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outline

~ ATLAS data, detector and triggers

~ detector performances

~ quarkonia: charmonium and bottomonium
~ B meson mass and lifetime measurements
~ search for B rare decays: B, to pu

-~ Al'g and @, measurement from B —» J/Po
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ATLA S 2 Tracking

_ Silicon (Pixel+Semiconductor tracker)
and Transition Radiation Tracker
2 2T solenoidal field

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

Tracking performances:

2 10 um Impact Parameter resolution

-4 0 pT/pT~O.05°/o Pr (+) 1.5%

2 0o m(J/P-Y)~60-120 MeV (ID dominated)

2 75 ATLAS Online Luminosity \s-77ev -

3 e D oDehed 3 .~ >5fb'recorded in 2011:

= - [ ATLAS Recorded . . . .

E 5 i eiereds ot / Instantaneous luminosity and pile-up

E 42_ Total Recorded: 5.25 f5' _f Steadlly |nCreaS|ng

© C ] 3

> . >93% data taking -

5 o efficiency in 2011 |~ bb-production mostly at large n

- E E ATLAS sensitive to |n| < 2.5 region
of =l : ~ expect about ~150G B°-pairs
28/02 30/04 30/06

008 S0 L ~30M Bg - J/Wo@events for 5 fb

Day in 2011
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ATLAS: triggers

T I T T T I T T T I T T T I T T T I T T
Trigger

> = -

S 10E e 2mua P ATLAS Preliminary 5

() = EF_2mud_Jpsimumu -

. . . Te] : EF_2mud_Bmumu :
di-muon triggers are our main tool 2 10°F 2 e .
@ As luminosity increases, bandwidth ;—;J B Rt 277 -
requirements are more stringent 105;— : — E

@ Potentially forced to higher pr

Levell 4-GeV muon selections made cleaner

: : 10°E
@ we ran with constant trigger thresholds
for di-muons all across 2011 2 R e o]
m,, [GeV]
£ o ’”:ﬁcf’;"l”e i - > 6 fb! of data already collected in 2012
-ﬁ' 82— elivere _f
£ 7B DAT“_"S recorsed. 3 + higher muon p; thresholds would affect
S e Lo . the efficiency for B physics
§  5F 2012 data taki = # specific di-muon selections
g 4 ata taxing . with Barrel/Endcap logic
k= - E P 109
5 F E # 4 p; di-muon triggers collected
" : but processed later in time
Oé o (2013 shutdown)
01/04 03/05 05/06 08/07
Day in 2012
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performances
. ><1O NUCI Phys B V0| 850 387- 444 (2011) JINST 3 808003 (2008)
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~ 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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tracking-vertexing performance in pile-up

10°

~ Quality of vertexing monitored
over 2011 as pileup increased

. . 2 _'”I'”é”r'elir'nin'al i '_T_rrﬂll'a‘a,l<'>=".‘”_

 Vertex resolution important R T S
r e . - E ] 4 3

for precision B-physics measurements: 5 L .
lifetime, CPV, rare decays. £ .. E

= . @ ]

P S . i

T§T EEIIIIl T IIITIEI[

tor
00.:.. '“og.
o™ “Hotee
, ATL.COM-PHYS-2011;1426

£

il bld

2

J do (top plot) of the reconstructed tracks : -

with respect to the PV for 2 different 9086 4 20 246 80

Ratio

number of pileups: I d[mm]
> The tails are sensitive to the rate “ E ATLAS Preliminary = P feooniir 4
of secondaries and fakes. No ¢l ]
significant increase in the fake 2o T ——— E
rate observed. EE - -

o Good z-resolution of primary vertex i ATLCOMERYSZ0TIANE . 5
(bottom plot) important sul. N
at high luminosities af T ree————

0.8
5 10 15 20 25 30 35 40 45 50

Number of tracks
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http://cdsweb.cern.ch/record/1386234

measurement of the centrality dependence of J/y yields

—~ very first results on 6.7 pb' 2010 data Phys. Lett. B 697 (2011) 294-312
~ minimume-bias trigger, centrality percentiles

defined from the total transverse energy, >E;¢2,

measured in the forward calorimeter (Fcal), meas -

covering 3.2 < |n| < 4.9. NS (g > ) = 6((11//1’;; LVLVCM -
~ centrality-dependent suppression observed in

J/P mesons produced in the collisions of lead ions

© [ T T 1 T T — T ] T T T T T —— Q 1 .5 L I [ T T T [T T T T T T
© - ATLAS - © | ATLAS
> Al - >
S 20F Pb+Pb\/s,, = 2.76 TeV S [ Pb+Pby/s=276TeV I
~. B % - .
g Expected yield fromR__ _ § . -
% 15 —— iy yield . ‘T 1_
e | ] £ | |
i _ corr o
[ Re = N™/Nyg g0z - < + I
10F _F i 4+
i + i 0.5 —
5l _‘ _ _
: T i - 1
I , : i ch = R¢/Reoll .
0_ [ T N T T AR T T TR TR S S A | 0 R (AT N T ST SN NN T NN SO AT N S
0 20 40 60 80 100 0 20 40 60 80 100
1-Centrality % 1-Centrality %
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heavy quarkonium physics

~ Charmonia (cc) and bottomonia (bb) provide a good testing ground
for p-QCD studies

~ Production not well understood, Color Singlet (CS) and Color Octet (CO)
mechanisms describe pr spectrum observed at Tevatron but polarization

predictions disagree with measurements T/t

® Onia production occurs through:
> Prompt production:
Direct production, Color singlet (CS) LO diagram
Feed-down from higher quarkonium states. c T/
2 Non-prompt production:
From decays of B hadrons (only charmonium).

Color octet (CO) LO diagram

~ Experimental hadron spectroscopy has an essential role in understanding
of the QCD, LHC allows reaching higher pr and rapidity regions.
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charmonium

~ Bound state of cc with many excited states
~J/W and its radial excitation Y(2S) are easily
observed with the detector
~BR(J/Y - py) ~ 5.97 %
~ Important for B-meson decays studies

v(2S)
@s) . .V |
n, X \},
hadrons ¢ \ x ()(1 P)
.r [
¥ hadrons hadions
n,x?
o ® QCD test-bed (Cornell potential model)
, J/p(18) ® Mass difference between 0+ a 1~ state is
n(18) due to the spin-spin hyperfine interaction
® J** triplet mass splitting due to spin-orbit
hadrons hadrons ¢+ radiative and tensor interaction
JPC — 0—+ 1— o++ 1++ 1+— 9++
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J/P differential production cross section

~ J/Y candidates identified through di-muon decays:  Nucl. Phys. B850, 387-444 (2011)

' : ~ B° XAOT oo SxXTOE o
experlmentally Clean’ BR 6 /o 50 r ATLAS e Data E 16*ATLAS e Data ’f
jL\{d_t 25 pb" = ] 4= IL\gt 25 e =" E

C i P Bkg. comp t po— N . Bkg. comp it

o~
o

12F
10F
8F

~ Separate events into bins of

G = 46 MeV
pr—rapidity for differential analysis 1

N
o

6F
4
2

Di-muon candidates / (0.08 GeV)
w
o

\
Di-muon candidates / (0.08 GeV

-
O o
T T

~ Per-candidate weights applied to
. .. . o N A T e PNVAPNPRTI
correct for detector inefficiencies from: 2252426283 9 345‘52[%% 222242628 3 Tﬁ%&%ﬁvj‘

muon reconstruction, trigger efficiencies,

and detector acceptance =
o 6
Bin migration ID reco efficiency :'—5
(per muon track) S
S 4

w™'=[AHMNEL|E ulpr. 1) - € ulpr, M)

