -5 11

3_FD_ORIVX

HI2_OWNPV | = 7 3 100

HI2_OWNPY
=ENDVERTEX =ZNDVERTEX g - 4 2 100
ENDVERTEX K 12 100 $=2
phi_1020_PT g -6 . 100 1928 4

110_8_s0_PT 12 -4 100. 2 10

ENDVERTEX

110_B_s0_PT

IRA_OWNPY IRA_OWNPV 14100 4 -6 3 6 5 13 -6 21
_FD_OWNPYV JUDROTIY =3 100 44 42 -6 -6 .2 . 14
ENDVERTEX 2 8 10. 21 9. .29 8 4 2 ENDVERTEX [gIVE: ] 7 13 9 3 2 . 2 .25 4 158

-100 -10
%50 o n“’&r4 'ac fh e’ac 5 5. #g &4‘1&# " 80 o ‘0&14 s lac‘ °11c§ $ac | 5# &‘g&* 1 h
Chi, P P

2011 2K27 case
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Correlation matrix of BDT’s variables

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %

100

10_Min_h_Pt . 19 3 3 -7 B 10_Min_h_Pt

Max_TRACK -2 1 5 1 1 100 Max_TRACK 3 4 4 2
Max IPCHI2 a3 2 . 7 100 Max_IPGHI2

3_FD_ORIVX a4 7 6 -5 100 1 7 B 3_FD_ORIVX
HI2_OWNPY 4 8 1 3 100 -5 - 1
ENDVERTEX 3 3 110073 2

E <
HI2_ OWNPY. 4. 4 2 1

ZNDVERTEX | 3 10 7
ENDVERTEX 2 2 10001 1
phi_1020_PT |1 .100 2 3 8

ENDVERTEX [ S b2 Sl L E AR
phi_1020_PT 6 -7 .100 8

10_B_s0_PT [FHE L) 100- 2 3 4 - 110_B_s0_PT | ki i E 100. 11
IRA_OWNPY [0 RTIE 41 9 5.2 IRA_OWNPV |1 ROIE 1
RO 2100 397 191 5 4 3 . 20. 1 2 _FD_ownev [FPRRIE i

ENDVERTEX [ISVRSFHE S ) 6.20 5 19 2 7 2 ENDVERTEX EIIVESPEEE k] 17

-100
8508 509 50 400754007 flac P ,8lac flac ooy May
&, D050 p- 1S IS RIS IO
MR

o

8.5 8 508 50 4007, £0078ta0 BN ,8lac Slac ooy May booy
0. &N DIRD B (0 py 7S L0200 S InS D R TFa 0 M
R R

%&%"”"\h

D) 1R
L e

2012 47 case

Linear correlation coefficients in %
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Correlation matrix of BDT’s variables

Correlation Matrix (signal)

Linear correlation coefficients in %

10_Min_h_Pt
Max_TRACK
_Max_IPGHI2
3_FD_ORIVX
HI2_OWNPY
ENDVERTEX
=NDVERTEX
phi_1020_PT
110_B_s0_PT
IRA_OWNPY
_FD_OWNPY
ENDVERTEX

8 508 5p 8 sp 40074007 Slac Ohi Sl Slac oo Ma
S Rl
(2

lay £0a7,
R M Mi
@zéf@g@%’;g;%?&ﬁ \h

Correlation Matrix (background)

Linear correlation coefficients in %

100 100
10_Min_h_Pt - =3 1.5 2100

Max_TRACK 2 5 . 8 .4 100

13 16 -4
-8
HI2_OWNPV
=ZNDVERTEX o 7

ENDVERTEX o 10 8 100

a6 7Bl s
12 -3 11 100. 10

IRA_OWNPV S I P AR ) F |

phi_1020_PT
110_B_s0_PT

_FD_OWNPV 100 17 -3 6 -1

ENDVERTEX [} 1 .12 -1 16

-100 -100

o

8.5 8 508 50 4007, £0078ta0 BN ,8lac Slac ooy May booy
. &9 DIRL & o 100 S T SUED s a9y,
R B

o R

2011 47 case
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Background rejection for different method

