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Outline :
* Search for B%, - p*u rare decay

* Updates for CP violation parameters from
angular amplitudes of B° > J/(u*w) ¢ (K*K')
decay:

1) CP-violating phase ¢,
2) the average B, meson lifetime 1/T,
3) the decay width difference AT,

-
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The searches with b-hadrons can present indirect evidence

for New Physics and show the size of new effects.
They are complementary to direct searches.
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Search for BO — u*u rare decay

Motivation e
teuk d [yv
- The decay is strongly : 2 Aﬁ< _____ .-

suppressed in SM

° It reahzes by FCNC BRSM (BOS 9 |J.+|.l' ) — (3.23 i 0.27) .10 -9

eContributions of possibl
P Y Buras et al. , Eur.Phys.J. C72 (2012) 2172

existing new particles
may increase or decrease

CMS + LHCb common results show
evidence for

doecay b+ra_nching ratio for BR (B®. & w*p ) = (2.9 £ 0.7) -10°
B% = ' and with all RUN-1 collected data
demonstrate presence of LHCb: Phys. Rev. Lett. 111 (2013) 101805
New Physics CMS: Phys. Rev. Lett. 111 (2013) 101804

Combination: CMS-PAS-BPH-13-007

There is still room for New Physics and new results are welcome!
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ATLAS search for B®, — pfw

Results with half data 2011 (2.4 fb!) analysis published in
PRL713 (2012) 387: BR (B, = p*u ) < 2.2 108 at 95% C.L.
Update with full 2011 data 4.9 fb! is presented

Ana Iysi S overview ATLAS-CONF-2013-076

*Unbiased relative BR measurements

*Blind analysis (signal region SR + 300 MeV around B°, mass blinded)
*Use MC to model data

*Background data in two sidebands divided 50/50 to optimize selection
cuts and to calculate bkg in signal region

*Multivariable analysis for Signal/Bkg discrimination (BDT with 13 var.)
*Signal extraction by event counting in SR and bkg estimation from
sidebands

* Limit extraction by CL, method
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B°. — p*u analysis overview

Relative measurements : reference channel B* - J/K*

VN _W
BR(B? — utp) :[BR(Bi S JKE S pt T KE) x J;] Moot | [Farent et +u- X|SES
s waKiJ #"‘p €utpu—
T
From PDG
N+ p,-|is a number of observed signal events,|N k£ ] - istaken from the
~ — " reference decay mode fit
= 2= - obtained from data-driven -
,||'.L+j'.1-_ E#_}_”_ . . % - I I I I I E
corrected simulation = 45005 ATLAS Preliminary 4 Data E
& 4000 Vs=7TeV —— Signal + background fit 3
; E PR A B* — J/y K* signal =
. . c 3500 = _[ Ldt=49fb" [ % ... B" s Jyn background_:
Same BDT selection applied for reference Zs000E ) e Other backgrounds
channel 2500F E
. 2000F —
Totally 15214 events with £1.1% stat and : E
+2.4% syst were found 1000F E
500F S 3
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B°. — u*u : Background estimation

Two main sources of background: B—>hh reconstructed as up
1. Combinatorial background (continuum) : @2 S I I IR I
c 0.06] —B,/E, >k ATLAS simulation —
* Smooth mass spectrum A s=7TeV ]
e . : & 0 0sL —E-KT E
* BDT classifier is trained to suppress this bkg | = 0.05" g /f;mn ] X
* bb — wyX provides a good description < 0.04F B ske o BETIMeV
* Estimated from sidebands to signal region MEE ST
2. Resonant background from B> h*h’-, h=m s
or K 0.02} ol
* Irreducible background with it and K 0.01F JJ
misidentified as muons TG

5000 5100 5200 5300 5400 5500 5600
Invariant mass [MeV]

e Shown to be small w.r.t the continuum
e Estimated from MC
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B, — "y : SlgnaI/Bkg discrimination

The Isolation variable is
important for bkg
suppression and it is
stable with increased
number of interaction
vertices

