Measurement of CP-violating phase ¢ in B — J /¢ channel
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CPV - Why care ?

316 BANG scue

ASYMmetRy

The matter of Antimatter!
@ Where did all the antimatter go?

@ What caused that tiny
imbalance?

o Why matter was preferred?
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CPV - Why care 7
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The matter of Antimatter!
@ Where did all the antimatter go?

@ What caused that tiny
imbalance?

o Why matter was preferred?

Hunting the Asymmetry! \/wﬁiﬂ?
eal interactions
g © Baryon number violation
25 © Breaking of C & CP symmetries
n 2
a © 1 & 2 to occur in non-thermal
< equil. phase

Cartoon shown by N. Cabibbo in 1966..
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CP Violation in the SM

@ Source of CPV: the complex phase in CKM matrix
Vad Vs Vi 1—A2/2 A AX3(p
Vg Ve Vg A~ —A 1—A2)2 AN?
Vie  Vis Vi AN (1—p —AN? 1

Wolfenstein, PRL 51, 1945 (1983)

@ Types of CP violation :

I. Direct CPV in decay Il. Indirect CPV in mixing Ill. CPV in interference

2

This talk : CP Violation in B; — J/1¢ due to interference of direct and indirect CPV!J
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Introduction

@ ¢ : CP violating phase arising from the interference between direct B_? decays to a
CP final state and decays through Bg — B? mixing to the same final state.

" v Vo 1 Ve s s Pdecay

| %< By v OEY Prnix I J/w ¢(1020)
: ‘ ] B s Vit W b - /
A B(s) _¢decay

Mixing : ¢mix = 2arg( Vi VL)
Decay : ¢decay = arg( Veb Vc*s) bs = Pmix — 2¢decay

o PSS is related to CKM elements (Bs UT = Vs Vi, + Ve VI + Vis Vi)

° Pps ~ —2fBs = —Zarg( \‘;tsv*

e SM Prediction ¢; = —36. 96+g gi mrad [CKMFitter]

¢s = M + ¢NP = Excellent probe for BSM Physics! |
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http://ckmfitter.in2p3.fr/www/results/plots_summer19/num/ckmEval_results_summer19.html

¢s in Bs — J/1¢$(1020)

@ A ‘golden channel” to measure ¢!
o Easier to reconstruct with high S/B

o Excellent triggers sensitive to the final state S — 1 A n—P— D

) _ 0 vY(NP)A B

o New Physics can alter ¢5 up to 10% via new £ _ Q _ B
particles contributing to the BY — B? mixing box b W s

[JHEP04(2010)031]

HFLAV
706 201

@ Same model can be used to measure several other To
interesting observables: g oo (T
M = %, Al =T —Ty, Arng:(rnH—mL)2 CMS 19.7 fb
e Decay width measurement gives interesting test of
the theory (Aly = 0.091 4 0.013ps 1)

LHCb 3 fb~*
ATLAS 19.2 fb !

o State of the art : Results in agreement with SM
but poor sensitivity (experimental uncertainty much S
higher than theoretical one)

Ref: HFLAV PDG
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https://link.springer.com/article/10.1007/JHEP04(2010)031
https://www.slac.stanford.edu/xorg/hflav/osc/publication_2017/##CPV

© Analysis strategy
@ The Apparatus
@ Event selection & reconstruction
@ Flavor tagging
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BY — J/¢(1020) — ptpu~ KTK~: Analysis strategy

o BY, BY mesons decay to the same final state

e Final state: admixture of CP-even (L=0, 2) and odd (L=1) states
@ Need angular analysis to disentangle the two components
Ingredients:

@ Angular variables

¢ rest frame

Yr
e 01 : polar angle of u™ in the J/1) rest frame
] d)T .

azimuthal angle of pt in the J/1 rest frame
o 17 : helicity angle of K™ in the ¢ rest frame

o Proper decay time of the B? meson

J/y rest frame
e Flavor tagging to infer flavor of the B meson at
production

An unbinned maximume-likelihood fit is performed on data extracting
the parameters of interest.

Samadhan Kamble
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Where to study it?

What do we need to fulfil this program?
o High statistics of B mesons
@ Good charge track reconstruction

o Triggers sensitive to final states
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https://cdsweb.cern.ch/record/922757/files/lhcc-2006-001.pdf
https://cdsweb.cern.ch/record/922757/files/lhcc-2006-001.pdf
https://commons.wikimedia.org/wiki/File:Schema_transverse_cms.png

Where to study it?

