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Topics

Measurement of the CP-violating phase ¢s and

the B, meson decay width difference with

B} — J/v¢ decays in ATLAS
arXiv:1601.03297, Submitted to JHEP

Measurement of the relative width difference of
the BY- BY system with the ATLAS detector &

arXiv:1605.07485, Submitted to JHEP Q



The ATLAS Detector
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reducing the rate

| \__ Tile calorimeters from 40 MHz
\ LAr hadronic end-cap and to ~200 HZ
ro\

forward calorimeters

Pixel detecto

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

4 )
EM Calorimeter:
Pb-LAr accordion
6/’7 trigger, identification and measurement
Resolution:
L o/E ~ 10%/VE )
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CP Violation in BY — J/¢¢

CPV due to interference between:
direct decay BY — J/¢
flavour oscillation BY — BY — J/vy¢

CP violating phase Ps weak phase difference between the b — ccs decay amplitude
and the BY - BY mixing amplitude

Vis Vi

SM prediction: s ~ —2F5 = 2arg(—v e
€S ¥ cb

) — —003631_888}?) Phys. Rev. D 84 (2011) 033005

¢s can be modified significantly by new physics: ¢, = ¢ + 99"

Precise measurements of ¢ by the LHC experiments have
considerably reduced the possible amount of new physics contribution

Bg meson decay width difference Al'y =1y —I'y
prediction: AT’y = 0.087 #+0.021 ps~* 1024274 o
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Analysis of ATLAS Run-| Data

The analysis of the 2011 at /s = 7 TeV and 2012 at /s = 8 TeV
data samples completed

The results obtained with the 201 | data published:
Phys. Rev. D90 (2014) 052007

bs = 0.12 -

- ().25(stat) -

AT, = 0.053 % 0.021(st

- 0.05(syst)
at) + 0.010(syst)

The results obtained with the 2012 data released recently

arXi1v:1601.0

3297

and are discussed in more detail

Combination of the 201 | and 2012 results
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BY — J /¢ Reconstruction

Events selected using dimuon triggers pr >4 or 6 GeV
J/1 from fit to pairs of muons

¢ — KTK~ reconstructed from pairs of oppositely charged tracks
pr > 1 GeV ’77’ < 2.9

By — J/v¢ four track vertex fit A10°
. . 3 [ Afas T T
with J /1 mass constraint = qo[ te=8Tev, 1430’ o Data
2 Signal
o o o o n _ O% *0
Lifetime-unbiased reconstruction L By~ JApK
L

In total 376k event candidates selected with

5.15 < m(.J/¢¢) < 5.65 GeV i

I'III|

IIII J_LI_I_.I.J_I_IJ—‘—I-*—I-—O—LI—II—EA—I—I-I—I_J_I_ L___I_J.J_I_I

about 75k signal candidates
~3.5 times that of the 201 | sample

(data-fit)/o

515 5.2 525 53 535 54 545 55 555 5.6 5.65
m(JAy KK) [GeV]

mass fit projection



B) — J/1¢ Flavour Tagging

The initial BY flavour is determined by the flavour of the opposite B meson
pr weighted sum of charges from the decay

Muon or Electron - cone charge AR < 0.5
Jet-charge - using jet with the highest value of b-tag weight

Calibrated with B~ — J/¢Y K™=

Tagger Efficiency [%] | Dilution [%] | Tagging Power [%]
Combined v} 4.12 4+ 0.02 47.4 4+ 0.2 0.92 £ 0.02
Electron 1.19 = 0.01 49.2 +£ 0.3 0.29 £ 0.01
Segment-tagged w 1.20 == 0.01 28.6 = 0.2 0.10 = 0.01
Jet-charge 13.15 £0.03 11.85 £0.03 0.19 =0.01
Total 19.66 4= 0.04 27.56 £ 0.06 1.49 £+ 0.02




B) — J/v¢ Fit Methodology

Time-dependent angular analysis

Observables:

J /1@ mass and its uncertainty
pr of the BY candidate

Proper decay length and its uncertainty
Angles describing the kinematics of the BY decay

Flavour tagging (applied probabilistically)

The properties of the B — J/1)¢ decay are obtained from an
unbinned maximum likelihood fit

Physical parameters:
¢s, Al's, I's
[Ao(0)[*, 14 (0), [As(0)[*, d1, ), 61 —ds
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Entries / /10 rad

Bg — J /1@ 2012 Fit Results

by = —0.123 -

- 0.089(stat)

AT, = 0.096 + 0.013(stat)

0.041(syst)

— 0.00?(SySt)

The fit projections of the mass, lifetime and

angles demonstrates the good quality of the fit
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AT [ps™
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Combination of 7 TeV And 8 TeV Results
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The 2011 and 2012 results

are consistent

—0.098 + 0.084(stat) £ 0.040(syst)
0.083 £ 0.011(stat) £ 0.007(syst)
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The result agrees well
with the SM prediction



Comparison with Other Experiments

Dfl 8fb~!

