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SUSY 2013 NP searches with flavour with ATLAS

outline

> ATLAS data, detector and triggers

> search for rare decays B to uu

> angular analysis of semirare decays Bq to K*uu
> CP violation measurement in Bs — J/yo

> conclusions
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SUSY 2013

NP searches with flavour with ATLAS

ATLAS

2 Tracking
U Silicon (Pixel+Semiconductor tracker)
and Transition Radiation Tracker
J 2T solenoidal field

_) Muon identification:
o Dedicated tracking chambers
2 0.5-2 T toroidal field

J bb-production mostly at large n

2 75 ATLAS Online Luminosity \s=77ev ATLAS sensitive to |n| < 2.5 region
2 o Il Deivered E » expect about ~150G B°—pairs
£ | [Jamasnecome ) ~30M Bg — J/Y@ events for 5 fb!
S S Total Delivered: 5.61 fb' ]
- Total Recorded: 5.25 fb' 9 . . .
é af- - di-muon triggers are our main tool
$ - >5fb recorded = 2 we ran with constant trigger thresholds
= b in2011 = for di-muons all across 2011
< ;
- R > 20 fb! of data collected in 2012

28/02 30/04 30/06 30/0 31/10 ) Specrflc dl_muon Selectlons
Dayin 2011 with Barrel/Endcap logic

2 new dedicated puX trigger
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SUSY 2013 NP searches with flavour with ATLAS

search for rare decays: Bs — U
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SUSY 2013 NP searches with flavour with ATLAS

search for rare decays: Bs —» pu

o flavour changing neutral currents (FCNC) are highly
suppressed in the Standard Model
U expected B — uu SM branching ratio:
(3.23 £ 0.27) 10°® Buras et al., Eur.Phys.J. C72 (2012) 2172
time-integrated expected value:
(3.54 £ 0.30) 10° K.De Bruyn et al., Phys.Rev.Lett. 109 (2012) 041801
evidences from CMS and LHCb: |
LHCDb: arXiv:1307.5024
(2.9 £ 0.7) 10° CMS and LHCb Collaborations CMS: arXiv-1307.5025

> B to pp branching ratio might be substantially

enhanced by coupling to non-SM particles
» being the SM well under control this channel
provides a powerful method to peek into NP..
.. or further constraining it.
J orthogonal search for physics beyond the
standard model: can reach higher scales
wrt the direct search
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SUSY 2013 NP searches with flavour with ATLAS

. ATLAS-CONF-2013-076
analysis strategy @ ATLAS:

4.9fb"
2 7E ATLAS Oniine Luminosity \e- \_
U Integrated luminosity 4.9 fb' used § o e 3
J Relative BR measurement: 3 f mwosessso
- partial cancellation of uncertainties: *;, : F
on luminosity, cross-section, .. S :
U reference channel (B* = J/PKE, J/P — p+-) g
- blind analysis: signal region + 300 MeV around B, gboe—ermfn 1o
2 limit placed using CLs method Dayin 2011

A
BR(B; — pp) BR(B* — J/pK*)l ol p /o

fs EBs—pp ABg—spp

» Signal extraction:
J event count in “signal region”

2 “subtraction” of sidebands: interpolation from 50% of sidebands (even events)
» Background composition:

U resonant: B - hh, with hadrons misidentified as muons estimated from MC.
Currently still negligible but included in the analysis
~ continuum: dominated by non-resonant bb production with puX final states.
Contains real muons. Has a smooth shape in the di-muon mass.
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SUSY 2013 NP searches with flavour with ATLAS

. ATLAS-CONF-2013-076
analysis strategy @ ATLAS:

> Relative BR measurement:
o partial cancellation of uncertainties:
on luminosity, cross-section, ..
Jreference channel (B* — J/yK®, J/y — W)
2 blind analysis: signal region = 300 MeV around Bs mass blinded
2 limit placed using CLs method

—
gt g/pkE At g /Kt
EBs—pp ABg—spp

1
t,7/pKt

BR(B, = up) = No, .

BR(B* — J/¢K*)%

D Efficiencies & acceptances
o derived from simulation (“calibrated” on data)

€ - A — (Nreconstructed and selected/ Ngenerated)
o reference channel (B* - J/K*) selected with as-close-as-possible selection
o systematics taken from the data-MC discrepancies in signal distributions
® BR of the reference channel and relative production rate f/f

U taken from PDG and the latest LHCDb results
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-076

background discrimination

» continuum:

J dominated by non-resonant bb production with ppX final states — real muons

J to discriminate against this background 13 discriminating variables used
in a boosted decision tree (BDT) trained on simulated events

2 best BDT configuration and selection criteria optimised on half of the
sideband data (odd events) and signal MC.

0 contamination to the signal region measured by interpolation from
sideband data into the signal region

o E o ven | o Sdebanddaa 4 O B000FE —— Sidebanddata 3
= - ATLAS Preliminary — = = =
= al —— MC bb to uuX § T 7000E= —— MC bb to puX =
w10 Vs =7 TeV E= MC signal ~ = L 6000§ E= MC signal _g
oo b Let=aot — __f=_ 5000 5_ ATLAS Preliminary _E
= 40005 s =7TeV =
2 E 3
10 3000 [Lat=aom =
1o 2000F —
1000E= =
‘I g 0 He———+t"7 -
QO 22 N O 22 ' '
?__ 1%% ‘lgﬂtﬂ ++W¢..‘ E 1.% 1
o ogptf . | | . S ogf, . . . . . Ity
8 0 0.2 04 0.6 0.8 1 8 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Isolation (ID_?) oyl [rad]

data-MC agreement for the continuum background in two of the most powerful variables
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-076

background discrimination

U continuum:

J dominated by non-resonant bb production with ppX final states — real muons

J to discriminate against this background 13 discriminating variables used
in a boosted decision tree (BDT) trained on simulated events

o best BDT configuration and selection criteria optimised on half of the
sideband data (odd events) and signal MC.

0 contamination to the signal region measured by interpolation from
sideband data into the signal region

30000_I | T T T | T T T | T T T I T T T I T T T
- e Sideband data .