Efficiency of the cut 1,,>0.83

Entries / 0.011

Isolation cut efficiency
© o o o o
O OO N O © =

Il\ll\‘\

h h h
N W A
TTTT

o1§—

u.‘-ll—l J 1 t nw1|h P‘U oémt on, IDATA‘ >:

~——4& —— isolation without PV association, DATA

——&—— isolation with PV association, MC ]
+ M isolation without PV association, MC -

TR o
S

ATLAS Prellmlnaryg
T \s=7TeV B
2 J. Ldt=4.91b"

Entries

T
—— Sldeband data
—— MCbbto upX
E= MC signal

ATLAS Preliminary

g, :%;*Hr

%
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BDT output

< background events

Data / MC
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Mean number of interactions per crossing

BDT output
distribution for MC
signal events and

from sidebands
(both normalized to
bkg events number)
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Result: Limit on 2011 BR(B®, — u*u-)

_r’ 1 o L
o = > T T \
o :::::: e 2 10 ATLAS Preliminary 3 1
..... . p ,
10k [ Expected CLs 210 - © e Data
[ opecsacts sz — *% —— B, pw MC(10%)
Li
102 =
107 _ATLAS Preliminar
\s=7TeV
Ldt=4.9fb" ) .
10-40' — ; — é . 3 1 5 4800 5000 5200 5400 5600 5800

m,, [MeV]
BR(B? — p) [10°] "

SES = (2.07 + 26%(stat) + 12.5%(syst))x10-?
Observed CL, vs BR(B® - p*w) Niq €Xpected in signal window = 6.75

N_.. In signal window = 6

BR . (B%, > pp ) < 1.5 (1.2) -10® at 95% (90%) C.L.
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What is improved in the 2012 analysis

Statistically significant MC background sample for
detailed studies on the bkg composition;

Improved fake-muon rejection;

Improved multivariable analysis to discriminate the
continuum;

Maximum likelihood fit to extract the signal yield
And more is ongoing work!

Results from analysis full data 2012 with 20 fb!

will be published soon!
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CP violation parameter ¢ _and Al'_from angular

amplitudes of B9, 9 J/U cb decay

New phenomena beyond SM may alter CP violation in B-decays
B°.— J/W @ is expected to be sensitive to NP contribution

CP violation occurs due to interference between direct decays and B, -
antiB°, mixing, characterized by Am_ of heavy B, and light B, mass
elgenstates and is measured by weak phase @

It is small in Standard Model: ¢ .= - 0.0368 + 0.0018 rad
(PRL 97(2006)151803)

The width difference AT, = T, - T, is not affected by NP and is useful for
test

The average decay width T = (T, + 1T )/2

[,and Al are measured from fu//y reconstructed decays B°.—>
J/Lp(u w) @ (K*K) with only statistical CP states separation with 4.9 fbl
(JHEP12(2012)072)

the measurements are updated with flavour tagged

time-dependent angular analysis (arxiv:1407.1796,
Accepted by PRD)
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Flavour tagging for CPV measurement

*The information of the initial flavour of B®, is produced from the other b-quark in the
event (OST — opposite-side tagging)
*Method is calibrated with use of B*=>J/{K* events
*|t uses :
1) An opposite muon cone charge with tracks in cone AR=0.5 Q, (k=1.1)

ZN tracks q?ﬁ ('Pi )h ZN tracks (
H ] \PT P '
2) If no muon, a jet charge Qi; Yy = =L~ L Qu = s tmks P
> (p7) i (p T)
Tagger | Efficiency [%] | Dilution [%] | Tagging Power [%]
Segment Tagged muon 1.08+0.02 36.7+£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 0.45+0.03
Total 32.1+0.1 21.3+0.08 1.45+0.05
Q,, for muons with B* jet charge distribution for B*
%rEOZ:L'A%th T ‘smlv # = E‘ATLlAél T "I 'TT;V‘ E "!200125 ‘atLAS “;:;T'ev‘ +7
- E + j Ldt=451b : . :_-+- J- Ldt=45fo -+— 016}¢ J Ldt=451" —
0.2F +B’ F +B’ 014+ «B" 4
=B’ B E 0.12E =B =
0,15 _+_ _+__+_ r = 0-1; é
0.1 —+— 3 E 0.08- E
+ :$:1:+ - E + _¢_¢;¢- -+ b 0_055_ _f
0'05- S, *ﬁ—mﬁ___&*+++ +t 0.04- |
s T RN ARSRRAE e APSE R I eaiiti WE
" -a hes witl -1 05 0 0.5 1
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B°. = J/W(up) ¢(KK) decay selection