0.14} m .'
i Summer 2015 ]
— 0.12 _, 68% CL contours |
| j (Alog L =1.15)
&
0.10 | CDF 9.6 fb™"
" .
—
< 0.08
0.06} ATLAS 19.2 fb~"

—04  -02 00 02 '01_4'

ATLAS contour using 2015 ATLAS Preliminary results
current contour (using arXiv:1601.03297) is slightly different

Existing measurements consistent between each other and with the SM

Room for New Physics in CPV ¢
Need Run-2 and LHC upgrade



Width Difference of B/, é0$

Al'; is one of the parameters describing the time evolution of the B, system

SM prediction: AFd/Fd — (042 T 008) X 10_2 arXiv: 1102.4274 [hep-ph]

The current experimental uncertainty is too large to perform a stringent test
of the SM prediction: World average ATI'y/T'y = (0.1 +1.0) x 10~°

Relatively large variation of AI'; due to a possible New Physics contribution
would not contradict other existing SM results arko1404.2531 hepo

Additional measurements are needed to constrain this quantity and verify
or disprove the SM prediction



ATy Measurement Method

AT, is obtained from the ratio of the proper decay time distributions of
B’ — J/9Kg and B — J/9K*" decays
J/p— put T Kg—nTn™ K - Ktn~

The decay time distribution of B® — J/1/Kg depends on ATy :

ATl gt ATyt

L[t, J/Kg] oc et |cosh

+ cos(2) sinh

— Ap sin(203) sin(Amygt)

t is the proper decay time of the B meson
B is the angle of the CKM unitarity triangle
Ap is the BY meson production asymmetry

The decay time distribution of BY — J/9K*" is almost not sensitive on ALy :

ATyt
2

The B — J/9¥K* and B° — J/9K*° decays are added together

L[t, J/WK*] < e ! cosh
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ATy Measurement Method

AT'; is determined from the ratio of the two decay modes, which
helps to reduce the systematic uncertainties of the measurement

—I'4t

The factor e cancels in the ratio, increasing the sensitivity to Al'y

Same number of charged particles in the two decay modes
Some residual differences due to the displaced K g vertex

Both decay modes are triggered by the same dimuon triggers and the
other particles from the B”decay are not used in the trigger or the
proper decay time determination

B

The measurement is performed using the B’ proper decay length Liop

LB _ (xJ/QP _ xPV)pE e (yJ/w _ yPV)pyB
(Y

mpgo

The origin of the B° ('Y, 4"") is measured using a PV fit in which the decay products of the B are removed
The primary vertex which has the smallest [0z| relative to the BY trajectory is selected as the PV of B production

The position of the BY decay is defined by the J /1 decay vertex (:EJ/‘”, y']/w)

The B” momentum is determined by the vertex fit; world average used for the mass

|4



Candidates / 5 MeV

(Data - Fit)/o

AT’ Signal Extraction
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is divided into 10 bins between -0.3 and 6.0 mm

ne number of signal decays for each decay mode is determined from a fit

O = J/YK*°
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Total number of B — J/19Kg decays:~28k in 2011,~ 111k in 2012
Total number of BY — J/yK* decays: ~129k in 201 |, ~ 556k in 2012
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AT'; Ratio of Efficiencies

The numbers of B — J/1Kg and B° — J/9¥K™*® decays in each interval

are used to obtain the ratio of the Lfrop distributions of the two decays modes

The proper decay length ratio

is corrected b)’ the ratio of Ratio of reconstruction efficiencies of
the reconstruction efficiencies of BY — J/Ks and B” — J/1K*" decays
The normalisation is arbitrary
of the two decay modes 08
= OFT™ T T T ]
O — -
C 0.75F E
0.65F E
0.6 - E
The deviation of this ratio from 0.55F oo . E
the average value does not 056 —— } E
o B 0.45F =
exceed 5% for L., <2 mm 4 E
- ATLAS -
0'355_ Simulation E
0.3—| oo v e b v e b e e b e by e Ly |—6