. Vs=7TeV
* J L.dt=4.9 fb"

ATLAS Preliminary

MC signal

25000F

Entries /0.011

20000

15000

10000

5000

0

0.4
BDT output

background (sidebands) vs B signal (MC)
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-076

reference channel

o selections synchronised and same signal BDT used to minimise systematics
» yield extraction via unbinned maximum likelihood fit

U inclusion of per-event mass resolution om in the fit
U main systematics estimated by varying continuum background models

% ; rrrrrT e T e T 'E % :' "I""""""I""I""I""I"':
E 4500 = ATLAS Preliminary —¢— Data E = 3000:_ ATLAS Preliminary -
A 4000F \[_ =7 TeV —— Signal + background fit 3 _C_E C Vs=7TeV 7]
B O Y N I B — Jiy K" signal - 42 C ]
"gd:: 3500 E_ j Ldt = 4.9 fb ...... B* > Jyn background_z § 2500 :_ I Ldt=4.9 'ﬂ:)_1 _:
Lﬁ 3000~ F 0y emee-- Other backgrounds — L r N
- = 2000— —4— Data —]

2500 - = C —— Signal + background fit ]
20005— —E 1500:— """""" B" — Jhy K* signal —:

— - Y T Y L B™ — J/y n* background ]

1500 ;— —; 1000 I - . *R TR T TN Other backgrounds ]
1000F- = - .
500 :_ _E 500 .. ]

ok R o T e e ]

5006 51005200 5300 5400 5500 5400 O=<0 50 30 40 50 60 70 80
1 [MeV] 811, [MeV]

Nyyk+ = 15214 £ 1.1%(stat) + 2.4%(syst)
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-076

signal and CLs extraction

ATLAS Preliminary

e Data

—— B, — utw MC (10x)

U single event sensitivity: (2.07 + 0.26) 10

U systematics on the SES: 12.5%
dominated by contribution from
reference channel BR and
acceptance and efficiency ratio

U number of expected background events
in the signal window: 6.75

I = 1 1 | | :I
2 number of events observed 00 5000 5200 5400 5600 ~ 5800
. : : signal peak 10 times enhanced ,  (Mev]
in the signal window: 6 g

Events / 60 MeV

+ Observed CLs

..... Expected CLs - Median

[ Expected cLs +16

|:| Expected CLs +2 o

U expected upper limit obtained
using the number of expected
background events (6.75)

<1.610° @ 95% o

2 measured upper limit from the

number of observed events

<1.510° @ 95%

3| ATLAS Prelimina
Vs =7 TeV

Ldt=4.91b"

'4 L 1 1 L I 1 L 1 L | 1 L L L
107, ] > 3 4 5

BR(BJ — uw) [10°]
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SUSY 2013 NP searches with flavour with ATLAS

angular analysis of decays: Bqs —» K*up
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SUSY 2013

NP searches with flavour with ATLAS

angular analysis of decays: Bs —» K*up wt
_ another way to look at FCNC
» occurs through a b — s transition w
»BR ~ 1.1 10°
o angular distribution of the 4 particles B, KO
in the final state sensitive to new physics q ’

for the interference of NP and SM diagrams

_ decay described by three angles (6., 6, ¢) and the di-muon mass g?
study the 2D distributions: T

.- K+
1 d&r 3 h
- ==Fr(g®>) (1 —cos? 6.) + ‘?\ 0
[dg?dcosf; 4 L(q )( c08 L) or By \0k

% (1 —F L(qz)) (1 + cos* GL) +Arp(q°) cos O \ \MA\\ \

\
1 d’r 3 ) ) 3 i i
qudeOS o = EFL(Q )cos” Ok + 2 (1 - Fi(q ))(1 — COS GK).

U Measure forward-backward asymmetry (Ags) and longitudinal
polarization fraction (F,) with unbinned maximum likelihood fit in g2 bins

Marcella Bona. QMUL
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-038

signal observation

frrrrfrrrrfrrrrprrrrprrrrp T
© 2205 ATLASPreliminary \s=7TeV
S 200 0.04 GeV2 < of < 19.00 GeV? J Ldt=4.9 b
T 180F A
[%) - —e— Data
5 160: —— Signal fit
AT 406N, T .1 Background fit
120 — Total fit
100F- N +
80F- R
okl
~ mass fit with 0 ) Tl
Gaussian shape 20F- [, .
for the signal =PRPRPITE B Lu R PRI BT B N
including the 4300 5000 5100 5200 5300 5400 5500 5600 5700
per-candidate error m(Krup) [MeV]

and exponential shape for the background

U full di-muon mass range with J/ and @(2S) regions excluded
U signal yield: Ng, = 466 + 34
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SUSY 2013

_ Agg and F| in different regions of g2:
8 bins used defined a /a Belle
_ use unbinned maximum likelihood fit
sequential fit approach applied
use mass to separate signal
and background contributions
angular fit with yields fixed to the
results from the mass fit

430 <q° < 8.68 GeV?

V] LU B B BLELEL BLELEL BLELEL B I
o 100~ ATLAS Preliminary \s=7TeV ]
@ - 4.30 GeV® < ¢ < 8.68 GeV? _[ Ldt=4.9fb" A
% 80 —* Data -

> . .

] - — Signal fit B
L Background fit 7]

60k — Total fi ]

40|~ ]
R . 7

o0 7 —

O-I 1l I L1 1 I L1 1 I L1 1 I L1 1 I L1l I 11 1 I L1l I L1 1 I Ll I-
-1 -0.8 -06 -04 2 n 02 04 06 08 1
COSGL cos6,

Marcella Bona. QMUL

measurements of Az and F,

NP searches with flavour with ATLAS
ATLAS-CONF-2013-038

é 70 ATLAS Prellmlnary \s =7 TeV

Q }4 30 GeV? < f < 8.68 GeV? J Ldt=4.91fb"

= 60

48 —e— Data

o 50 —— Signal fit

w O F .~ 0 . Background fit
40 — Total fit

30

20

10

A

80675000 5100 5200 5300 5400 5500 5600 5700
m(Kzpp) [MeV]

S AL R LA L B LI L L
100~ ATLAS Preliminary \s=7TeV —
- 4.30 GeV? < of < 8.68 GeV? JLdt=4.9fb'1

80 [ - D.ata .
- —— Signal fit
----- Background fit

Events /0.2

60_— — Total fit ‘_:
A0 T ~— | e . —+— ... —
- e, —e— | e —

- T LIT) (TP TR T -
20— —
0- ! \ | Lol ]

PSS RS A B RS B A R A B [T BT B
-1 -08 -06 -04 -02 n 0n2 04 06 08 1
COSOx cosh)
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SUSY 2013

L L B L B BN
ATLAS Preliminar
0.8 Arg y

0.6
0.4

Ars

o
N

+
it
+—+—

\s=7 TeV
Theory

I Ldt=4.91fb" —e— ATLAS

o o o O
©® o B N O

—lII|III|III|III|III|III|III|III|III|II-I—

11 | 11 1 | 1 1 1 | 11 1 I 11 1 I 11 1 | 11 1 | 11 1 | |
4 6 8 10 12 14 16 18 20
¢ [GeV?]