Detector

\ R tructi i
acceptance econstruction Trigger

efficiency efficiency AN s

15
(Absolute) Jhy rap|d|ty

~ Binned fit to weighted mass-distributions determines
corrected yields in each bin: Iy
extract differential d*a(J/¥) Br(J/y —» utu) = Neorr
inclusive cross-section dprdy L - AprAy
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J/LlJ n O n = p rO m pt fraCt| O n xy displacement of Invariant mass of

candidate from PV ( J / W ) candidate
~ Discriminate between prompt and T= IET(J/W )I
non-prompt components from 2-d mass-lifetime fit » j BT EEno

prompt J/P have t consistent with zero
non-prompt J/Y have 1 >0
~ Measured T is convoluted with the detector resolution function

Nucl. Phys. B850, 387-444 (2011)

T | T T T | T T T T T T I T T T 2 T

NN AL A | | | " i
10 aTLAS . Da 4 ~10FarLas o B E
- = Total PDF ] )] B = Total PDF il
8_ N \s=7 Te\{1 b “SCTRETERT B%gkground Component 1 o - V=7 Te\{1 """" B%gkground Component i
Ldt=23pb : i Ldt=2.3pb i
To) | =ik IR | iammeda Signal Non-Prompt Component | Te) - ol S S\ TRREPPPPeR Signal Non-Prompt Component{
— 10 : -------. Signal Prompt Component — 10 feihel Signal Prompt Component ]
S W E Iyl <075 3 o 'VE 2<|y|<2.40 -
- [ 1 -~ .
) . - 2 & &
-+ —
s 1F s -4 & 1F -_ ( ? 9 E
> E E > - :n ‘. + A
Wb 1 WoF : \ :
10_1:_|..|.: b teeN L 10_15_.|...|.§:" ,||‘,\|_E
4 2 0 2 4 6 8 10 -4 2 0 2 4 6 8 10
pseudo-proper time [ps] pseudo—proper time [ps]
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J/LlJ n O n = p rO m pt fraCt| O n xy displacement of Invariant mass of

candidate fr;m : candidate

~ Discriminate between prompt and (/)
non-prompt components from 2-d mass-lifetime fit j pr of candidate

N [ ‘ RS | e ] YR ™

'% 0.9F e ATLASVs=7TeV, ly,,|<0-75 3 '%0_93_ .lATLAS\E:T TeV, 0.75<ly, |<1.5 =

= E 0 CMS\s=7TeV, |y |<1.2 1 & E o CMSvs=7TeV, |y, |<1.2 =

< 0.85— o CDF Ys=1.96 TeV, ’I"yw|<o.s E %0.85— o CMS \s=7 TeV, 1_,:,’:‘|yw|<1_6 E

. Non_prompt J/LlJ *§ 0.7;— Spin-alignment envelope = “§0_7;— Spin-alignment envelope =
. B 0.6 - Zos6F _+__
fraction as a S B 5. -
. £F  amas ++ 1 2 F amas ++ ]

fU nCt|On Of 50.4:— J-Ld1~2.3 pb’ ﬁ&éﬁ E 3Q0.4;— f'—d1~2-3 pb" ;@* =
Eosf 1 4 Eos3f =

momentum 2 0.2f PL, 1 Soof hﬁ’rﬁ*f :
for different SoME  6op0puen®® 3 S0t ? E
T ' o ‘ L . 0 E, ; L e . o
rapidity regions 1 10 vee 1 ” o [GeV]
£ TgET A — 3 ¢ 1g ————— — ]

b Ye”OW bands % 0.9t .lATLAS \s=7 TeV, 1_5<\ny |<2_CI) _E % 095_ .‘ATLAS\'E=7 TeV, 2.0<|ij |<2.4I- _E
@ TFE 5 CMS\s=7TeV, 1.6<y |<2.4 i 8 TF ; Vs=7 TeV, 1.6<ly _|<2. =

represent = 0.85— Spin-alignment envelo)::;gv = E 0.8~ g:)/ilr?-alignin-lt-en\t/elviltla?;w' B E
polarization §07F 4 fof E
. 8 0.6 —<}— - B 0.6F =
uncertainty Sl 4 3 8,0 E
§0'4§ ]gTLAs g 5 = :?0'45 ;Jgn.As E

w 04 |Ldt~23pb’ - S04 |Ldt~23py’ =

£oaf #ﬂ'@ 14 Eoar + {;H— =

80.2:— 3 t E %0.25— . % ﬁ'{'}# =

& F o 15 F a ]

2o, NN © 00 o, DNl 0 -

! 10 oYY [GeV] 1 10 Py [GeV]

Not updated to newest CMS result, see JHEP02 (2012)011 Nucl. Phys. B850, 387-444 (2011)
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J/W: non-prompt cross-section

—~ non-prompt cross-section agrees well with FONLL* predictions

Non-prompt cross-section

v ATLAS |ny-|:|<0'75
Il Spin-alignment envelope
% FONLL B— J/yX

T

-
N
(7}

IIHI\Il IIH|,|_|J,| I\II\UJJ \I\ILI,I,IJ IIIIIHII 111

&n

s=7 TeV

J-L di=2.2pb"
|
10

Br(Jy—wtw)d?s™" "™ /dp_dy [nb/GeV]

S
_I'l'I'I'I11T| II\IlHll |mrrrr| IHHlTI" TTTT

10°
P, [GeV]

T
Non-prompt cross-section
s ATLAS 15 <‘yﬂw|<2'0

—
o
[

Il Spin-alignment envelope

=
[
o
~
=
> 10° I FONLL B— J/yX
Un—
[o3
e 10
a
5
5 1
c
2
o2 10"
= ATLAS
102 Ve=7 Tev
T
-1

" Ldt=22pb
:’%103 _[ p
~— 1 1 L L |
= 10

P [GeV]

*Fixed-Order Next-to-Leading Log
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Non-prompt cross-section
1 ATLAS0.75 <|yJN|<1 .5

Il Spin-alignment envelope
3% FONLL B— J/yX

102

LIl Al IIIH|J,|,| I\I\Iul,l L

S
IIIIIHI‘ IIH|'|'|'|" II\I"ﬂl_rrmll TTTIT

-3
10°E ArLas
\s=7 TeV
-4
110 _[Ldt:z.zpb"
3,50
510

10 pl¥ [GeV]

I

Non-prompt cross-section

e ATLAS 2.0 <|3,(Jn|‘|<2.f,I
Il Spin-alignment envelope
#% FONLL B— JiyX

<
||| T \IHI'IT’_

T

| III\IIII | IHHIIl 1 \IHLLIJ_

107 =
102 ATLAS

; \)E: 7 TeV
103 ;_ _[L dt=2.2pb’

Br(Jy—p ') de™" "™ /dp_dy [nb/GeV]

10 pLY [GeV]

Nucl. Phys. B850, 387-444 (2011)
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Heav