* no displaced vertex or
time cuts applied in
trigger nor offline

* J/Y mass window
adapted to barrel and endcap
* ® mass window 22 MeV
* Kaons p; > 1 GeV

* B-vertex x?/d.o.f. <3

* In total 131k BC,
candidates within 5.15 <
m(B°,) < 5.65 GeV used

in the fit

* Number of signal B°,
candidates extracted
from the fit 22670 * 150

%’2000_7"”|””\"”|"”["” rrrTpTTTT T ”"|”"7_
'-‘E? 1800; ATl'.SAES 7 TeV :"l?;ﬁ Fit _i
%16002—] Lat-dote’ K Background ]
%14005_ E
1200F
1000
800f
600"
400f P
200}~ .

(fit-data)/c

2
1
0
-1
-2
3 ,
515 52 525 53 535 54 545 55 555 56 565

B, Mass [GeV]

Mass fit projection
forB° = I/ @
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B°. = J/W(up) ¢(KK) decay analysis

Parameters extracted from unbinned maximum likelihood fit;

The likelihood function includes the S|gna<and bkg probability

density functions:
(PDF) In L= Z{u* "r‘(?ni:tf:ﬂivp B|Q

—l‘fs fBo - Bf}(??I-iJi-.Qf:P(BIQ)]
It uses reconstructed +(1 = fs- (1 + fpo)) ke (mi. £:. Q. P(B|O)) }

uncertainties, tag probability and transversity angels 6,, U+, ¢
for each B® > J/U ¢ candidate;

0;, U;, d; are defined in the
J/U (84, ;) and ¢ (P)rest frames:

L
Signal PDF includes all measured g’
guantities with uncertainties. K«s,'ir
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B°.—> J/Ud decay analysis

e Distribution for decay time t and transversity angles
Q(0-, LlJT, c|>T) is given by the differential decay rate:

d*T
dt dS) ZOM g HT T, UT) where C)(*‘f)(f) and ‘g(k)(\HT.-?f-'-‘T.r;;rT)
are the time dependent amplitudes and the angular
functions, they are obtained from the fit;
the time dependent amplitudes are the same for B°,
and anti-B°,, but with sign reversal in term with Am,_
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Ten time-dependent amplitudes, extracted from the fit