O_'L
[\

NP searches with flavour with ATLAS

Theoretical prediction

results from C. Bobeth et al.

ATLAS-CONF-2013-038

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

o
'_;

IIIIIIIII|IIIWII|||IIII|IIII|IIII|IIII|IIII|IIII

T1
—

|

LI L EL AL B
ATLAS Preliminary ys=7 TeV

J Ldt=4.9fb"

Theory
—e— ATLAS

T

II|III||IIII|IIII|IIII|IIII‘IIII|IIII|IIII|III-I—

II|III|III|III|IIIIIIIIIIIlIIIlIIIlIII;

OO

2 4 6 8

12 14 16 18 20
¢? [GeV?]

U statistically limited _ ¢ range(GeV®) N Ars Fir
uncertainty 200<¢?< 430 19+ 8 0.22+028+0.14 | 0.26 + 0.18 + 0.06
430<g’< 868 88+17 | 0.24+0.13+0.01 | 037+0.11 + 0.02
J measurement 10.09 < ¢* < 12.86 138 £31 | 0.09 +0.09 + 0.03 | 0.50 + 0.09 + 0.04
consistent with 14.18<¢> <1600 32+14 | 0.48+0.19+0.05 | 028 +0.16 + 0.03
the SM prediction 1600 <> < 19.00 149+24 | 0.16+0.10+ 0.03 | 0.35 + 0.08 + 0.02
100<g®< 600 42+11 0.07+0.20+007 | 0.18+0.15+0.03
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SUSY 2013 NP searches with flavour with ATLAS

Al and @, measurement from B — J/Y@
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NP searches with flavour with ATLAS

SUSY 2013

Al's and @ measurement from Bs —» J/Q@

—~ The time evolution of the meson Bs and Bs is described by the superposition
of By and B, states, with masses mg = Amg/2 and lifetimes 's £ Al /2 .
These states deviate from defined values CP = *+ 1, as described in the

SM by the mixing phase ¢s (¢s = -2[35),
SM prediction (fit): @ =-0.0368 + 0.0018 rad
Als =0.082 + 0.021 ps!

New Physics can contribute to ¢s, and change the ratio Al's /Ams.

~ In general, the decay to a final state that is coupled to Bs and/or Bs, exhibits
fast oscillations driven by Ams. Interference between amplitudes for both

states generates CP violation, and conveys information on ¢s .

::{__f R

f,c,
Decay amphtude with mixing (¢,) Amplitude with direct decay

t,c,u

YRR ST T

h

the B/B flavour at production is now determined.

Marcella Bona. QMUL 18



SUSY 2013 NP searches with flavour with ATLAS

o ATLAS-(ZJONF—2013-039
angular analysis in Bs - J/y@ A

> N

_ in the decay Bs(Bs) — Jiwd — - K*K- + >

_ . , U; )
different components in the y ¥ "y 2 "
* ﬂ ¢ rest frame
4

angular-distributions amplitudes y
correspond to CP = +1 or -1

/_
J/Y rest frame

~ the “transversity angles” are
used to describe the angular dlstnbutlons

P analysis using data collected in 2011, corresponding to 4.9 fb-

» updated using flavour tagging: update of JHEP 12 (2012) 072

P signal extracted from a maximum I|keI|hooif'}the signal with amplitude f

In L= {w; In(fs Falms,ts, %)+ fs - fro - [Fpo(ms, ti, )
(= fo (U fp0) Foge(ma £, 00))} AInP(61)

the prompt and non-prompt combinatorial
background described with empirical angular ~ the background due to B® — J/{ K*
distribution. (No K-ttdiscrimination.) and B? - J/¢ Krwith amplitude fgo

w; describes a small trigger inefficiency (~1%)..
Marcella Bona. QMUL 19




SUSY 2013 NP searches with flavour with ATLAS
. ATLAS-CONF-2013-039
flavour tagging

J [

—~ determine flavour eigenstate of Bs meson at production
~ opposite side flavour tagging used

T L L L L I
o - ATLAS Preliminary . %)_ATLAS Preliminary

\s 7TV \'s 7TV

a5 pstecn = [P

+ s | % e 1 | Muon Tagger

| 5 9 - | | » Identify the muon
_++++_+_ | : | from semileptonic
osf- ++ Zii+ : T decay

o —— | = “55—=— | » Calculate muon

Segment Ta ged Muon -ou cone charge Q,

Z R
Z|Q 0.18F

Siz 0 1oy ATLAS Prolminary . 4 | JetCharge Tagger

_ J==== 4 | o Identify jet originating
of o from same primary

008 vertex

0.14%

0.06- u
004 | | © Calculate jet charge Qy,
QZ

~ Two different methods applied

In hierarchy of performance
Marcella Bona. QMUL 20




SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-039

flavour tagging

- determine probability that signal decay contains b as function of
Q, and Qy, using calibration sample B* — J/yK"

Tagger Efficiency [%] (| Dilution [%] [fTagging Power [%)]
Segment Tagged muon | 1.08 =0.02 36.71+0.7 0.15+0.02
Combined muon 3.37+£0.04 50.6£0.5 0.86 +0.04

Jet charge 27.7x0.1 12.68 = 0.06 0.45x£0.03
Total 32.14+0.1 21.3x0.08 1.4510.05

Efficiency ¢: fraction of successfully tagged candidates
Dilution D: 1-2w (where w is the wrong-tag fraction)
Tagging power: g D* = Zgin

Combined Muon: a muon with inner detector
and muon spectrometer track information
Segment Tagged Muon: muons with only
muon spectrometer track information

Marcella Bona. QMUL 21



Events / (0.01)

flavour tagging

 determine probability that signal decay contains b as function of
Q, and Qy, using calibration sample B* — J/yK"

Tagger Efficiency [%)] || Dilution [%)] [JTagging Power [%]
Segment Tagged muon | 1.08 =0.02 36.71+0.7 0.15+0.02
Combined muon 3.37+£0.04 50.6£0.5 0.86 +0.04
Jet charge 27.7+0.1 12.68 +0.06 0.454+0.03
Total 32.1+0.1 21.34+0.08 1.45+0.05

» In the likelihood fit to Bs data, the per-candidate probability and probability
distributions are considered. P=0.5 in absence of tagging information.