Background relectlon versus Signal efflciency

TMVA
e A=
2 C
s 09F
) C MVANethod: |
.; 0.8 - : BDT
S - BRIG ]
9 g7 . BOY ]
o —— SVM ]
S - ———— BDTMitFi ]
& 0.6 i RiileFit =
= MLP | ]
0.5 Likelihood -
C = BoostedFisher 7
0.4LC Fishet -
T  —— PDERS ]
C FDA GA ]
0.3 - —— Cuts ]
0-27II\I 1111 1111 1111 1111 1111 1111 111 1111 11117
0 01 0.2 0.3 04 05 06 07 0.8 0.9 1

Signal efficiency

88 /27



BDT and PID output optimization

@ The optimization is only to remove maximum of combinatorial
background

Figure of merit

@ Procedure of optimization:

FoM = ﬁ, where ; LH/ 1 } (]

S = Number of B — 4h¢ event ; <+> Tl I
fitted (Gaussian) R x
B = Number of combinatorial g ﬂ/ ZT

background fitted (Exponential)

015 01 -005 005 01 015 02 025 03
BDT response 2012 4rtcase

1) BDT: Optimization of the FoM done separately for the year and the decay
mode

2) ProbNN cut done with 2012 47 case:

@ K from ¢: ProbNNk > 0.1 ; ProbNNpi < 0.7
@ 7 from ne: ProbNNk < 0.6 ; ProbNNpi > 0.225
@ K from n¢: ProbNNk > 0.13 (Stripping line cut)
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Stripping 21, cut-based preselection (1/2)

@ Efficiency of individual cut with MC:
MC2012 Sim08e Signal decay BY — 7c (KK7r) ¢ (KK)

Variable Cut Efficiency (%)
KT of ne
PT [MeV ] > 250.0 97.76 + 0.07
IPCHI2_OWNPV > 4.0 88.09 + 015
ProbNNk > 0.13 93.93 + o
TRACK_CHI2NDOF < 3.0 100 + 000
K™ of me
PT [MeV ] > 250.0 97.79 + 0.07
IPCHI2_OWNPV > 4.0 88.31 + 015
ProbNNk > 0.13 93.91 + o
TRACK_CHI2NDOF < 3.0 100 + 000
T of ne
PT [MeV ] > 250.0 9434 £+ oM
IPCHI2_OWNPV > 4.0 88.61 + 015
ProbNNpi > 0.2 97.90 4+ 007
TRACK_CHI2NDOF < 3.0 100 + 000
7 of ne
PT [MeV ] > 250.0 9440 £+ 011
IPCHI2_OWNPV > 4.0 8897 4+  0.15
ProbNNpi > 0.2 97.97 4+ 007
TRACK_CHI2NDOF < 3.0 100 + 000
nc
SPT(KT, K~ , =T, n ) [MeV] > 2500.0 96.79 + 0.08
S IPCHI2_OWNPV (KT, K~ , =t , = ™) > 30.0 93.03 + 0.12
IPCHI2_OWNPV > 2.0 94.32 + om
MM [ MeV ] < 3071.0 | 96.13 + 0.09
MM [ MeV | > 2891.0 | 96.35 + 0.09
ENDVERTEX_CHI2/NDOF < 9.0 99.70 + 003
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Stripping 21, cut-based preselection (2/2)

@ MC2012 Sim08e Signal decay BS — 7, (KKnr) ¢ (KK)

Variable Cut Efficiency (%)
KT of ¢
PT > 500.0 92.36 + 0.13
IPCHI2_OWNPV > 4.0 91.35 + 0.13
PIDK > 0.0 96.68 + 0.08
K~ of ¢
PT > 500.0 92.20 + 0.13
IPCHI2_OWNPV > 4.0 91.34 + 0.13
PIDK > 0.0 96.73 + 0.08
¢
PT[MeV] > 800.0 95.53 + 0.10
DOCACHI2 < 30.0 99.96 + 0.01
IPCHI2_OWNPV > 2.0 95.09 + 0.10
MM [MeV | < 1049.455 96.48 + 0.09
MM [MeV | > 989.455 100 + 0.00
ENDVERTEX_CHI2 < 9.0 95.81 + 0.09
Y
MM [ MeV | < 5866.77 100 + 0.00
MM [MeV | > 4866.77 100 + 0.00
DIRA_OWNPV > 0.99 98.13 + 0.06
ENDVERTEX_CHI2/NDOF < 25.0 100 + 0.00
B = neo 3707 4+ 023
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Stripping 21, final selection with BDT