J/Y: prompt cross-section

Color Evaporation

= L R 2 MR N S N S I R R
. < Prompt cross-section
mOdeI - % 10 v ATLAS |y |<075
= Spin-alignment envelope
nOt a gOOd %‘ 1 —— Colour Evaporation Model
. cl"1 ol B8 NLO Colour Singlet
description of 2 BB \NLO" Coour Singlet
5 102
a
o
shape £ 100
+3.
Z 104 ATLAS
1 Ns=7TeV
Color Singlet 2105 (oot nous
g 210 J.Ld1=2.2 pb
m

modeI@NLO o0 0 0 a0 w0 ‘(Jslo' 70
Py [GeV]

good shape

description but

underestimating

the scale

L I S T B I L
Prompt cross-section
] =« ATLAS 15 <|ny-|!|<2'0
Spin-alignment envelope
—— Colour Evaporation Model
S NLO Colour Singlet
S8 NNLO* Colour Singlet

— —

o o

[+ w
TTT T HI\lTI" IIIHFITl_

T
o

IIHIHIl IIIHL||| I\II\LI,IJ IIHIL|,L|__

Color Singlet
model@NNLO:
significantly better
than previous models

ATLAS
Vs=7 TeV

_[L dt=2.2pb’

P I T T T NN TN N R 1
5 10 15 20 2&;)/ 30
P [GeV]

St u)d6™ ™ dp_dy [nb/GeV]

>
5 10°
@

i
5 3
ow II\HW TTTT
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B A o s o B I B

Prompt cross-section

. ATLASU.75<|yW\<1.5
Spin-alignment envelope

—— Colour Evaporation Model
PR NLO Colour Singlet
BB NNLO* Colour Singlet

“W)dP6”™/dp. dy [nb/GeV]

= 1o¢L ATLAS
T Vs=7 TeV
2 ek

i
210 J-Ldt=2.2pb
o

| -] I L -] I | T | I T | T - L L L 1
0 10 20 30 40 50 60 70

Prompt cross-section
. ATLAS 2.0 <|yw|<2.4
Spin-alignment envelope
—— Colour Evaporation Model
S8 NLO Colour Singlet
B NNLO* Colour Singlet

T

ATLAS
Ns=7 Tev

J-L dt=2.2pb’
L | 1 L L 1 | L L 1 1

0o 5 10 15 20 25 30
p7 [GeV]

Br(JAy—pw)d?6™ ™ /dp_dy [nb/GeV]

Nucl. Phys. B850, 387-444 (2011)
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spectroscopy: observation of x_(1P) state

~ Contribution to S-wave charm(bottom)-onium states through feed-down

of the P-wave ¥, and X, states considerable (~ 1/3)
Measurement of these feed-down - . IATLAS-CONF-2011-1§6

. . > - - - 1 =
processes .key in overgll understanding 2 oo+ ata2010 ATLAS Preliminary
of quarkonium production © "' —Fit Resutt Vs =7Tev
~ [-Xy JLdt:SQ pb’
. 8 """ xcz
~ Experimentally, observe x. through 2300 oy cround T —
L] p,(x,) > 10 GeV. Iy(y_ )| <2.4

its radiative decays to J/\:
Challenge of reconstructing soft-photon 200
through calorimetry or tracking
(via conversions to electron pairs). 100

N(x )= 2960 + 120

a=0.962 + 0.062
6=2.7+ 1.9 MeV

- Construct the Mass difference:

Am = m(ppy) — m(pp)
Effectively removes contribution

of the di-muon resolution. -

255 <M(p'w) <2.80R

40 + 3.45 < M(u'w) < 4.0 GeV]

~ Xc Observation using photons identified = ok . . . . . . . T
in electromagnetic calorimeter. M)t [MeV]
Background shape determined from di-muon sideband region.
Xco contribution neglected — small branching fraction through radiative decays.
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bottomonium

Bound state of bb

Richer structure than charmonium
due to higher BB threshold
Three states Y(1S),Y(2S) and Y(3S)

decay to pu pairs with BR about 2%

. x10°

% | ATLAS Preliminary
;40_\@=7Tev ILdt=0.24fb
E -

e o

o

>

L

—e— Data 2011

— Signal fit

------ Background fit —
Barrel + Barrel i

o(Y,g) = 0.119£ 0.001 GeV

N(Y o) = (74.1+ 0.5) x 10°
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—
o
o

—
o
N

—
O
no

—
o

9.8

9.6

9.4

9.2

Observed bottomonium radiative decays in ATLAS, L= 4.4 6

- ATLAS :
- T(4S - —
............. = B8 threshold.

i & %,BP) T potential |
B :E Mass barycentre model 7]
~ Y (3S) I e omversions) 7]
B R 111 T ] ee—
- I Wworld —|
i :.. ) :?.:. MH?E;E;QOZL averagias |
B Y(28) ¥ i
L .': :: { Tnyp—
i T R —

o Mass barycentre World
— 0o averages —]
- é-' ," _]
_ % 4
- Y(1s) f .
n . i
I 1 (0,1,2) i
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~ Observation of x, system similar to x.:
observed through radiative decays to Y
Y identified through di-muon decay

~ Data from 2011 at 7 TeV: 4.4 tb"

~ Photons identified through both:

Calorimetric measurement:

High efficiency

Threshold reconstruction energy: 2.5 GeV
Tracking-based through conversions

(y - e*e” in silicon of the inner detector)
Small probability(conversion) x reco. eff.
Lower threshold pr >1 GeV

Photons not compatible with originating
from di-muon vertex rejected.

Marcella Bona. QMUL

spectroscopy: observation of X, system

Recent Heavy Flavour Results from ATLAS

Phys. Rev. Lett. 108 (2012) 152001

—_ 140 T I TTT | TTTT | TTT | T I TTT | TTTT | TTT | T I
g - ATLAS .
= 120 § 7
& - Ldt=4.41b .
o 100; + * Data é
*% 80 * + Unconverted Photons_]
% : + + p(u'H)>20GeV ]
8 60— + Eq(y) > 2.5 GeV ~
= N ]
= 40 + + _
= i ]
o0k +++++ =
B + ++ 4
= + + + _
07'"'"-'-'-'--'-'-"-'-"'-'-'*--*'-*M@M
0 1 2 3 4 5 6 7 8 9 10
p,(7) [GeV]
Zl D'__ :\ TTT I TTrTT ‘ IIIIIIIIIIII I IIIIIIII | TTT1T | TTTrT I TTT I:
TIS 0.14F H ATLAS
—Z g |
0.12F i det =4.41" ]
0.1 * « Data: 9.25 < m(u'y) < 9.65 GeV
0.083— + i Data: 9.80 < m(u*u) < 10.10 GeV_f
0.06 h Converted Photons_:
0.04 {ﬂ -
B bt i
0.02[- t ? —|
by N
0_\ T N RS | |*|*|’|I|'.‘|tml'“ ) AN T TN R
0 1 2 3 4 5 6 r 8 9 10

p,(Y—e"e) [GeV]
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observation of x,(3P) state

~ New triplet states observed

via radiative decays Xy —» Y(1S,25) y

LA R B R B E
ATLAS

S o ©
RRRRN

o
|

Di-muon candidates x10° / (50 MeV)
- N W A OO N @
T

o
[

. Data.l. Ldt=4.41"

A- Y(1S) selection
B - I'(2S) selection

®o
T

5 9.0 9.5 10.0 10.5

11.0

m(uw) [GeV]

~ Plot Am+m(Y) distribution:
Xp(1P) and x,(2P) observed.