FLrrryprrrrrrrr

L segment tagged muons

et

1111111111111111111111111111111

[rrrryrrrrprrrrprrroryprror

—
|
Events / (0.01)

ATLAS Preliminaryﬂta
\s=7TeV P
J. Ldt=4.9fb"

3 035 04 045 05 055 06 065 O/

B, Tag probability

Marcella Bona. QMUL

ATLAS-CONF-2013-039

(0.01)

Events

ATLAS Preliminary  »
ATLAS Preliminary J- | 1 k
Ldt=49fb

11111111111111111111111111111111

A 02 03 04 05 06 07 08 0.9
B, Tag probability

B, Tag probability



SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-039

results of the fit

observables: mass, proper decay time and their errors,
three transversity angles and the tagging probability

%2000__\III|II\\l\\lllllll‘l\\lIlllll\\\‘\\lllll\\\\\__ 8 L l;ba\tawlllw T T T T T
- — 41 —_— i |
= 1800 ATLAS Preliminary —— Data _ 7 g 10 = . %}g: glitgnal E
2 - J- Is=7TeV —;c_atal l|=|t : o - ... B, Signal ]
| Ldt=49fo ---olgnal s - Y | D — B, Signal N
s 1600 - ---- B{—J/yK" Background | -g - — - Total Background =
€ ~ = O A3 N e Prompt J/v Background
S 14001 — > 10° P ERerS E
Lﬁ — m L = ATLAS Preliminary 3
1200 —] - Is=7TeV ]
: . B I Ldt=491b" -
1000 I
u ] 10? = =
800 — - .
600 = : ]
= h " 10 -
400 ! \ i = 3
L ' \ _ - ]
2001 . = - i
B f\JJJlLLLI !__J.Lq'\‘.j:.:--rn'k'!'r'\'l“{"l‘1~'Ff*!~1-wa\u-l‘-.--h¢-1.ll In sl J-.J‘A.l.Lé E_ 3
= == — o 2
£ 2 " 1
° T 0
= = -1
-2
-3
515 52 525 53 535 54 545 55 555 56 565 2 0 2 4 6 8 10 12
B Mass [GeV] B Proper Decay Time [ps]

projection on B; mass and proper decay time: 22,670 + 150 signal events from fit.
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results of the fit

T 17T ‘ L ‘ L
[ =—e— ATLAS Data
 ---- Fitted Signal
s Fitted Background J
r —— Total Fit

cvents / (/10 raq)

ATL
\s=7TeV

Ldt=49fb"

5.317 GeV <M(B ) < 5.417 GeV
1 1 ‘ 111 Il ‘ 11 11

observables: mass, proper decay time and their errors,
three transversity angles and the tagging probability

T ‘ L L
AS Preliminary

. Fitted Background J
[ — Total Fit

Events / 0.1

1 2

¢_[rad]

projections on the three transversity angles: ¢r, cos(8r) and cos(yr)

Marcella Bona. QMUL

cos(6y)
|‘\\|||\\‘|||‘\\lll\\lll\‘\ll\\\
F ATLAS Data ATLAS Preliminary
- ---- Fitted Signal \s =7 TeV

5317 GeV < M(B_) < 5.417 GeV

Ldt=491b"

Events / 0.1

:I\\‘III‘\\Ill\\‘III‘\\I |\\|||\‘\|||\\\:
1-0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8 1

ATLAS-CONF-2013-039

cos(yr)

4000

---- Fitted Signal

Fitted Background I
r —— Total Fit

3500

3000

2500
2000

1500

1000
500

0

ATLAS Preliminary

e
.........
R LT RNPPTT T TLLL i -

~
~ e
-~ .
-
~a -
-~ -
"Eammm==

5.317 GeV < M(B ) < 5.417 GeV

Covo b b b b b b b By By g 0
-1 -0.8-0.6-0.4-02 0 020.4060.8 1



SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-039

results for ¢s and Al's in Bs —» J/y@

~ uncertainty of ¢ improved Likelihood profiles in the ¢s — Al's plane

1_|_| _I | | I I [ I | | I I | |_
by 40% Compared to Ig_ 0.14 AL, constrained to > 0 — 68% C.L.
untagged analysis = | . "7190%C.L.
[ 0.12F ATLAS Preliminary "+ 95% C.L.
~ AI's central value and Y- /s =7 TeV & Standard Model

o AL = 2|F12|cos(q)S

uncertainty unchanged jL dt=4.9fb"

~ also the strong phase 9, can
now be determined 0.08
~ dominant systematic
uncertainty: uncorrelated
description of background 0.04
angle distributions

0.1

0.06

—
IIIIII|III|III|III|III|III|

¢; =0.12+0.25 (stat.) +0.11 (syst.) rad 0.02 N ) ,': .

AT, =0.053 £ 0.021 (stat.) =0.009 (syst.) ps~ Ol S T
I, =0.677+£0.007 (stat.) = 0.003 (syst.) ps -5 -1 05 0 05 1 1.5
|Ao(0)|> =0.529 +0.006(stat.) =0.011 (syst.) ¢:’ v [rad]
|4 (0)[* =0.220 £0.008(stat.) £ 0.009 (syst.) (Statistical errors only)

8, = 3.89+£0.46 (stat.) £ 0.13 (syst.) rad Agreement with the SM prediction
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-039

results for ¢s and Al's in Bs —» J/y@

_~ uncertainty of ¢ improved Likelihood profiles in the @s — Al's plane

1_|_| _I | | I I [ I | | I I | |_
by 40% Compared to 8_ 0.14 AI; constrained to > 0 —68% C.L. —
untagged analysis =  ATLAS P el :
- 0.12 Preliminary o L.L. N
~ AI's central value and SVl o ey & Standard Model -
. - -1 — s = COS J -
uncertainty unchanged 0.1 det=4-9 fb T
_ 0.08- —
___untagged analysis - )
o oo e - 0.06} -
%”0.12:— ATLAS Preliminary i-gfa/ndcarLd Model i ! ]
0. 1f_ J. Lﬁ : Z.gef\t:’1 """ —Al"s i FQCOS(%)—? 0 . 04 __ ': —_
o.osf— — i i i
I AR 0.02+ . -]
0.08; N i o ]