k ‘ O (t) ‘ g™ (07,4, b7)
1 %|Ao(0)|2 {(1 + cos ¢s) et + (1 — cos ¢s) eTHt 4 9p—Lst sin(Amgt) sin q"‘)s} 2 cos? i (1 — sin? O cos® ér)
(s) . (s) . . . ‘ . .
2 %|A” (O)|2 {(1 + cos ¢s) e~ L't (1 — cos ¢s) e Tt £ 9p st sin(Amst) sin qﬁs] sin? (1l — sin? O sin? oT)
(s) . (s) ; . . ‘ .
3 %|AJ_ (O)|2 [(1 — €Os ¢s) e TLt 4 (1 + cos ¢s) e Tu't z e Tst sin(Amst) sin @5] sin? o sin? O
4 2140(0)|[A; (0)] cos &), — 5 sin 2¢7 sin® 07 sin 267
() (s)
[(1 + cos ¢s) e TLt ¢ (1 — cos s) e Tt 4 9p=Tst sin(Amst) sin qi)s]
(s) (s) - - ‘ . ‘ . .
5 | A (O)||AJ_(O)|[%(6_FL t _ e Th t) cos(0L — d))) sin ¢ sin? ¢p sin 207 sin ér
+e e (sin(8 1 — d))) cos(Amist) — cos(8 1 — §))) cos ds sin(Amsst))]
(s) (s) . . | .
6 | Ao(0)]|AL (O)H% (e7PL 7t — e7Tu") cos 61 sin s % sin 27 sin 201 cos ¢1
+e st (sind1 cos(Amst) — cos 01 cos ¢s sin(Amst))]
(s) (s)
7 %|AS(O)|2 [(1 — COS Ps) e~ Tt o (14 cosay) e~ Tu't F 9e~Tst sin(Amt) sinc;ﬁs} % (1 — sin? 07 cos? (:'JT)
i (=) (=) . e - . . . . ‘
8 |As(0)|| Ay (D)Hé(e_PL t— ety sin(d) — ds) sin o V6 sin ¥r sin? O sin 2¢7
+e Tt (cos(d) — ds) cos(Amst) — sin(8) — ds) cos ¢s sin(Amist))]
9 L1As(0)||AL(0)]sin(dL — ds) /6 sin p sin 207 cos o
(s) (s)
[(1 — €OS ¢s) e Tt o (1 + cos ¢s) e~ Tu't F 2Tt sin(Amt) sin (;55]
(s) (s) . ., .
10 | Ao (O)HAS(O)\[%(.{?_FH £ — e ) sin dg sin s 3V3cosyr (1 — sin? O cos? ér)
+e 1<t (cos dg cos(Amist) + sin dg cos ¢ sin(Amt))]

9 physics variables to describe Bs = J/p¢ and S-wave

component extracted from fit:

ATs, ¢s, s, 1A%(0), IA(0)I2 8y, IAS(0)I2, 851, &1
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LI PR L [RE L EEL B LR L |

'FUQ?O_14—— AT constrained to > 0 —68% C.L. -
1 From untagged IO ATLAS ) i
The result is BEEA | Fo12 1% e
analysis 0.1 frascs o
. 1 0.08F .
¢s =0.12£0.25 (stat.) £0.05 (syst.) rad R A
BOML smmresm oz —axel TOOE :: E
AT, = 0.053 £ 0.021 (stat.) £ 0.010 (syst.) ps~ [ ) o . :
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|4;(0)[? = 0.220 £ 0.008 (stat.) = 0.009 (syst.) " | g g
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! 0, lrad analysis
gdUOO.'—Sam ATLAS 54000 —I—Dma“m‘m ATLASHWWH’;
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E 5.317GEV<M(BS)<5.417GEV ] . L{ : “ (AlOgE _— 1 15) .
0705060402 0 02040608 Comparison < oi5f ! LHCb -
cos(0;) B ,L*\ ]
] . .. of ATLAS 10F x""'C'”-"'S' bined =
: Fit projections for : . SR 5
transversity angles with other 0.05 - OOF M j - E
, C0s(0+), cos experiments Oy svvs <20 TR
0_ (pT ( T) (WT) \ j 0-1.5 1.0 -0.5 0.0 0.5 1.0 1.5
217.0.80.6-0402 0 0204 OSD(::V; ¢SCES [rad]

Standard Model

These results : 1) improve ¢, stat. error by 40% ; 2) gave sensitivity to 6 |
3) are consistent with other experiments and the values predicted by the
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Conclusions

ATLAS results from full data 2011 for pp collisions
at 7 TeV (4.9 fb1) are obtained for New Physics
searches with rare decay B°, > u*u selection and
B° - J/Y ¢ decay parameters measurement

Flavour tagged time dependent angular analysis is
used for B’ = J/i) ¢ with essential improvement of
previous ATLAS measurement without tagging

All results are consistent with the predictions of the
Standard Model

Results with analysis of 20 fb! data 2012 at 8 TeV
are coming soon!

L.Smirnova - New physics searches with b-

1
hadrons at the ATLAS experiment /