First observation of new ¥, state.

Interpreted as x,(3P).

~ Using converted photons:

9.6I
m(x,(3P)) =10.53 + 0.005 (stat.) + 0.009 (syst.) GeV

consistent with predictions

D@ confirms a similar signal: see FERMILAB-PUB-12-084-E
Marcella Bona. QMUL

)

— | L —
2 70 ATLAS o
= f det: 440"
a 60 =
vl B ® Data 5]
¢ 501 Fit =
% - Unconverted Photons ! 3
o - & Background ]
© 40 e
| - ]
@ B T
O 30F =
|?.- = -1
2 r ]
= 20 -

1o [ 'N&T Tl LN +—:
O: I L - -.I L ‘ 1 1 L I L L L | L L L ‘ L I+ L
9.6 9.8 10.0 10.2 10.4 10.6 10.8
2 U
mpy) - mup) +m o [GeV]

S‘\ 220__ I T T T | T T T | T T T I T T T | T T T | T T I__
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e i T TP Background to T(1S)y
o 160~ =
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o 140 —
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Recent Heavy Flavour Results from ATLAS
Phys. Rev. Lett. 108 (2012) 152001
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B-hadrons mass signals, updates 2011

ATLAS-CONF-2011-105
L B L RN IR |

= F I e Dat
E 250:_ ATLAS Preliminary || %  ------ ;i't o ?Eﬂat ibuti
- In the fIrSt data (2010'2011) (o)} N \,-s=?r-:31mary Ba?ck.ground contribution ]
- i " M =5278.5+1.2 MeV ]
masses of all B-hadrons TA0F Jreow N, = 781+ 45 ]
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B-hadrons mass signals, updates 2011
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B-hadrons mass signals, updates 2011
ATLAS-CONF-2011-124 _
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ATLAS-CONF-2012-055

N\, mass and lifetime

~ update to total 2011 data: 4.9 fb'
< No® - J (Up) A° (pr1T7)
~ background from prompt and non-prompt J/y
~ simultaneous unbinned maximum likelihood fit DG
to mass and lifetime o L
~ mass result competitive with the world average PT
= 5619 7 -+ O 7(stat) + 1 l(syst) MeV Ta, = 1.449 + 0.036(stat) £ 0.017(syst) ps
1 = 5 BELIEE TURELE EANLLE LS ILERELE BRCLILEN S R
% 8005 ATLAS Prellmlnary m,. =5619.7+0.7 MeV ] § - ATLAS Preliminary - 1.449+0.036 ps]
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T = emFiitedmece! Ny = 5970+ 160 1 B [ ' Tpkgo = 0-26£0.05 ps ]
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()EL-JJ_AJ.r“T...l....'i'""r---....;...JJJ1LE e ..§:|...|... A . . ...|.|.|...:
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= 7A, /7T, = 0.960 £ 0.025(stat) + 0.016(syst)
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ATLAS-CONF-2011-092

Heavy lon Collisions at the LHC Era

. . 31045"'|"'|"'|"'|"'|"';
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o - Total Fit .
; i —— Signal }
~ lifetimes measurements are the £ 10°F T Prompt ity Baskgrourd. 3
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search for rare decays: B - MU

6 O

? 4.52— UTsit
m” 4
~ flavour changing neutral currents (FCNC) are 3
highly suppressed in the Standard Model -
» expected Bs — pu SM branching ratio: 1:_
(3.2+0.2) 10 .
Buras et al., Phys.Lett. B694 (2011) 402 °'Z """"""""
(3.5+0.3) 10°? © Y BREN)

BR(B_—I)
UTfit prediction

~ B to pp branching ratio might be substantially o f 0,010 Ty
enhanced by coupling to non-SM particles B, W H?, L
» being the SM well under control < A it

this channel provides a powerful
method to peek into NP

b W3X_ I+
~ orthogonal search for physics beyond the teuld  1lv
standard model s(d) -

» can reach higher scales wrt to the direct search w1’
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Phys.Lett. B713 (2012) 387

analysis strategy @ ATLAS: 24

7
6 - LHC Delivered

- [_] ATLAS Recorded
5
4

~ Integrated luminosity 2.4 fb-' used
~ Relative BR measurement:
e partial cancellation of uncertainties:
on luminosity, cross-section, ..

[ Total Delivered: 5.61 b’
Total Recorded: 5.25 f&5'

Total Integrated Luminosity [fb

» reference channel (B* - J/WK*, J/P — p+p-) 1 E
* blind analysis: signal region + 300 MeV around B; 2810
® limit placed using CLs method

/02 30/04 30/06 30/08 31/10
Day in 2011

L

EBs—pp ABg—spp

~ Signal extraction:

® event count in “signal region”

® “subtraction” of sidebands: interpolation from 50% of sidebands (even events)
~ Signal-background discrimination:

® selection based on 14 variables

® multivariate analysis (BDT)

®* 50% of sidebands to model background (odd events)
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. Phys.Lett. B713 (2012) 387
analysis strategy @ ATLAS:

~ Relative BR measurement:
e partial cancellation of uncertainties:
on luminosity, cross-section, ..
e reference channel (B* - J/YK*, J/P - p+p-)
* blind analysis: signal region £ 300 MeV around B; mass blinded
® limit placed using CLs method

—_—_——
BR(B* — J/pK*+)l "B juKE ABE K

1
t gkt

BR(B; — pp) = NBs—muNB

EBs—pp ABg—spp

~ Efficiencies & acceptances
® Derived from simulation (“calibrated” on data)

€ - A - (Nreconstructed and selected/ Ngenerated)
® Reference channel (B* - J/K*) selected with as-close-as-possible selection
~ BR of the reference channel and relative production rate f/f
> taken from PDG and the latest LHCb results
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background composition

2 continuum:

> dominated by non-resonant bb production

with puX final states — real muons
» smooth shape in the di-muon mass
» 14 discriminating variables used

in a boosted decision tree (BDT)

to discriminate against this background

» measured by interpolation from

sideband data into the signal region

J resonant:

* B -, hh, with hadrons
misidentified as muons

® mainly B - K*rt/tr1t decays

* BR x (fake rate) = 10°
close to the SM B; to pu BR

® similar decay topology
— hard to suppress

e contribution estimated from MC:
currently still quite small

Marcella Bona. QMUL
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Recent Heavy Flavour Results from ATLAS
B. signal (MC) vs background (sidebands
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signal and reference yields

Recent Heav

Flavour Results from ATLAS
Phys.Lett. B713 (2012) 387

> SN B
© 900
~ keep selections synchronised and 2 g A74°
same BDT to minimise systematics £ 7oo§—det=24fb.1
—~ Inclusion of per-event mass 0 600F-
resolution in the fit 500~
400
7|max Range 0-1.0 1.0-L5 1525 . E
BT & J/WKT — ptu— KT | 4300 1410 1130 ,o0E
statistical uncertainty +1.6% +2.8% +£3.0% 100:
systematic uncertainty +2.9% +7.4% +14.1%

w— it
— B K* JAy signal

— Combinatorial Background
Partly Reconstructed Decay

= B*— J/y " background

Data

T R P A YT T AT Y S
IR NN NN RN RN AN NN NN NN

05300 5100 5200 5300 5400 5500 5600
- opening the signal box M- [MeV]
I <1.0[1.0< |n| <1.5|1.5<|n <25
Even events in sidebands. 5 0 2 Optimized
ideband Expected background events in SR 3.86 0 2.28 search
Sldebands Expected resonant background 0.1 0.06 0.08 ,
Observed events in SR 2 1 0 window
%3,5 T T %3,5 T L %3,5 T T T T
= ATLAS = ATLAS = ATLAS
2 3% el my [N max| < 1.0 2 s 1.0<[Nnarl < 1.5 . 1.5 < [Nmax| < 2.5
% o5 Lot=241b" i g?E}.L*u'MCﬁOX) 22.5 Ldt=24fb" i g?i,a“*p'MC(mx] 22.5 Ldt=24fb" 1 g?l,awp-mc(mx)
’ 2 - 2 # 2