0-04:_ _: 0 IR R R A ‘;"rnl..l. 1.-1"]"I Lo Loy
oook P i : 15 -1 -05 0 05 1 15

v At M N\ J/\I’q)
N I R o o, [rad]
6" [rad] (Statistical errors only)

Agreement with the SM prediction
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SUSY 2013 NP searches with flavour with ATLAS
ATLAS-CONF-2013-039

comparison with other experiments ool oo ]
— i --'90% C.L. ]
on the @s — Al'g plane 50120 ATAS AT o ool
. 12 J-Ldt=4.9fb'1 e AT, = 20l glc0s(0) 1
0.08 -
0.08]- .
0.04f _-
LHCb 1fb" + CDF 9.6fb" + DO 8fb™" + ATLAS 4.9fb I P ]
1_.||—1 0-2 5 __ L T | T T T T | T T T T | T T __ 0.0 2:_ ._‘—“\“‘ ',"\'\'\: _:
%—i _ HFAG i o_l Lol ] ||r| [J...T:‘.:‘.yl il N
— N . 15 -1 05 0 05 1 15
L‘m 0.2 __ —_ ¢:/W¢ [rad]
< N 68% CL contours
N (AlogL =1.15) i
0.15 -
L LHCb i
0.1F -
0.05 —
O C 1 1 | L 1 1 1 | L 1 1 1 | 1 1 3
-1 0 1
¢ [rad
q :
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SUSY 2013 NP searches with flavour with ATLAS

conclusions

o ATLAS able to provide high quality B-physics measurements:
o search for the rare decay B, — uu ATLAS-CONF-2013-076
o angular analysis of the decay B° — K uu
o measurement of CP violating phase ¢, and the decay width
difference AIL'; in the decay B, — J/y¢ ATLAS-CONF-2013-039
(to be published soon)
> all measurements are consistent
with predictions from the Standard Model
o no sign for physics beyond the Standard Model
U all measurements are statistically limited
» analyses including 2012 data (~20/fb) ongoing
o plenty of possibilities for improvements

Marcella Bona. QMUL 28



SUSY 2013 NP searches with flavour with ATLAS

backup
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SUSY 2013 NP searches with flavour with ATLAS

performances
— A0 Nucl PhyS B VOI 850 387- 444 (2011) JINST 3 808003 (2008)
> FTT | | T I R 9 E 2 T =
G gyl ATLAS e Data 1 E o4 o pT 1 GeV ATLAS =
0 VUL [ \s=7TeV — Fi 1 Sogasf A p.=5GeV E
g E J Ldt=2.2 pb ﬂ ..... Bkg. component E % 0.355 - pT =100 GeV '_._:—.—q 3
= 40P 4 7 o3 ®PrT E
W B - E —@— E
- ly|<0.75 . o5k =
% 30 . ] 0 255 Sl E
% E E 025_ o |—.—'_.—' _E
S 20 - B 0.15;:._‘_.#Ho—u _;
s N ] 0.1 =
S 10 - : A G
= —
g B E 0.05 A—I—A—|—A—|_A_|_‘_'_‘_|_A—||_A_'_A _;
&) () PN Pl . s s T LT - 0_!—._._|-!-.-!_|_!_._!_|_!_|—I—I—l—'—l* .
2222426283323436384 0 0.5 1 1.5 2 2.5

=

Mass [GeV]

_ good mass resolution required

for good S/B performance
_ good impact parameter resolution

» limited particle ID: required for lifetime measurements

only for pr < 1GeV/c
K/Tt separation possible
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SUSY 2013

U Vertex resolution important

for precision B-physics measurements:

lifetime, CPV, rare decays.

U Quality of vertexing monitored
over 2011 as pileup increased

J do (top plot) of the reconstructed tracks
with respect to the PV for 2 different
number of pileups:
> The tails are sensitive to the rate

of secondaries and fakes. No
significant increase in the fake
rate observed.

2 Good z-resolution of primary vertex
(bottom plot) important
at high luminosities

Marcella Bona. QMUL
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NP searches with flavour with ATLAS

tracking-vertexing performance in pile-up

T L S
—+—Data,<u>=15.1

—4- Data, <u>=29.4

e BNS SRS EaaE e~
. ATLAS Preliminary
10

10*

Number of Tracks

10°

{

ST TTT II| [ IIIT\III | TTTIIIII

IR T

ATLECOM-PHYS-2011;1426

A8 6 4 2 0 2 4 6 8 10
d, [mm]

i
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T T T T T T T T T
E' ATLAS Preliminary —e— Data 2011, Random Trigger
— -

Minimum Bias MC

I R
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45 50

Number of tracks

40
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SUSY 2013

o Continuum background:

o discriminating variables to separate between
B signals and continuum;

o 14 variables explored to build a unique
discriminating variable: Boosted Decision
Tree (BDT) gives the best performances;

o best BDT configuration and selection criteria
optimised on half of the sideband data
(odd-numbered events) and signal MC.

v Peaking background:
U fake rates for ©°/ K* /K obtained on MC:
2.1/4.1/3.3 %o
U latest BR from HFAG used;
2 0.3 ev contribution to the signal region;
~included in the optimisation procedure and
in the upper limit calculation.