@ BDT trained with:
@ Signal: MC 2012 TRUEID events
@ Background: real data 2012 Down BHADRONCOMPLEEVENT.DST
—Upper Side Band: invariante mass of 6 hadrons in [5800;6000] MeV

@ List of variables used:
@ PT of all particles except of BY
@ IPCHI2 of all particles
@ Decay time of BY, and vertex fit as returned by the DTF with PV constraint
@ Direction angle (DIRA)

BDT works better than BDTG — BDT efficiency: 95.54% (BDT response > 0)
€tor = 37.07% x 95.54% = 35.41%

TMVA overtraining check for classifier: BDT
Background relection versus Signal efficiency Mva ] TMVA
T T g i ‘Signdl (test sample} T

H77] Background (test sample)
1 nov test: signal probability = D.818 (0.616)
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Variables ranked by the BDT (Stripping 21)

Rank Variable Importance
1 B_DIRA_OWNPV 8.549x 102
2 sqrt(B_IPCHI2_OWNPV) 8.206x1072
3 log(Etac_PT) 7.773x1072
4 log(Phi_PT) 6.085x 102
5 B_LOKI_FDS 5.679x1072
6 Etac_ ENDVERTEX_CHI2 5.429% 102
7 EtacSumIPCHI2 4.604x1072
8 log(Km_Etac_PT) 4.441x10-2
9 sqgrt(Phi_IPCHI2_OWNPYV) 4.369x1072
10 log(Kp_Phi_PT) 4.343x1072
11 Phi_ENDVERTEX_CHI2 4.256x1072
12 log(Pim_Etac_PT) 4.208x1072
13 log(Kp_Etac_PT) 4.150%x10~2
14 log(Km_Phi_PT) 4.060x10~2
15 log(Pip_Etac_PT) 3.722x1072
16 sqrt(Pip_Etac_IPCHI2_OWNPV) | 3.354x10~2
17 sgrt(Pim_Etac_IPCHI2_OWNPV) | 3.332x10—2
18 sgrt(Kp_Phi_IPCHI2_OWNPV) 3.070x1072
19 sgrt(Etac_IPCHI2_OWNPV) 2.942x1072
20 sgrt(Km_Phi_IPCHI2_OWNPV) 2.634x1072
21 sqrt(Kp_Etac_IPCHI2_OWNPV) | 2.541x10~2
22 sgrt(Km_Etac_IPCHI2_OWNPV) 1.419%x 102
23 B_PVFit_chi2 8.331x10~3
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Distributions of the variables included in the BDT

Q5 /27



Mpp histogram

@ MC Sim08e with Stripping 21 line and final selection:
BY — no(4h)o(KK) (blue)

@ Real data Stripping 21(r1) BHADRON.MDST
StrippingBs2EtacPhiBDTLine and final selection (red)
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mun: Data versus MC

4K_part0_partl_part2_part3_parts 4K_part0_partl_part2_part4
N h_MC o h_data
& F Entries 2595 8 F Entries 264
g 02 Mean 4311 %o Mean 3466
s F RMS 1928 5 RMS 292
Zo.a8— 2
016 ox
014
012 +
o °° +
E + 0.0 +
Pl d . ) i
002 ;Hj:iﬂ» .
= | i [ | Bl | | ! | !
3000 3500 2000 4500 5000 55 2000 2500 3000 3500 4000 4500 5000
M(5h)[MeVic’] M(ah)[MeV/c?’]
4K_part0_partl_part2_part4_parts 4K_part0_partl_part2_parts
N h_data o h_data
N0.16[— Entries. 264 Do.18[- Entries. 264
g F Mean 4449 g Mean 3468
So.1a— RMS 321.2 S0, RMS 2925
201 2
012 o
o 1; 0.1
0.08— +
ool 0.0 +
E + 00 +
004 +‘|+ ‘~> ++ ‘~$
E 0.0 +
E +
o. 02E N + Jﬂi :Hji%(r + 00 ‘H: i -» +
o it A + —
C 1 | ! =} 1 | ! | !
3000 3500 2000 4500 2000 2500 3000 3500 4000 4500 5000
M(ah)[MeV/c’]

000 55
M(5h)[MeVic’]

QR /27



mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC

4pi_part0_partl_part4_part5 4pi_part0_partl_part5

°
2
F [ AN A N A A
1,
¥
HE =
Z%t §
o
T
++—o—

1 | !
2500 3000 3500 4000 0 1000 1500 2000 2500 3000
M(Ah)[MeV/cz] M(3h)[MeV/c?]

