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Synopsis

Why B physics at pp/ppbar?

detector and DAQ

trigger: the key to B physics
Selected examples

The X ,(3P) discovery

Hadronic Moments in b—clv (V)

B, Mixing (V.4 and new physics)

Rare B decays

Perspectives
Conclusions
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The Scientific Exploration
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b physics in the last ~10 years became a precision test of the SM
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The Flavour Sector

W
So , d d

Quarks couple to W through V. rotation in flavor spacel

Vud Vus Vb
VCK.\/I — Vcd Vcs Vcb
th Vis Vzb

Vekm is Unitary

Vud u*b + VCd c*l:) + Vld t; =0
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Flavour Physics

A prolific sector of the SM, where new physics could
still hide

Precision measurements are ruling out new physics
contributions in most cases

B factories have very successfully explored B, and
B, physics

pp and pp machines are source of: B ,B,B_B_, B**,
Ab, Eb,X b' Xooo

O (B) ~(few) b @ |y|<1 p;>5-10 GeV
O /0 5~ (few) 10° b <«
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How do we go about this exploration?

CKM meas. — discrepancies (or lack thereof) — new physics

/ the “ of the trade”

—Experimental (detector & techniques)

—Theoretical (phenomenological devices)

uncharted properties at the boundaries of our
knowledge

—Masses
—Lifetimes

—Branching ratios

further ahead and investigate
—Mixing
—CP asymmetries

—Rare decays etc.
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The experimental tools

*pp collisions @ 1.96 TeV

*Peak lumi: 4E32 Hz/cm?

*~100 Hz output bandwidth
*~10 fb"! collected in ~10 years

*Dedicated lifetime trigger

*~35 U m Impact Parameter resolution
* 0 p;/pr~0.15% p; (+) 0.25%

0 _(J/U-Y)~15-20 MeV

*pp collisions @ 7 (8) TeV
*Peak lumi: 3.6E33 Hz/cm?
*(>)300 Hz output bandwidth
*~5 fb'! collected in 1 year

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

/ | \
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

*Dedicated muon spectrometer
*~35 U m Impact Parameter resolution
. C)'pT/pT~O.O5% pr () 1.5%

*0_(J/¥-Y)~60-120 MeV (ID dominated)
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ATLAS commissioning and operation

ATLAS is a “brand new” experiment o 70 ATLAS Online Luminosity \5=7Tev =

e o . . és E |:|LHC Delivered E

Commissioning and operations 3 60 [ ATiAs Recorsed =

procedures developed from scratch £ . . -

3 - Total Delivered: 5.61 fb_1 B

Continuously coping with new conditions 3, T@lRecorded:s29m E

° ° ° § E E

Trigger strategies are complicated by g & E

all this = f ]

3 2 —

o . o - ]

Several 100’s of different selections, = b B

running in parallel - ]
“improvements” continuously coming in, 28/02 30/04 30/06 30/08 31/10

being validated and deployed Day in 2011

A dedicated team of experts works around the clock and is proudly
behind every single event ATLAS has collected so far!

We have been successfully running ATLAS over an extended period
with an average data taking efficiency of ~ 93%
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Triggers for B physics

ATLAS
Triggers:
Single and di-lepton triggers
Low luminosity (2010): single muon

CDF (I & II)

Triggers:
CDF I: single and di-muon triggers

CDF lI: specialized displaced track
triggers thanks to dedicated

hardware

As luminosity increases, bandwidth
requirements are more stringent

Potentially forced to higher p,

Lifetime-based selection early
enough in the trigger chain kept HF
physics “alive and thriving” in Run |l

A. Cerri -

As

triggers

High luminosity (2011): di-muon
triggers (+pre-scaled single-muon)

luminosity increases, bandwidth

requirements are more stringent

LPNHE

Potentially forced to higher p,

“cleaner” muon selections helped in
2011:
L1 4 GeV selections have been
made cleaner

We managed to run with constant
trigger thresholds for B physics all
across 2011
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The CDF SVT: a specialized B physics trigger

- The CDF Trigger

~2.7 MHz Crossing rate

396 ns clock

Level 1

*2.7 MHz Synch. Pipeline
*5544 ns Latency

*~20 KHz accept rate

Level 1
storage
pipeline:

42 clock

cycles

Level 2 buffer:

4 events
Level 2
* Asynch. 2 Stage Pipeline .
+~20 is Latency *As fast as possible
*250 Hz accept rate .
—Customized Hardware
DAQ
buffers