%g00° o800

60 MeV resolution
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8 %800
Mhs MeY] 80 M% resolution M Mev

signal peak 10 times enhanced

o

4800 35 H E E% 5;;0 ég U 588

110 MeV resolution ™M MeVl
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Recent Heavy Flavour Results from ATLAS
+ Observed CLs

----- Expected CLs - Median

- Expected CLs + 1c
|:| Expected CLs+ 2 ¢

Heavy lon Collisions at the LHC Era

CL,

upper limit

107

~ Upper limit extracted with modified
frequentist (CLs) approach
~ Limit expectation at 95% CL

10° ATLAS

~ Even-event sidebands: 2.3 10 jidtz:;
~ All mass res.olutlc_)n bms_r;nerged 103;— BR(B. _ )
(for comparison): 2.9 10 - <2.2 10

~ Observed limit at 95% CL: 2.2 108 |@95%CLs |
n 1 2 3 4 5
LR~ eagaanan T ]  BR(B{-uW)[107]
= oa:_ ATLAS+CMS+LHCb
» ATLAS result combined e B~
with CMS and LHCDb :
» Observed limit at 95% CL: 4.210° >}
0.2
I B T I w : F
ATLAS-CONF-2012-061 SRS
- LHCb | LHCb : Compatible with SM
Mode Limit ATLAS | CMS 2010 | 2011 Combined signal within 10
Bkg Only | 23 (3.6) 65 3.4 K. (1-CL;.5=84%)
BY— ptp~ (107°)  Bkg+SM 8.4 .2 6.1 p-value bkg-only
Obs 22 7.7(72)| 56 4.5 4.2 hypothesis (1-CL,):
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Al and @ measurement from Bs —» J/Y@

—~ The time evolution of the meson Bs and Bg is described by the superposition
of By and B, states, with masses mg = Ams/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[3s),
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 .
>
'
b ! <

b
o 3 C § >
: I
o T s
< 5 b < <
t,c,u

Decay amplitude with mixing (p,) Amplitude with direct decay

If B/B flavour at production is not determined (not tagged), the fast

oscillations cannot be observed, but interference terms remain if the final

state is described by a superposition of amplitudes of different CP values.
Marcella Bona. QMUL
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V4

A
angular analysis in B - J/{@ )
A y K
~ Inthe decay Bs(Bs) — J/we — - K+K- 6, I \m g
different components in the J/

angular-distributions amplitudes

v
correspond to CP = +1 or -1 I

J/ rest frame

~ The “transversity angles” are 4
used to describe the angular distributions

P Analysis using data collected in 2011, corresponding to 4.7 fb

P Signal extracted from a maximum likelihood fit:
/the signal with amplitude f;

In L = Z{wz ‘ 1n(]cs : Fs(mzatzaﬂz)"" fs . fBO . FBO(miathQ’i)
=1 ‘I‘(]- — fs : (1 + fB/O)lvakP:(mhti) Q'L))} IIIP((SJ_)

the prompt and non-prompt combinatorial the background due to B® — J/p K*°
background described with empirical angular . .

and B° - J/Y Krtwith amplitude f
distribution. (No K-ttdiscrimination.) v P %
w; describes a small trigger inefficiency (~1%)..
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results of the fit

In L= {w; In(fs Falme,ts, %)+ fs - fro - [Fpo(ma, ti, )
(= fo (U fp0) Foke(mas £, Q) } + InP(61)

T T T | T T T
—— Data

> 2000_II T T I T T 17T | T T 1T | LI | LI I L | TT T T | T T 11T I T T T 1T I T 1T T1T_1°7] w
(o} C 1 &
= — ATLAS Preliminary —— Data 1 X 10 — Total Fit —
1o 1800 - (s=7Tev — Total Fit - g = "o otal Signal E
& C fL dt=491" - -- Signal 1 Z - STETE BH S_|gna| 3
. 1 600 - ammn BO_>J/ K*O Back round ] 7)) B .'_ IIIIIIIIIII L Igna N
i) - oI 9 4 E - : — - Total Background -
c - g o N Prompt Jip Background
o 14001 1 2 103 : =
LI>J - 1o = ’ ATLAS Preliminary 3
1200 7 B ¥ s=7TeV i
- . - 1 fl_dt=4.9fb‘ -
1000/ - e
u ] = i 3
] ' G
— I : g- 1
600~ ] - L ]
N ' . . |
400--  TOF
200 S, = -l .
L , s ] :- I.
I A |._|.L=‘\‘.I-H-r'('|"l'r1'r"]'I'ﬁ';'\"l--unm-\.w-J-s-Jn.-L.Ll.a sl | 'J | L |
o BT T T sy 8 a2 | =
) T E T 2 -
© © 1E _E
2 2 0E S
< s IE =
2E IE
: 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]
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result for ¢s and Al's in Bs —» J/Y@
~ The Bs - J/Y @term in the likelihood is invariant under the transformations:
{¢s,Al's, 41, (5”} — {r — ¢s,—Al's,m = 61,21 — (5”}

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

The ATLAS analysis favours values of ¢s close to 0 (1),
for which an untagged analysis is scarcely sensitive to the phase d-
so we constrain the value of d;to 2.95 + 0.39 rad [from LHCD]
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.

Marcella Bona. QMUL

Parameter | Value | Statistical | Systematic

uncertainty | uncertainty
¢s(rad) 0.22 0.41 0.10 Correlaf o
Ars(pil) 0.053 0.021 0.008 = | Orreﬁ‘ﬂ Cfr? I|Cler?tsl AP [ 14 0P [ TAsO)F
Is(ps™) | 0.677 0.007 0.004 ¢ | 1.00] —0.13 | 038 | —003 | —0.04 | 0.02
[Ao(0)]* | 0.528 | 0.006 0.009 T P o0 [ 006 | o0 | oo
|4 (0)]* | 0.220 0.008 0.007 [4o(0)P 100 | 030 | 035
Ag(0)2 | 0.02 0.02 0.02 o R
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result for @s and Al's in By —» J/Qo

Likelihood profiles in the @s — Al's plane

014 oy constrained 02954 039180 —68%CL -]
& AT constrained to >0 -=90% C.L. i
;2]"’0,1 2 ATLAS Preliminary -I-gfa/nd(.:':trLd Model
0 1:_ J- Lﬁ : def\t:1 "":AFS ) F12COS(¢S)_:
0.08/- \‘:fjj —
0.06/- N
0.04 e
0.02 ; -