4pi_part0_part2 4pi_part0_part2_part3
L En
lean s [ Mean 2070
| RMS 508.3
0.08— <|J:+
¥$% L #ﬂ»ﬂ» i
ooa—
+i g ;ﬁ
+ [
0.02] L

ﬁ* h

—t oftert— -+

N
8
8

o
2
I
i
il
i
[
s
[l
=+
—
T

| | ! | 1 E
500 1000 1500 2000 2500 500 To66 oo 70600 700 3000
M(2h)[MeVic?] M(3n)[MeV/c?]

114 /27



mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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mun: Data versus MC
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Fit result



Fit 3D result: shape parameters

skckcloistisiolol

** 18 **HESSE 1.55e+04
Atttk

COVARIANGE MATRIX CALCULATED SUCCESSFULLY

FCN=26369.8 FROMHESSE  STATUS=0K 592 CALLS 1624 TOTAL
EDM=0.000280878 STRATEGY=1 ERROR MATRIX ACCURATE

EXT PARAMETER INTERNAL  INTERNAL

NO. NAME  VALUE ERROR STEP SIZE VALUE

1 Bs_kNR_4h 4.45032e-04 5.08227e-04 1.92524e-06 4.45032e-04

2 EtacMean 2.98242e+03 2.02580e+00 4.51499e-04 121065e-01
3 PhiMean 1.01987e+03 7.49549e-02 8.29745e-05 -6.57696e-03
4 Resolution_2h_Phi 1.01830e+00 1.44557e-01 1.43643e-04 -1.11559e+00
5 Resolution_d4h_Etag 9.56109e+00 3.38626e+00 1,50498e-03 -9.89937e-02
6 lpam  5.28666e+03 3.03718e+00 2.97948e-03 9.83070e-01
7 lpa_m_jpsi 3.09977e+03 7.71660e-01 831897e-04 5.86949e-01
8 jpams 5.37021e+03 4.48713e-01 52373le-04 6.96243e-01
9 ipa_s_ipsi 1.16669e+01 9.83529e-01 1.07406e-03 4.76957e-02
10 jpa_ss  158120e+01 4.98654e-01 4.05794e-04 1.63116e-01
11 kCombl_4hPhi -7.97820e-03 563442e-04 108512e-06 -7.97820e-04
12 kCombi 4h KK 2.01685e-03 5.98946e-04 1.20985e-05 2.01685e-03
13 kCombi 4h_Phi 9.12797e-04 4.12646e-04 8.29276e-06 9.12797e-04
14 kCombi 6h -651162e-03 7.13198e-04 1.43842e-06 -6.51162e-04
15 kS\Waves 2h -2.43473e-04 1.89154e-02 3.21894e-05 -2.43473e-05
16 ks\Waves_2h_Compi 1.85808e-02 3.07654e-03 1.25897e-06 1.85808e-03
17 kS\aves 2h_NR 6.41926e-03 7.04879e-03 1.29737e-05 6.41926e-04
18 nBd2Etackic” 2.75709e-07 1.98394e+01 2.67593e-02 -1.57099e+00