414 0 1 2 3 4 5



BY Production Asymmetry Ap

Measured from the charge asymmetry Aobs of the BY — J/1K™*° decay as

: B
a function of L,

expected to be ~ 1%

2 0.1 ! L L A N B A
<,:O B s=7 and 8 TeV ' Ei?ta i
0.08— 1 I +1o band 4
should oscillate if there is a ) 06: det=(4'9+2°'3) fo +20 band -
° ° . I + ]
difference in the production - i
ot - -
rate between B" and B 0.04F =
0.02 ]
offset from 0 due to Aget o =
difference in the K+ — K~ - ATLAS |
recc?nst.ruct.ionefﬁciencies, —002_'1(')_"2'1'3"15' 6

no lifetime independency B
I-prOp [mm]

ATLAS result: Ap = (+0.25 4+ 0.48 4+ 0.05) x 10~




Measurement of Al',

The ratio of Lfmp distributions, corrected by the ratio of reconstruction

efficiencies is fitted to extract AI'y/T',
ATy/Tq = (—2.84+2.2 (stat.) = 1.5 (MC stat.)) x 107  (2011)
AT';/Ty = (+0.8 + 1.3 (stat.) £ 0.5 (MC stat.)) x 1072 (2012)

arbitrary normalisation

s 06— 71— 71 IR B s 06— 71— 7 1 IR B

mo O 55E ¢ I[__)ata E mo O 555 ¢ I[:)ata E

Rololny —— Fit — Rololmy —— Fit —

- \s=7 TeV P +1o band - - \s=8 TeV P s1lo band -

O.Sf_fl—dt=4-9 . +20 band 0.55—de,[=20.3 i +20 band 7

0.45F 0.45 =
0.4 0.4F

0.35F 0.35F- i

0.3 0.3 =

0.25 0.25/ =

- - ATLAS .

C Clovovov v b v v by v v by oy oy oy b by oy T

0-2 2370 T T2 3 4 s e

B B
I—prop [mm] I—prop [mm]

Combination of the 7 TeV and 8 TeV results:
AT';/Ty = (—0.1 £ 1.1 (stat.) £0.9 (syst.)) x 10~2
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Comparison with Other Experiments

The ATLAS result is consistent with other measurements of Al'y /Ty

ATy/Tg=(—0.1+£1.14009)x107% (ATLAS)

ATly/Tyg=(-44+25+1.1)x 107 (LHCb)

ATy/Tg=(+1.7+18+1.1)x 107 (Belle)

AFd/Fd — (—|-O.8 + 3.7 £ 1.8) x 1072 (Babar)

Currently it is the most precise single measurement

It is consistent with the SM prediction
AT';/Ty = (0.42 £0.08) x 10~ *




Summary

The analysis of Run-| ATLAS data reveals no anomalies in the B, — J/¢¢ decay

by = —0.098 +

0.084(813&13) T

AT’y = —0.083 -

0.040(syst)

- 0.0ll(stat) —

- 0.007(syst)

ATLAS has obtained the most precise single measurement of Al'y

ATy /Ty = (—0.1 +

1.1 (stat) + 0.

9 (syst)) x 1072

LHC Run-ll data should allow the precision of these
measurements to be considerably improved

IBL providing improved vertex resolution: o reduced by 25-30%

20
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Delivered Luminosity [fb™]

Luminosity

L [ [ [ [ [ [ [
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30: == 2011 pp \'s =7 TeV
25:_ m— 2012 pp \'s =8 TeV
20—
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O: | | |
yao ot AW

oct
Month in Year
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Recorded Luminosity [pb/0.1]
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By — J/vé

Table showing the ten time-dependent functions and the functions of the transversity angles.The amplitudes |A0(0)|2 and |AI(0)|2 are for the CP-even
components of the BOs—)/Wd decay, |A1(0)|2 is the CP-odd amplitude; they have corresponding strong phases 00, Ol and d L. By convention 90 is set to

be zero.The S-wave amplitude |AS(0)|2 gives the fraction of BOs—)/\WK+K—(f0) and has a related strong phase 0S.The * and F terms denote two cases:
the upper sign describes the decay of a meson that was initially a BOs meson, while the lower sign describes the decays of a meson that was initially B 0s.