O_ T s e e e e

-15 -1 -05 0 05 1 1.5

- 0"V [rad]
(Statistical errors only) S

Agreement with the SM prediction
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—
<

comparison with other experiments

on the @s — Al's plane

- l 1 1 1 ] I I 1 1 1 I I 1 1 1 I ] 1 ] 1 I 1 1 1 1 I ] I I 1 I
- ¢ Standard Model é
- . DO 8fb"
— et [] ¢COF  10fb’
E B LHCb 03fb"
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— - =
E ! I — 68% CL -
= T 95%CL S
1 -
M =
Y B A, " C T $n s RO s = -
. Y w Se —
- f -~ ™ -
. theoe . « % S
[ bbb S i ===t T3
- = ATLAS4.9fb ", 68%C.L. 8lcorTstr‘amed t02.95+0.39rad -
- --'ATLAS4.9fb" 90%C.L.  ATconstrained tp >0 =
[ I 1 1 | 1 I | 1 1 1 I | 1 1 1 I 1 1 1 1 I 1 1 1 \IL I 1 | | 1 A
-1.5 -1 -0.5 0 0.5 1 1.5
ATLAS preliminary
J
¢_"* [rad]
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conclusions

~ Heavy Quarkonium:

It continues to challenge current understanding
data and theory gap reducing.

» ATLAS has measured/observed:
J/W: inclusive, prompt and non-prompt differential cross-sections
Xc observed through radiative decays to J/
Xo(1P) and x,(2P) observed through radiative decays to Y(1S)
First observation of x,(3P) state decaying to Y(1S) and Y (2S)

~ B physics:
» Benchmarks and standard-candles well assessed
» ATLAS has measured:
First analysis on rare decay B; — pu
Decay time and angular distributions have been studied in
Bs —» J/W @ events without flavour tagging.
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near future

~ Heavy Quarkonium:
Spin-alignment measurement will reduce
a dominant source of uncertainty.
» Measurements of:

Y(1,2,3S) and Y(2S)(— pp and — puror production cross-sections
P(2S) to J/P production ratios, di-onia production
and cross-sections of x.» systems,

will provide important input on the underlying mechanisms

of Heavy Quarkonium near the strong decay threshold.

~ B physics:
» Improvements, updates and new analyses in the pipeline
» Lots of statistics already on tape
update the rare B - pu decay search
B - upK* also being looked into
CP violation in Bs — J/U @ events with flavour tagging.
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backup
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Y: fiducial cross-section

This analysis uses 1.13 pb™
The cross-section of Y(1S) is measured as

Recent Heavy Flavour Results from ATLAS

Phys.Lett.B 705 (2011) 9-27

a function of the p+ in two bins of rapidity
(barrel In|< 1.2 and endcaps 1.2 < |n| <2.4)

Cross section measured within ATLAS fiducial

volume — no acceptance corrections, factors
out polarization uncertainty

and background templates

Backgrounds more
significant than in J/y,

Entries / 100 MeV

~l
(=]

(o2}
o

(o)
o

n
o

30F

Background from opposite side u + track sample
Likelihood fit to Y(1,2,39)

F T T | T T 11 | T 1T 171 ‘ UL
- 2GeV<p¢”<4Gev
F oy <12

r J.Ld1=1.13pb'1

ATLAS

—
S
o

—h
N
o

k.

Weighted entries / 100 MeV

- 2GeV<p'<4GeV
-y <12
- Nys) = 246125

- y2/ndf = 43.3/52
80

C J<Ldt=1.13pb'1 ﬁ

- ATLAS

o
O T

s Data 2010 -

— Fit result
—TY(18)

Y(3S) ]
Background

;'QLIIIIIII\I_
11 12 13

larger and more complex!
Use OS/SS p+trk data

m,, [GeV]
% B T | T TT | LI ‘ LI | LI | T 1T | LI I_
= 70 14Gev<p"<18GeV « Data2010 -
S L Moqo — Fit result
Q eoF IV 1<1 —Y(S) -
= | o5 B T (2S)
® 50f L I T Y(3S) -
£ [ x¥/ndf=236.3/31 Background]
(4] r -
40__ ]
8 r J.Ld‘£=1.13pb'1
530 ]
@ | ATLAS ]
B B + .
o] J.'I ._1:?':‘;3 r‘|.+] |||||

[JData, OS p+track
Data, SS p+track

10

10; « Heavy flavor MC 1 1 13
and HF MC to model - my, [GeV]
6 7 8 9 10 11 12 13

m,, [GeV]
20

Marcella Bona. QMUL



Heavy lon Collisions at the LHC Era Recent Heavy Flavour Results from ATLAS

. . . Phys.Lett.B 705 (2011) 9-27
Y: fiducial cross-section yoe

~ Results are not corrected for acceptance:
» defined within muon kinematics (pr > 4 GeV, |n|<2.5)
» removes spin-alignment uncertainty

% I T I T 1T T T I T 1T T T |. T IDlal.ta‘ |2|01|O| ‘ T T 171 % i 1 T I 1T T T T 1T T T |. T IDIal.ta‘. |2\O1IO\ | 1T 177
O ,q2| ATLAS & ..o ATLAS
5 1070 — NRQCD, Pythia8 §  J 10°F —— NRQCD, Pythia8 =
Q u ] rof E ]
= "S5 — [[Jcsmnwo = [ JcsmnLo
Ij‘ f_ — (direct only) I:i. e _*_+_ (direc‘t on|y)
" - . " i
3. 10 B = = 10 —a— =
& % —
% 1 _ + = ‘E/ 1E Jm— 4+7 =
m ; |yT(1S)|<1 2 — ; m -1 .2<|yT(1S)|<2.4
2. | mi<2s, pis4 Gev | 2 [ mi<es5, pi>4 Gev
© ©

41 | A1 _
o 10 E Ns=7 TeV,I Ldt=1.13 pb’ 3 10 E \s=7 TeV,I Ldt=1.13 pb”’
B Covv o e v b v b v b LT B Covv b b v v v Py Py 07
o 0 5 10 15 20 25 30 o 0 ) 10 15 20 25 30

p,"% [GeV] p." [GeV]

4 Colour Singlet Model prediction is low, but contains no feed down
from higher order states (NLO only)

4 NRQCD shows closer agreement (within ~2x),
although shape is not matched.
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J/P: spin-alignment

Acceptance: probability that J/@ survives muon cuts
However, acceptance depends on spin alignment
not yet well measured under LHC conditions

Isotropic distribution taken as central assumption

Take five specific working-point scenarios
use an envelope of additional uncertainty on central value

Relative uncertainty between different scenarios reduces at
higher pr.
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analysis strategy @ ATLAS:

~ Relative BR measurement:
e partial cancellation of uncertainties:
on luminosity, cross-section, ..
e reference channel (B* - J/YK*, J/P - p+p-)
* blind analysis: signal region £ 300 GeV around B mass blinded
® limit placed using CLs method

L

fs EBs—pp ABs—mu

B J/pK*

Single Event Sensitivity (SES)

corresponds to the B — "™ branching

fraction which would yield one observed
signal event in the data sample.