WARNING - - ABOVE PARAMETER IS AT LIMIT,
19 nBd2EtacPhi 4.89550e+00 1.66666e+0l 4.69704e-03 -7.39114e-01
20 nBd2JpsikK 1.40874e+01 8.81089e+00 2.46863e-03 -6.08806e-02
21 nBd2JpsiPhi 279219e-07 197273e+01 2.65676e-02 -157099&+00
WARNING - - ABOVE PARAMETER IS AT LIMIT,
22 NBA2NRKK ~5.36808e+01 2.26201e+01 165632e-03 7.36826e-02
23 nBd2NRPhi 8.60906e+01 3.43597e+01 5.01615€-03 -1,39546e-01
24 nBs2EtackK 3.61269e+01 2.09088e+01 9.84860e-04 -6.92847e-01
25 nBs2EtacPhi 3.56710e+02 3.69032e+01 42299804 1.90179e-01
26 nBs2jpsikiK 1.16035e+01 1.51020e+01 1.65887e-03 -8.75602e-01
27 nBs2jpsiPhi 3.63616e+02 2.92794e+01 3.58434e-04 2,13675e-01
28 nBs2NRKK 1.95326e+02 355106e+01 4.73068e-04 -2.20476e-01
29 nBs2NRPhi 6.14300e+02 5.538l4e+01 3.43670e-04 2.30640e-01
30 nCombikK 660799e+02 4.70448e+01 3.41370e-04 3.27417e-01
31 nCombiPhl 1.13375e+03 5.97768e+01 2.97169e-04 5.37123e-01
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2D Fit result: shape parameters

COVARIANCE MATRIX CALCULATED SUCCESSFULLY

ECN=5981.3 FROMHESSE ~ STATUS=0K 166 CALLS 941 TOTAL
EDM=3.66594e-05 STRATEGY=1  ERROR MATRIX ACCURATE

EXT PARAMETER INTERNAL ~ INTERNAL

NO. NAME  VALUE ERROR STEP SIZE VALUE

1 PhiMean  1.01987e+03 7.40817e-02 7.90800e-06 -6.53456e-03

2 Resolution_2h Phi 1.01398e+00 1.44654e-01 6.85736e-05 -1.11657e+00
3 jpam  5028478e+03 2.88298e+00 7.32257e-04 6.40396e-01

4 jpams  537016e+03 4.58667e-01 2,52379¢-04 6,83143e-01

5 pass 1.62201e+01 532643e-01 2.06191e-04 2,46515¢-01

6 KKCombl_4hPhi -B.16386e-03 5,96615¢-04 1,07733¢-07 -8,16387¢-04

7 KkCombl_6h -6.54176e-03 7.186432-04 1.37600e-07 -6.54176e-04

8 KSWaves 2h 5.85377e-03 5.27589¢-03 508088e-06 5.85377e-04

9 [SWaves 2h_Combl 1.82499e-02 3.05348e-03 5.99096e-07 1.82500e-03
10 pBAKK ~ 6.44114e+01 2.415152+01 4,34404e-04 -3,63862¢-01

11 pBdPhi  1.07427e+02 2.96334e+01 2,35664e-04 -6,06861e-01

12 nBsiK  2.47782e402 3.21815e+01 2,31978e-04 -8,87079¢-03

13 nBsPhi  1.35466e+03 5.01202e+01 6.05650e-05 -0.70473e-02

14 nComblKK  6.62604e+02 4.77496e+01 1.63388¢-04 3.31232e-01

15 nComblPhi  1.09412e+03 5.94849e+01 1.36533e-04 4.76677e-01

141 /27



sFit result: shape parameters

ECN=-815.139 FROM MIGRAD  STATUS=CONVERGED 111 CALLS 437 TOTAL

EDM=3.37148e-07 STRATEGY=1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST

NO. NAME  WALUE ERROR SIZE  DERIVATIVE

1 Bs KNR_4h  3.57690e-04 4.85025e-04 B8.68871e-06 5.31541e-01

2 EtacMean 2.98374e+03 1.93867e+00 1.92021e-03 -1.04733e-03

3 Resolution_4h_Frac 9.98833e+00 3.28558e+00 6.41213e-03 -9.02455e-05
4 jpa m_jpsi 3.09946e+03 6.74731e-01 3.0638%-03 4.7897%-04

5 jpa s jpsi 1.10558e+01 8.47293e-01 4.21921e-03 -7.06240e-04

6 nBs2EtacPhi 3.59376e+02 3.07600e+01 3.33422e-05 1.96271e-02

7 nBs2JpsiPhi 3.66558e+02 2.53460e+01 2.89690e-05 -1.88946e-01

8 nBs2NRPhi  6.28713e+02 4.1547%e+01 2.44196e-05 -2.5126%e-01
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