k O(k) (t) g(k) (HTv wTv ng)
1 | 2| Ao(0)? [(1 + cos ¢s) e Tt 1 (1 — cos ¢) e it 4 9e Tt sin(Amgt) sin ¢ 2 cos? (1 — sin? 07 cos? o)
2 | LA (0)2 | (1+ cosds) e Lt 4 (1 — cos ¢g) e Tii t & 2Tt sin(Am,t) sin g, | | sin® yhr(1 — sin® 67 sin? ¢r)
3 | 3|AL(0)]*|(1— cosgs) e Tt 4+ (14 cosos) e IRt T 2e st sin(Amgt) sin ¢ | | sin® ¢ sin® 07
4 | $140(0)]]A;(0)] cosd, ' 75 Sin 247 sin® O sin 2¢7
(1 + cos¢y)e It (1 — cos ¢y) e Tt 4 9p—Tst sin(Amt) sin ¢
5 | |4,(0 )HAL( )\[2( e Tt _Fl(ﬂs)t)cos((h — Jy)) sin ¢ — sin® 7 sin 207 sin 7
+e~ ((E)m((ﬁ — g|)|) cos(Amt) — cos(d — d)) cos ¢ sin(Amit))]
6 | |Ao(0)|]AL(0)][5(e Tt — e Tr'!) cosd sin g % sin 2t sin 207 cos ¢
e st (sind, cos(Amgt) — cosd | cos ¢, sin(Amit))]
7 | 3]A4s(0)]? [(1 — cos ¢s) € It (1 + cos ¢s) e it T 2e Vst sin(Amyt) sin gbs] 2 (1 — sin® 7 cos® ¢r)
8 | [As(0)|]4;(0)][5 ( Tt _Pg)t) sin(d) — ds) sin ¢, +V6sin sin? @7 sin 2¢7
+e Vet (cos(d) — 0s) cos(Am,t) — sin(d) — dg) cos s sin(Amit))]
9 | 5]4s(0)||AL(0)|sin(dL — ds) £V/6sin Y7 sin 207 cos ¢
[(1 — coS @) € It (1+ cosgs)e Tt 9e- Vst gin(Amyt) sin %}
10 %\/gcos U (1 — sin? O cos? qu)

() O .
[ A0 (0)[|As(0)|[5 (e~ * — "L ) sin dg sin ¢,
t+e st (cos dg cos(Amgt) + sin dg cos ¢, sin(Amit))]
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Current measurement using data from 8 TeV pp collisions, the previous
measurement using data taken at centre of mass energy of 7 TeV and the

By — J/vé

values for the parameters of the two measurements, statistically combined.

8 TeV data 7 TeV data Runl combined
Par Value Stat | Syst | Value | Stat | Syst | Value Stat | Syst
¢s|rad] —0.123 | 0.089 | 0.041 | 0.12 0.25 | 0.05 | —0.098 | 0.084 | 0.040
AT [ps™1] 0.096 | 0.013 | 0.007 | 0.053 | 0.021 | 0.010 | 0.083 | 0.011 | 0.007
I [ps™ ! 0.678 | 0.004 | 0.004 | 0.677 | 0.007 | 0.004 | 0.677 | 0.003 | 0.003
\AH(O)|2 0.230 | 0.005 | 0.006 | 0.220 | 0.008 | 0.009 | 0.227 | 0.004 | 0.006
| Ap(0) 2 0.514 | 0.004 | 0.002 | 0.529 | 0.006 | 0.012 | 0.514 | 0.004 | 0.003
|Ag|? 0.090 | 0.008 | 0.020 | 0.024 | 0.014 | 0.028 | 0.071 | 0.007 | 0.017
0. [rad] 4.46 0.48 | 0.29 3.89 0.47 | 0.11 4.13 0.33 | 0.16
o) |rad] 3.15 0.13 | 0.05 3.04, 3.23] 0.09 3.15 0.13 | 0.05
60, —dg [rad] | —0.08 | 0.04 | 0.01 3.02, 3.25] 0.04 —0.08 | 0.04 | 0.01
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ATl'g Systematic Uncertainties

Source

5(AT4/Ty), 2011

5(AT4/Ty), 2012

Kg decay length 0.21 x 102 0.16 x 102

K¢ pseudorapidity 0.14 x 1072 0.01 x 1072

BY — J/¢Kg mass range 0.47 x 10~ 0.59 x 102
BY — J/¢¥K* mass range 0.30 x 102 0.15 x 102
Background description 0.16 x 102 0.09 x 102
BY — J/4¥Kg contribution 0.11 x 102 0.08 x 102
Lfmp resolution 0.29 x 10~ 0.29 x 10~

Fit bias (Toy MC) 0.07 x 1072 0.07 x 1072

Bg production asymmetry 0.01 x 10~2 0.01 x 1072
MC sample 1.54 x 102 0.45 x 1072

Total uncertainty 1.69 x 10~2 0.84 x 1072
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