Marcella Bona. QMUL

NP searches with flavour with ATLAS

background composition and discrimination Bs - uu

Wariahle Description

|ivam | Absohite value of the angle in the transverse

pointing angle  plane between A¥ and 7%

AR Angle J{ApF + (AnP between A7 and f#*

L Scalar product in the transverse plane of

* (ax. g/l
= Proper decay length ef = L,, X mg/pE
ot significance divided by its uncertainty
N Vertex separation significance A#T . {ﬂ'i#}_l- A¥
e in {x, i) and 7, respectively

Eatio of |ﬂ.ﬂ to the sum of [p".ﬂ and

fan the ransverse momenta of all racks with

izolation pr =05 Ge¥ within a cone AR < 0.7 fram
the B direction, excluding 8 decay products
Absohite valies of the noximum and

Iy =, [y minimum impact parameter in the

' transverse plane of the B decay products

relative to the primary vertex
Abzolute vales of the mininmm distance of

|2, ™, |2, "™ closest approach in the g plane {or along 7)
of tracks in the event to the B vertex

. Minimum momentum of the two
L muon cardidates along the B direction
p-ﬁ 5 [FANSVELSE MOMmEentum
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SUSY 2013 NP searches with flavour with ATLAS
background discrimination: isolation variable Bs — pp

U |Isolation variable:

B
AR P T @ 1:' TR L g L Notation with PV assodiation, DATA! | 1
I = AR ] % 0 9:_ ——&—— isolation without PV association, DATA _:
PB + l O ) E —6&—— isolation with PV association, MC E
T l pT % 0 8 :_ ——A—— isolation without PV association, MC _:
— = '—Q—L@_, -
. = 0.7F ; "'ﬂmﬂ tﬁjel 8 : ey + —
tracks with pr > 0.5 GeV o F - gyt -
. . o 0.6 -
excluding B daughters in = 05l - .
the Cone AR < 07, Where B 045 '_‘_'.ZQ:._&_' ATLAS Preliminaryg
— 2 2 A A Vs=7TeV =
AR = sqgrt((An)*+(A9)?) 0.af e ILdt: 49f" 3
. . 0 25_ % _E
u PV association of tracks: <F m% :
U gets rid of the interference from 0.1 T 3
. . _||||||||||||II||||II\||||||I|II|IIIIIII|III|_
the other interactions 00 5 4 6 8 10 12 14 16 18 20 22
o isolation cut efficiency Mean number of interactions per crossing

is pile-up independent
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SUSY 2013 NP searches with flavour with ATLAS
final selection optimisation Bs - pp

o optimisation on half sideband data (odd-numbered events)
and reweighted signal MC;

U optimisation for a selection on the BDT classifier
and the signal region width;

€
J maximisation of the Punzi estimator: P =

1+ VB

- signal efficiency calculated directly
o background from sidebands

 The odd-numbered event optimisation gives a maximum P value of 0.0145.

U The corresponding final selection cuts on the mass window and the BDT
variable are:

BDT classifier > 0.118 and |Am| < 121 MeV
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SUSY 2013 NP searches with flavour with ATLAS
acceptance x efficiency ratio Bs -

Ept_j/wkt ARt vkt
BR(BS_”LM):NBS_*““NBijJ/Mi BR(B:E—MT/??bK:E)% Bt /yKE ABE1/yK

€EBs—pp ABg—spup

= determined on reweighted Bs and B* MC samples
wrt the fiducial volume:
NCgenerated : P1° > 8 GeV and |ng| < 2.5 EXA= NB“;‘;%”?J;‘?@%/ N®
= systematic uncertainties:
— main contribution from data-MC discrepancies of separation variables
two main discrepancies on isolation and L,y
isolation depends on the flavour of the B
L.y is correlated with the vertex reconstruction so with some other
discriminant variables but it does not depend on the flavour
of the B

generated
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SUSY 2013 NP searches with flavour with ATLAS
acceptance x efficiency ratio Bs -

Ept_j/wkt ARt vkt
BR(BS_”LM):NBS—*WNBijJ/Mi BR(B:E—MT/?LK:E)% Bt /yKE ABE1/yK

€EBs—pp ABg—spup

= determined on reweighted Bs and B MC samples
wrt the fiducial volume:
€ XA=NB / NB
N®generatea : P1° > 8 GeV and |ng| < 2.5 “and selected
= systematic uncertainties:
— main contribution from data-MC discrepancies of separation variables
two main discrepancies on isolation and L,y

generated

Channel AXe Rae
B* 1.317 + 0.008% (stat)

BY 4.929 + 0.084% (stat) 0.267 + 1.8% (stat) + 6.9% (syst)
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SUSY 2013

single event sensitivity

NP searches with flavour with ATLAS

Bs - pu

from the interpolation of 50% of the sideband events (8 even events)
we expect: 6.75 background events in the optimised search window

1
T J/pKE

BR(B, = us) = No, fl -

reference channel branching ratio is taken

from the PDG and the relative

hadronisation f,/fs is taken from LHCb.

Single Event Sensitivity (SES)

corresponds to the B, — u*u branching
fraction which would yield one observed

signal event in the data sample.

Marcella Bona. QMUL

BR(B* — J/pK*)f oot Aptosvict

fs EBs—pup ABg—spup

quantity value
Nyjyk+ 15214 £ 1.10% + 2.39%
Rae 0.267 £ 1.8% + 6.9%
SES (2.07 £ 0.26) - 107°
Rgfg 1.240 £+ 0.050
N 6.75

obs
kag,SB 8
Np—hn 0.30
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SUSY 2013 NP searches with flavour with ATLAS

systematics summary on the SES Bs — pp
description contribution
PDG branching fractions and f/f,; 8.5%
K= tracking efficiency 5%
vertexing efficiency 2%
K* charge asymmetry. in B* — J/Yy K™ 1%
B* — J/YK* yield 2.4%
Rac 6.9%
total (comb. in quadrature) 12.5% statistical
uncertainty
contributions from backgrounds: on §|15$

5 background interpolation from sidebands — 4% on R,
2> B — hh' negligible

dominant contributions from BR and f./fs
from the acc-vs-eff ratio (data-MC discrepancies)
and then from the K tracking efficiency
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SUSY 2013 NP searches with flavour with ATLAS
upper limit extraction Bs — pu

CLs method with profile likelihood ratio:
likelihood for CLs:

signal region sidebands

¥ ¥

: b. : b:
L = Poisson(Ngy € B + Npiy + Np_hir) Pmsson(Ngk;S alRbkg Npig) X

b. b.
Gauss(e””’|e, o¢) Gauss(ngglekg, T Ryry)

%

1/SES constraint R=A_/A_ constraint

with € = ses—!

the expected UL is calculated assuming as number of events in the signal
region as the number of expected events obtained from the sideband
interpolation (6.75 events):