Marcella Bona. QMUL 492



Heavy lon Collisions at the LHC Era Recent Heavy Flavour Results from ATLAS

background composition

o continuum:
> dominated by non-resonant bb production with puX final states

> real muons
> smooth shape in the di-muon mass
> limited MC statistics available

* BR x (fake rate) = 10° 0.02
close to the SM B, to pu BR
® similar decay topology
— hard to suppress

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

0.01

""""""

in ATLAS :g = I | | | LI | L | L | T T 1T :

> measured by interpolation from 5 0.06f —B./E, -k« ATLAS simulation —
sideband data into > fFTmT Vs=7 TeV ]
the signal region g0 o : E

3 F - BJ/B KK BIH171 MeV i 1

J resonant: 0.04[ -~ B—»Km ir: : .
* B - hh, with hadrons F T i BAI33 MeV :
misidentified as muons 0.03F TR Rt YR

®* mainly B - K*Tt/Tt'mr decays - st 1167 MeV h -

Invariant mass [MeV]
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background composition

J continuum:
» select events based on their decay topology
> discriminating variables to distinguish between B and continuum
> 14 variables identified and used in a boosted decision tree (BDT):

B. signal (MC) vs background (sidebands) B* data (sideband subtracted)
= clear separation vs MC (weighted) = good agreement
2 F o 2 b
=y 00% ATLAS c [ ATLAS ﬁ
= - &o ¥s = 7 TeV ::_i \s=7TeV ég&
g — o JLdl=2.4 b £ E ILdT=2.4 o' # ;
E : O o] E E: 'y }
o r ‘" e
- o [5] ﬁ?‘ - A4 i%
L o [:éé\? - . '
e O B . ww
o 0 5] C Ay 5
- DrF% ;ﬂ? i 5 s
SRR ¥ 3 b ;
- : 2 i __ — *'t‘ i{
PRt e ol o L |||| |||||| NENI ERETE RN NI FRERE RSN ARSI NN AN
05 g1 02 03 04 05 -0.5 -0|.4 -0.3 -ol.z -{:!.1 ~:I:- 0!1 o.lz 03 04 05
BDT Output BDT Output
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Recent Heav

data-MC comparison for B to pp

B meson kinematic variables
weighted in MC to match
distributions in data

Agreement verified on Bx
data (sideband subtracted):

Residual deviations for some
variables
— accounted for in systematics

Isolation variable cross-checked
on B;— J/Yo control sample

- no discrepancies between
data and MC found

Marcella Bona. QMUL

x10°
é 7? | lllTL ASI . bata (S]|3 subtra‘cted)_;
T 6O , —]
e 5; Is=7TeV MC (re-weighted) E
S E* J-Ldt=2.4 fbo' e
o E =
3 ° =
- - -
28 - =
1= ., =
OE_ ++++ ° . . E
% e ‘ ! ‘ :
~ '1:-_'-_-|:pl|u-l—|—"‘1-|l-c-_1;n-|-l ---------- t ---------------------------------------- -
R + | 1| ‘
P S w
X 2 4 6 8 10 12 14 16 18
) L,y [mm]
m45>:<1U ; T T T T S p—
o = —e¢— Data (SB subtracted) =
T 4E . =
= MC (re-weighted) g =
5 _SE mE
*n'nz-gg_ ATLAS - I F
1.55_ \s=7TeV . N —i
15~ Ldt=2.41fb —— =
0.5E e *
O: . ee—— e— —
Q F B — —— | 7
= 2t —— —— =
« = —_ ]
T A e T T
0 0.2 04 0.6 0.8 1
lo7
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reconstruction and event selection

0 2, 3 or 4 prong vertex constraint depending on decay topology
o Primary Vertex selection:

» the closest in z to the B candidate

» Re-fit excluding B daughters
U Tracks:

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

> n| < 2.5 and p;> 4 (2.5) GeV for muons (kaons)
» tracks from the tracking systems matched to muon spectrometer

tracks
> 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 PN =
~ 14 variables identified and used |
in a boosted de_cis_ion tree (BDT): @tx\ Py
~ not correlated with invariant mass _y v
~ highest discriminating power @
~ highly correlated variables excluded S} . (background)
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discriminating variables

Exploit:

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

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

. Full reconstruction: pointing angle, Dy...

-1 B hadronization features: Isolation, p of the B...

ﬂ 5 | T T 11 T T 11 ‘ T L ‘ T T 11 T 1T T 71 I L I T T \7 w IIIIIIII I IIIIIIIIIIII | T | T | T I: 105_
c 107y ATLAS R 1 2 107 I
2 - \s=7TeV . E’ C (ATLAS . § ATLAS
- I - 1 11 40tk \s=7TeV 1 & 104-_ 527 ToV
o Ldt=2.4 b o g . ] = g 7
5 105 15 ; ( Ldt=24f" 3 O Edet=2.4 o =2
Q 10 3 a,,"LF i 8 -
=] =] F 797?’% E 5
=z 1Z 3 ’QVLM = c
8 10 = 8 21 1 Ak | O B
g -5 10% Doz @ 10°: .
E 18 -
sl 15 10_—EJ %; E
Zo 1024 - g - § 10; 3
- F
1 1 E
Vi - E T 1 i =
o 1 2 3 4 5 6 7 0 02 04 06 08 1
Ly [mm] Isolation (I, )

Marcella Bona. QMUL 47



Heavy lon Collisions at the LHC Era

Isolation and pile-up

~ Isolation variable: §
P é
B AR ©
PT +Ei Pr "c":-,J
c
tracks with pr > 0.5 GeV =2
excluding B daughtersin "o
the cone AR < 0.7, where —
AR = sqrt((An)*+(Ap)*)
—~ Solution: PV association of tracks:
» gets rid of the interference from

the other interactions
» |solation cut efficiency
IS now pile-up independent

Marcella Bona. QMUL
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Recent Heavy Flavour Results from ATLAS

T T T T T T T T T T T T T T I

- I497I MC}soIétioanith .PV.assloci‘atio‘n. !
——A—— MQC isolation without PV association
——@—— Data isolation with PV association
~——— & Dataisolation without PV association

ATLAS
\s =7 TeV

f Ldt=2.4fo"

~_1
L NN

reference channel | |,

L
4 6 8 10 12

Number of primary vertices
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Boosted Decision Tree (BDT)

Recent Heavy Flavour Results from ATLAS

~ Multivariate techniques used to combine the separation power of the 14
discriminating variables chosen.

~ Optimize estimator: €sig

4+ /g

(a=2 for 95% CL limit)

~ among the classifiers tested, BDT is the best performing
~ trained using B; —» p*u signal MC and

data from sidebands (50% of the events)
~ then BDT cut and mass search window optimized

by maximizing the estimator above
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Boosted Decision Tree (BDT)

~ Multivariate techniques used to combine the separation power of the 14
discriminating variables chosen.