What do we need to fulfil this program?
o High statistics of B mesons
@ Good charge track reconstruction

o Triggers sensitive to final states

The Compact Muon Solenoid (CMS)

SUPERCONDUCTING
colL

CALORIMETERS
ECAL Scintillating POWO ,
Crystals

HCAL Plastic scintillator
copper
sandwich

Total weight : 12,500t

Overall diameter : 15 m
Overall length : 21.6 m
Magretic field : 4 Tesia

IRON YOKE

Silicon Microstrips.
Pixels

strips

Cathode Strip Chambers ( GSC)
Resistive Plate Chambers ( RPC)

Drift Tube: Resistive Plate

Chambers (DT) Ghambers (RPC)

An overview of the CMS detector (CERN TDR)
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Ans: The CMS experiment at LHC! LHcc(2008)001]

v high cross section, energy and luminosity
v’ robust tracker and muon systems
v’ flexible trigger system

Muon-Detectors: Identification
and precise momentum
measurement of muons outside
of the magnet

Tracker: Precise measurement
of track and of
charged particles due to
magnetic field

Calorimeter: Energy

of photons,
electrons and hadrons
through total absorption

Vertex: Innermost
tracking detector

)

Good energy
resolution up to
highest energies

Radiation hard
(hadron collider)

Transverse slice
through CMS

Transverse slice of the CMS detector (Source: Wikimedia)
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Event selection and reconstruction

Trigger strategy

@ J/+p — utp~ candidate plus an additional p used to tag the B?
flavour

@ allows for an improved tagging efficiency at the cost of a reduced
number of selected signal events

I. J/’lp — l,l/+l.,l,_ Ill. Bg — J/¢¢ Source: CMS rnages gallery

muon pair emerging from a common uT ™ and KT K~ tracks subjected to cus sBA " (13 TeV)
. . . . y el
displaced vertex with: a combined vertex kinematic fit with: _ 3500F T T T ]
D $ Data
° pi >3.5GeV, [t < 2.4, e displaced secondary decay = 3000 T;iitgnal E
o |myi,- — mPDG| < 150 MeV vertex %2500— Comb. bkg E
cr i py > 11GeV, cr® > 70um § 20007 TN .
. . 0 W 1500 =
T — ® consistent with B] mass - 3 E
Il. & — K™K 5240 < m(K+*K~ptp~) < 1000 /o
- - 500F A E
kaon pair from a displaced vertex 5490 MeV 0 .
with presections: Data 5 _(:,E*.ﬂ,‘g‘m,g ‘@*’c}g‘#}.}‘ﬁmﬁéﬂ%
e pX >1.2GeV, [nK| < 2.5 = - 525 53 535 54 545
o _ mPPS| < 10 Mev L = 96.4fb—1: p-p collisions at /s = MY K'K) (GeV)
KrK= $1020 ) | 13TeV collected in 2016 & 17
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https://home.cern/resources/image/experiments/cms-images-gallery

Flavor tagging

o Identifying flavor of a given (neutral) particle (e.g., distinguish B? from B?)
o greatly improves precision of ¢

e OS (opposite-side) muon tagger: . -

o Use b— b correlation = initial BY flavour
e Exploit the complementary b-quark 5

signal side
decays: b — uX ”_'<‘_" tag side

e Diluted by oscillations, pileup, cascade b

q W) tag muon

e Developed : simulated Bg — J/Yo Loy
o Calibrated : self-tagged B* — J/9K=*

Figures of merit

Data set Etag Wrag Prag

» Efficiency, €rag = Nrag/Neot 2017  (457+01)% (27.1+£01)%  (9.6+£0.1)%

¢ Mistag fraction, Wiag = Nwrongtag/Ntag 2018 (50.9+0.1)% (27.3+£0.1)%  (10.5+0.1)%

Y Tagg|ng power, Ptag — etag(l — 2wtag)2 Run-1 (831 1003)% (30.2i0.3)% (131 =1 003)%

Final tagging performance measured in data using B — J/L&Ki
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Maximum Likelihood Fit

@ The model parameters are estimated using an unbinned maximum likelihood fit
@ The information used by the fit includes the following variables describing the

BY — J/1¢ candidates:

Input observables

® Mass, Mgo
s

q Ly Mgo
® Proper decay time, tgp = ——=
s

Pt
® 3 angles between final state particles in
transversity basis Q(cos 7, cos Y1, d1)

e Flavor tag information

Physics parameters

CPV phase, ¢s
Decay widths: s, Al

mass difference, Amg

CP-state decay amplitudes and their
phases

o Likelihood function: components describing the signal and bkg contributions (combinatorial

and peaking bkg, dominated by B — J/yK%, — ptp~Kta™)

CMs

96.4 b (13 TeV)

CMs

96.4 b (13 TeV)

Events / 0.02
Events /0.02

—-Peaking bkg

96.4 fb' (13 TeV)

5 jgomxwmvm.wfwm] ) }éwe,ww,mw.‘a‘m,«mj 5 3['«,0&4*%«-%,«:«».«&«/@
] 05 0 05 1 -1 05 0 05 1 = ET) 0 2 s
cos 6, cos ¢ % (rad)

The angular distributions for the B candidates
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Outline

© Results

@ Conclusion
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Parameter \ Fit value \ Stat. \ Syst.

¢s[mrad] -11 +50 +10 po o

Al [ps~!] 0.114 | +0.014 | 40.007 #3" = —36.967¢ g, mrad
Ms[ps™!] 0.6531 | £0.0042 | -£0.0024 Arg" =0.1032 + 0.013 ps~!
Amglhps~t] | 17.51 +0.10 +0.03

Al 0.972 | £0.026 | 40.008

Table: Results of the fit to data

CMS 19.7 + 96.4 fb” (8 + 13 TeV)
E ]

Combination with 8 TeV results g O e e revaaasmeol
~0.18F 8 TeV data 68% CL 3
The results are combined with those from the previous anal- B 0t6E 1 <t E
ysis at /s = 8TeV [Phys. Lett. B 757 (2016) 97] o ™ E
@ The combination is in agreement with the SM 012" Y :
bs = -21 £44 £10 mrad o1 &H ]
AT, = 0.1032 +0.0095 +-0.0048 ps—! 008} ]

0.06[- ]

@ Increased tag accuracy due new trigger strategy
improved ¢ uncertainty

C 1 Il Il 1 1
-400 -200 0 200 400
¢5 (mrad)

2-D likelihood, contours in-¢s —Al s-plane
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https://www.sciencedirect.com/science/article/pii/S037026931630017X

Summary & Outlook

@ The CPV phase ¢s and decay width difference Al are measured using 48,500 BsJ /)¢
candidates at /s = 13 TeV, corresponding to L;,; = 96.4 b1

New trigger strategy + Novel OS-u tagger = Improved sensitivity + Reduced statistic |

@ Results are consistent with the Standard Model predictions
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Summary & Outlook

@ The CPV phase ¢s and decay width difference Al are measured using 48,500 BsJ /)¢
candidates at /s = 13 TeV, corresponding to L;,; = 96.4 b1

New trigger strategy + Novel OS-u tagger = Improved sensitivity + Reduced statistic |

@ Results are consistent with the Standard Model predictions

e CMS plans to analyze the full Run-2 dataset v,
o Jet flavour tagging algorithm

UNDER
CONSTRUCTION
LUVLLAURATRAAY

’ -5 -5
\ &
Dog b-Dog bbar-Dog

Red dogs vs Green dogs with B/W photos!
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Thank YOU.!
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*Acknowledgement: Some information is adapted from Alberto and Ali's talk!
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Greatness of the SM in a slide!

June 2021 CMS Preliminary
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All results at: http://cern.ch/go/pNj7 2 fducal i e H P
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CMS co-ordinate system

T~ center of

the LHC

A cylindrical detector

n=0
y n = 0.55
n = 0.88
6 = 90°
0 = 60° n=1.32
0 = 45°
0 = 30°
Jura
LHCh n=244
0 = 10°

ATLAS

H:()o—z>77:OO

-« : - A ‘\' ‘
CMS at LHC Pseudorapidity on-a,2D coordinate-axis
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CMS simulation

Physics
Generators

e Geomelry/
‘;@ - Mz?erial Geant 4 CMS Eull
i Description N U
Simulation
Simulated Hits
from Pileup

Interactions

Simulated I
Raw Data

Alternatively: CMS "Fast Simulation” is a slightly less realistic but
much faster simulation of low-level objects (hits, clusters)
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Price for higher luminosity!

Samadhan Kamble

5:29.192000 GMT

~35 vertices = 40 collisions = pile-up
~2'000 tracks
per collision bunch (40MHz)

~200 vertices
~10°000 tracks per collision
40 MHz

e-next-stage/
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