— we obtain BR(Bs — ') < 1.6 10° [expected UL]
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SUSY 2013 NP searches with flavour with ATLAS

analysis strategy @ ATLAS: Bs - pp

> Relative BR measurement:
 partial cancellation of uncertainties:
on luminosity, cross-section, ..
Jreference channel (B* - J/PK®, J/P - p+-)
U blind analysis: signal region + 300 GeV around B; mass blinded
2 limit placed using CLs method

L

fs EBs—pp ABg—spup

BEX—J/pK*

Single Event Sensitivity (SES)

corresponds to the Bs — p*™ branching

fraction which would yield one observed
signal event in the data sample.
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SUSY 2013 NP searches with flavour with ATLAS

background composition Bs - pp

J continuum:
~ dominated by non-resonant bb production with puX final states

o real muons
~ smooth shape in the di-muon mass
2 limited MC statistics available

close to the SM B, to pu BR
U similar decay topology
— hard to suppress

2 contribution estimated from MC 5300 5100 5200 5300 5400 5500 5600
currently still quite small

0.01

""""""

in ATLAS :g = I | L | L | L | L | LI :
J measured by interpolation from 5 0.06 —BJ/E, kK ATLAS simulation ]
sideband data into O Vs=7 TeV i

: . o - — B, - K'r ]

the signal region £0.05F _ g, | 1
= L BJ/B KK BIH171 MeV ¢ 1

J resonant: 0.04 ~By—»Kn  ir ; 7
UB - hh, with hadrons F T i B33 MeV | .
misidentified as muons 0.03f TR e ¥ -
“mainly B — K*Tt/ttmr decays - AL R 118 MeVY | :
U BR x (fake rate) = 107 0.02- AT nL

Invariant mass [MeV]

Marcella Bona. QMUL a1



SUSY 2013 NP searches with flavour with ATLAS

reconstruction and event selection Bs - pu

» 2, 3 or 4 prong vertex constraint depending on decay topology
2 Primary Vertex selection:

J the closest in z to the B candidate

- Re-fit excluding B daughters
U Tracks:

2 At least 1 pixel, 6 SCT and 9 TRT hits (good tracks)

2 nl < 2.5 and pr> 4 (2.5) GeV for muons (kaons)
o tracks from the tracking systems matched to muon spectrometer

tracks
U B candidates: pr> 8 GeV and |n|<2.5 P(B.)
» select events based on their decay topology Q/
» discriminating variables to distinguish >V
between B and continuum events PNe™=
» 14 variables identified and used
In a boosted decision tree (BDT): @ o
- not correlated with invariant mass ¢ \x? V@
2 highest discriminating power \VtX/
U highly correlated variables excluded (signal) . (background)
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SUSY 2013

discriminating variables

Exploit:

o Primary Vertex-Secondary Vertex
separation: L,,, cT significance

o Symmetry of final state: pointing angle, do...

o Full reconstruction: pointing angle, Dyn...

> B hadronization features: Isolation, p; of the B...

Normalized Number of Events

NP searches with flavour with ATLAS

T tr

PV ‘mm
57" II“‘II‘IIII L T T _Ill]lllll llllllllllll llllllllllllll] 105: I I — T =
107 ATLAS ATLAS C ATLAS E
Vs =7 TeV \s=7TeV = 1
J : 10* jotL \s=7Tev PR
Ldt = 2.4 fb .  1E
10*E I Ldt=241b :j Ldt = 2.4 b 7

—
o

w
il

e
o
™
T

10¢
0 0.5

1 15

Bs - pp
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SUSY 2013 NP searches with flavour with ATLAS

Binning in g° Bs —» K*uu

Bins are identical to those used by Belle

0.04 < g° < 2.00 GeV* (no angular analysis performed
due to low statistics)
2.00<q° <4.30 GeV?

430 <q° < 8.68 GeV’

8.68 < 0" < 10.09 GeV* (J/¢ mass region, excluded)
10.09 < o° < 12.86 GeV?

12.86 < g° < 14.18 GeV* (P(2S) mass region, excluded)
14.18 < g° < 16.00 GeV?
16.00 < g° < 19.00 GeV?

1.00 < g° < 6.00 GeV?
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SUSY 2013 NP searches with flavour with ATLAS

Fit strategy Bs - K*uu

Extended unbinned maximum likelihood fit in each g° bin
Sequential fit: first fit m(Kmup) distribution, then the angular distributions
with mass term parameters fixed.

The procedure checked to give same results as single-step fit except

the lowest g° bin (included in systematics there).

» Mass fit (in each ¢ bin):
N
L= H [Nsig : Msig(mia 5mz) + Nbckg : Mbckg(mz’)]
=1

» Signal mass PDF — gaussian with per-candidate errors:

1 —(mi — r'ntl)2
MSig(mi’ 5mz) B \/%Smémi o < 2(87"5"“)2 )

» Background mass PDF — exponential

—A-m;

Mbckg (mz) — €
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SUSY 2013 NP searches with flavour with ATLAS

Fit strategy (2) Bs - K*up

» Angular fit (in each q* bin):

L= H Nsﬁl’g‘ sig (M, Om, [fixed) + A sig(cosOr, ) - ar(cosfr, i)

Ak sig(cosOk i) - a (cosOx i)+

Nli):l(}:(kg + Mpakg (mi|fixed) - Ar bekg(cosOr,i) - Ak bekg(cos 0k i)

» Signal PDFs:
3
AL sig(cosOr ;) = ZFL( q) (1 — cos 0L i)+
3 2 2, 2 .
3 (1 — Fr(q )) (1 + cos HL,Z) + Arp(q”)cosfL . ;
3 3
Ak sig(cosOk ;) = —FL(q2) cos> Ox: + — (1 — FL(q2)) (1 — cos? HK,i)

2 4

» Background PDF — linear combination of Chebyshev polynomials up to 2" order:

ALy vke = 1+ Pir(r) €0S 0L (kY. + P2r(k) (2 cos’ Or(k),i — 1)

» ar(cosfr i), ax(cosbk ;) — acceptance functions taking into account detector
and selection effect on the angular shapes
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SUSY 2013 NP searches with flavour with ATLAS
Systematic uncertainties Bs - K*uu

Ranges of the mass fit region

Differ in g° bins due to AM cut effect
Angular background shapes

Varied between 2nd and 3rd Chebyshev polynomials
Contribution of B* - p'u'K* events

Estimated by removing potential B* - p'u'K* candidates
Angular acceptance effects