B. signal (MC) vs background (sidebands) B* data (sideband subtracted)
= clear separation vs MC (weighted) = good agreement
2k 0 20
c [ 0.0 ATLAS = ATLAS ﬁ
> S Ys = 7 Te\ 2 F  fs=7Tev fﬁ&
2 L o ©° = - il » x " 4
o Ldt=2.41p S E |Ldt=241b h
E . O O E C o1 g
or o E
- o [5] ﬁ?‘ 4 44 ?}%
E o [:;5? - : i
e Ie) ER E W W
o] o EEJ E Ay
- o 0 rﬁl fﬁ 20 =
- A
o o] E
- Dﬁ] %I [ E
- -‘ i i | | | | | | %f
o 01 02 O3 EgA 05 05 04 03 02 01 0 01 02 03 04 05
BDT Output BDT Output

» optimal cut at ~0.25
» good S/B separation
» MC reproduces response on data pretty well!
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mass resolution categories

~ Three mass resolution categories are defined according to the
n of the muons in the final state

ID end-plate Soxe

B f Cryostat

Solenoid coil

R1150 ¢
R1088 o

mmo« e mi=2.0

g  TRT(barrel) Cryostat
2
563 | _ i
& #814 - mi=2.5
A443
RI7Y
R299 . Pixel PP1
—
& , g
'3° 400.5 580 749 034 1209.9 7.a 21182 2508 2720.2 -
495 650 853.8 1091.8  1300.7 Z(mm)

e I e Sy G 4

~ Mass resolution for di-muon candidates changes
substantially between barrel and end-cap detectors

Nmaz 1.0 1.5 2.5
Tm [MéV] 60 80 110
Relative fraction %] 51 24 25
invariant mass window [MeV] | +116 +133 =+171
BDT output threshold 0.234 0.245 0.270
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ingredient for the limit extraction

madl Ry, A% A%

Range Stat.  Syst.
[n]max Range 0-1.0 1.0-15 1.5-25 0-1.0 0274 31 31
BT = JJoK* = utp K= | 4300 1410 1130 10-15 0202 48 55
statistical uncertainty +1.6% +2.8% +3.0% 1.5-25 0143 53 59
systematic uncertainty +2.9% +£74% +14.1%

gt gkt Aty /Kt
EBs—pp ABy—spup

BR(B* — J/ypK*)

1/(4.45+0.38)x 103

Additional sources of systematics:

# vertex reconstruction efficiency in data/MC
# absolute K* reconstruction efficiency

# asymmetry in detector response to K*/K-

[PDG + LHCb]
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ingredient for the limit extraction

Mmaxl Ry A% A%
Range Stat.  Syst.
0-1.0 1.0-1.5 1.5-25 0-1.0 0274 31 3.1

1130 1.0-1.5 0202 48 55
1.5-25 0.143 53 59

|n|max Range
BE > JJUKE > utp K= | 4300 1410
statistical uncertainty +1.6% +£2.8% +3.0%
systematic uncertainty +2.9% +£74% +14.1%

gt gkt Aty /Kt

+ +\ fu
BR(B* — J/¢yK )ﬁ PR S

1/(4.4540.38)x103
[PDG + LHCb]

1.0-1.5

M| max Range
1.6

SES= (e€;) ! [10_87]
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reference channel yield

% 900 i L L e e e e E

g_ 500 g_ :ATLAS Data _g

 keep selection 2 oE \s=7 TeV ) —— Fi E
as close to Bs LI‘EJ' 500 3 IL dt=241b — B*K* J/y signal E
as possib'e c00 g_ —— Combinatorial Background =

-~ BDT trained for Bs = Partly Reconstructed Decays§
used also on B+, 4005_ = B‘— J/y ©" background _E

in order to minimize 300E- E
selection systematics 290 E

~ inclusion of per-event ~ 100L" E
= =

mass resolution in the fit  0"=—=55=—"5766 — 5200 5300 _ 5400 5500 5600
~ Systematic uncertainties m, ..[MeV]
on the yield
» Vary binning
» Signal/background

B* yield measurement only on even-numbered events
odd-numbered events used for MC re-weighting

models
» Binned/un-binned fit [Nmax RANEE 0-10 10-15 1525
BE = J/OKE >t KT | 4300 1410 1130
statistical uncertainty +1.6% +£2.8% +3.0%
systematic uncertainty +2.9% +7.4% +14.1%
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80 MeV resolution

. ~ 35
opening the box L
@ o= 7 TeV ™
. @ & —a— Data
i 60 MeV resolution E 25 |ld=24B'  — B MC(10x)
% . T LA | T Lﬁ
= ATLAS 2 .
% s=7TeV | ® Data i 5 ' "
g 25| JLd=24b  —— B,uw MC(10%) ; '
T 1@ ' e .
2 ' ' : :
1.5 i : : :
1 ole ||
l m,, [MeV]
05 signal peak 10 times enhanced
%800 .
V] 110 MeV resolution
optimized s =
o 3 ATLAS Ml <25
search 2 e T
window ‘E 25 |Ldti=24f" —— B, u'u MC(10x)
L
sidebands ‘. : i
5 - -
1@ o :
|n|<1.0 1.0<| n|<1.5 1.5<| n|<2.5 ' ;
LS ' '
Events in sidebands 5 0 2 . :
(unbiassad) %800 0 2 5400 0 8
Events in sidebands (biassed) | | | My, [MeV]
Expected bkg event in SR 3.86 0 2.28
Expected resonant bkg 0.1 0.06 0.8
Observed events in SR 2 1 0
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angular analysis in Bs — J/Qo

In the decay Bgs(Bs) — J/Y@ — I KK
different components in the angular-distributions amplitudes

correspond to CP = +1 or -1. 5
The “transversity angles” are used A
to describe the angular distributions:
V4 [t
A
I

¢ 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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the measurement of ATLAS in B - J/{@

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/P 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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maximum likelihood fit

N
In £ = Z{wz In(fs - Fs(ma, 63, 82:) + fs - fro - Fpo(m, ti, ()
=1 ‘I‘(]- — fs : (]- + fBO))~FbkE(mi7ti7 QZ))} + IHP((SJ_)

the signal with relative amplitude described by the parameter f..

the background due to B° — J/ K*® and B° - J/i K1t (non
resonant), described by the parameter f_o, constrained by known

branching fractions and acceptance (11% of signal amplitude)

the prompt and non-prompt combinatorial background described
with empirical angular distribution. (No K-ttdiscrimination.)
w; describes a small trigger inefficiency (~1%)..
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systematic uncertainties

Recent Heavy Flavour Results from ATLAS

Systematic f(rad) ALo(ps) Tu(ps ) [AOF JAOF |As(0)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.
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symmetries in the likelihood of B — J/Q@ analysis

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

{os, ALl's, 01, 5”} — {m — ¢s,—Al's,m— 61,21 — 5”}
{¢s,Al's, 01, 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.
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result for s and Al's in Bs — J/Qo
Likelihood profiles in the ¢s — Al's plane

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

'7';'0_14— 8] constrainedto 295+ 0.39rad  —68% C.L. -
& AT constrained to > 0 -=90% C.L. i
.0.12~ ATLAS Prelimi - Standard Model
Result of likelihood fit S S ATLAS Preiminary = Standard Mode)
Parameter | Value | Statistical | Systematic 0.1~ J. Lat=49f" g .. -
uncertainty | uncertainty - ‘\\ i
ds(rad) | 0.22 0.41 0.10 0.08- N
AT (ps™1) | 0.053 0.021 0.008 - -
To(ps™!) | 0.677 |  0.007 0.004 0.06 %% -
|40(0)[2 | 0.528 |  0.006 0.009 - % -
|A(0)]* | 0.220 0.008 0.007 0.04- LNy
|As(0)]> | 0.02 0.02 0.02 - : Vo
0.02- . -
Correlalon coefficients N S e N\
| [ 6. | AL, | T. |[Ao()F ] [AjOF | [As(O)F ] oL B it il R R
6 [ 1.00] —0.13 | 038 | —003 | 004 | 002 -15 -1 -05 0 0.5 1 1.5
| e ) ) e ~ 6 rach
| 40(0)? 100 | —-030 | 035 (Statistical errors only) S
e B Agreement with the SM prediction
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