Mainly from limited MC statistics

Various signal angular shapes tested
Sequential fitting approach

Non-negligible effect only in 2.00 < g° < 4.30 GeV? bin
due to low statistics

Following sources found to be negligible
Contribution from S-wave (B% — p'u Kt decays)
Contribution from B; — @ (- K'K") p'u” events
Background mass shape
Possible bias due to angular fit approach (neglecting correlation)
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SUSY 2013 NP searches with flavour with ATLAS

flavour tagging Bs - J/Yo

Analysis updated including flavour tagging:
previous analysis: JHEP 12 (2012) 072

determine flavour eigenstate of
Bs meson at production time

Opposite side flavour tagging used
Two different methods applied in hierarchy of perrormance

Muon Tagger Jet Charge Tagger
|dentify the muon from |dentify jet originating

semileptonic decay from same primary vertex
Calculate muon cone Calculate jet charge
charge Q, Qe

Determine probability that signal decay contains b as function of Qu
and Qjet using calibration sample B+g J/YK+

Marcella Bona. QMUL 48




SUSY 2013 NP searches with flavour with ATLAS

angular analysis in By — J/(i@ Bs - J/Yo

In the decay Bgs(Bs) - J/Po - I KK
different components in the angular-distributions amplitudes
correspond to CP = +1 or -1. 7
The “transversity angles” are used A
to describe the angular distributions:

¢ rest frame

In the J/W (or @) rest frames, the direction of ¢ (opposite to J/P) defines the x
axis, and the xy-plane is defined by the K*K- decay plane, with K* oriented
towards positive y; 8 and ¢+ are the polar angles of I, Y is the angle between
K+ and x-axis
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SUSY 2013 NP searches with flavour with ATLAS

the measurement of ATLAS in B, - J/{@ Bs - J/Wo

Analysis using data collected in 2011 (4.7 fb™").
Trigger selection based in di-muon and single-muon triggers
(pr threshold 4 GeV or higher)
Offline selection based on J/§ and @ invariant masses, x2/NDF< 3
in fit to decay vertex, |n|<2.5 for all tracks,
pr > 0.5 GeV for kaon candidates.
Decay time computed in the plane normal to collision axis.
Average number of primary interactions 5.6:
wrong association to primary vertex is < 1% and
effects are negligible.
Acceptance computed on large samples of signal and
background channels
(e.g.: B - J/Y K*, bb - JY X, pp - J/P X).
Efficiency via data-driven procedures.
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SUSY 2013

systematic uncertainties

NP searches with flavour with ATLAS

Bs - J/Yo

Systematic d(rad) ALu(ps) Tups) [AOF JAOF |As(O)P
Inner Detector alignment 0.04 < 0.001 0.001 < 0.001 <0.001 <0.01
Trigger efficiency < 0.01 < 0.001 0.002 < 0.001 <0.001 <0.01
Signal mass model 0.02 0.002 <0.001 <0.001 <o0.001 <0.01
Background mass model 0.03 0.001 < 0.001 0.001 <0.001 <0.01
Resolution model 0.05 < 0.001 0.001 < 0.001 <0.001 <0.01
Background lifetime model 0.02 0.002 <0.001 <0.001 <o0.001 <0.01
Background angles model 0.05 0.007 0.003 0.007 0.008 0.02

BY contribution 0.05 < 0.001 < 0.001 <0.001 0.005 < 0.01
Totals 0.10 0.008 0.004 0.007 0.009 0.02

These are calculated with different techniques, including:
changes in detector simulation (alignment),
data based studies (efficiency),
pseudo-experiments Montecarlo (mass models, background angles)
and variations in analysis methods and assumptions.

Marcella Bona. QMUL
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SUSY 2013 NP searches with flavour with ATLAS

symmetries in the likelihood Bs - J/Yo

The term describing Bs — J/{ @in the likelihood is invariant under the
transformations:

{¢s, Al's, 01, (5”} — {m — ¢, —Al's, m— 61,27 — (5”}
{¢s, AL, 5J_,5||} — {—¢s, Al's,m— 61,21 — 5”}

with the latter characteristic of untagged analyses.

The ATLAS analysis favours values of s close to 0 (1),
for which an untagged analysis is scarcely sensitive to the phase 9.

We therefore proceed as follows:
we constrain the value of d;to 2.95 + 0.39 rad
as recently measured (LHCb) [or its complement to 1.
the four minima of the likelihood do not overlap, only one of them
Is compatible with previous measurements, and we show
the result for that minimum.

JHEP 12 (2012) 072
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SUSY 2013 NP searches with flavour with ATLAS

result for @¢s and Al's in Bs — J/W@ Bs - J/Yo
Likelihood profiles in the ¢s — Al's plane
— _l | I I | I I I 1T T 1 | LI I | | | I I | T T1 |_
T(D 0.14|— 8, constrainedto 2.95+0.39rad =—68% C.L. o
& AT constrained to > 0 == 90% C.L. i
L?O 12- S ==95% C.L. .
TPPRT : -1« ATLAS Preliminary 4% Standard Model |
Result of likelihood fit < - =TT AT, =T 008(9)
Parameter | Value | Statistical | Systematic 0.1 J‘ Ldt=49fb g8 S —
uncertainty | uncertainty - “\;’-.\ i
ds(rad) | 0.22 0.41 0.10 0.081- S
AT (ps™!) | 0.053 0.021 0.008 - -
Ls(ps™t) | 0.677 0.007 0.004 0.06- N
|Ag(0)|?2 | 0.528 0.006 0.009 - g N
|A(0)]* | 0.220 0.008 0.007 0.04— N
|As(0)]> | 0.02 0.02 0.02 - : [
0.021- :‘ -
Correlaion coefficients 4 M e “\-
| ” Os | AT ‘ I | | A0(0)? | |A||(0)|2 | |As(0)|? | O ANENENEN AN S ST AR AR B i B B
¢ | 1.00] —0.13 | 038 | —003 | —0.04 | 002 -15 -1 -05 0 0.5 1 1.5
AT, 1.00 | —0.60 | 0.12 0.11 0.10 J/
T, 100 | —0.06 | —0.10 | 0.4 o ¢ ve [rad]
| 40(0)? 100 | -030 | 035 (Statistical errors only) S
2 . . .
o R I Agreement with the SM prediction

JHEP 12 (2012) 072
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