We developed, deployed, operated and upgraded
L3 Farm flawlessy the SVT: a great success for CDF Il
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Flavour physics success stories: CDF

3 CDF Run Il Preliminary J-L dt =5.94 fo’

x10
The Sig 4000 S N ——— st innovative
= :
and si o
Offlin %3000:_ ...................... ................................................ ....................................................... mne for even-'-
select & | |
O
.o I R 1 N N
CDF/" E 2000} ictory!
© i
1000_ ...........................................................................
ATLAS s - logy!

| | |
2.0
Invariant 7*K -mass [GeV/c?]
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ATLAS di-muon B physics triggers

Entries / 50 MeV

v(2S)

Trigger

—s— EF_mu20

EF_2mu4_DiMu ATLAS Preliminary
I EF_2mud_Jpsimumu

EF_2mud4_Bmumu

EF_2mud_Upsimumu

EF_mud4mub_Jpsimumu Y (1 S)

| EF_mud4mu6_Bmumu
B £F_mudmub_Upsimumu

| | IIIIIII

| | IIllIII

1 Y(28)

| llllllll

Illl

14

| I |
8 10 12
m,, [GeV]
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A few examples: few years ago...

P
Ag DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
J/(1S)A (4.74+2.8) x 104 )
A:' T seen 82 DECAY MODES Fraction (I'; /T) Confidence level (MeVic)
/\:' a1(1260)~ seen D_ anything (94 +30 )% -
— . *uypa i . E2.4) % -
AEL( Tganything [t] (9.24+2.1)% . gz w”mythmg - <(1;9 Y .,: -
Pﬂ- < 50 X 10 D (+)+ D (+) (23 121 )% _
/)K_ < 5.0 * 10_5 s ) S 13 '
) 3 J/(1S)é (93 + 33)x104 1590
' <13 <10 /(1870 < 1.2 « 103 90% 1788
I ——— | (1/)(15 )7 < 3.8 «10 3 a0% 1735
U(25) seen 1123
mtw < 17 <104 0% 2681
w070 < 21 x104 0% 2681
nwo < 1.0 103 90% 2655
01 < 15 %103 00% 2628
o p° < 3.20 <104 90% 2570
dp° < 6.17 <104 90% 2528
ad < 1.183 %103 90% 2484
Tt K < 21 <104 90% 2660
K+K < 5.9 « 109 90% 2630
K*(892)0 p° < 7.67 <104 00% 2551
K*(892)0 K*(892)° < 1.681 <103 00% 2532
GK*(892)° < 1013 103 90% 2508
PP < 5.9 %102 0% 2516
0% < 1.48 « 104 90% 2685
" < 1.2 « 104 00% 2588
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..and yesterday!

Mode

Fraction (I';/T) '

J/$(1S)Ax B(b — A9)
pDO7—
Aiw‘
Aj‘al(1260)_
Ajﬂ+ﬂ_ﬂ_
AKO 27+ 27—
/\j@‘ﬁeanything
+ T
Ac { Vy
Aiw+w_£_ﬁg
c(2595)+£_7g

C(2625)+f_ 17,
-(2455)0 7+ £~ 1,
T (2455) Ly,
ph~
pm-
pK™
Ny

N
N

(a]

[b] < 2.3

( 47+23)x107°

( 8.8+3.2) x 103

seen

(11.0£3.2) %
(50719 %
( 5.6+3.1) %
(63739 x10-3

(11738 %

x 10~3
( 4.0+1.3) x 1076
( 6.2+1.9) x 106
< 13 x 103
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Mode

Fraction (I';/T) Confic

D, anything

D_ £ vpanything

Ds1(2536) " pt vy,
Dy — D*" K%

D=+

Ds_p+

D;w+w+w_

DF K=

DI D]

Dy 7t

D p™t

o5, 070

D.(®)+p, (=)~

J/¥(15)¢

J/(18)m0

J/¥(15)n

J/¥(1S)K®

J/p(18)K*?

J/(15)5(980), £ —

J/(18)K(1370), £,
ata™

¥(25)o

ot
Woﬂo

!

[a]

(93 £25 )%
(79 +24)%
(24 +07)x103

(32 +05)x10-3
(74 + 1.8)x1073
(84 + 33)x103
(30 +07)x10"4
(108 + 92 %
(21 + 06 )x10~3
(1.03 + 027)%
(28 +10)%
(31 +14)%
(45 +14)%
(14 +05)x103
< 12 x 10~3
< 38 x 103
(35 + 08 )x107°
(8 +4 )x10~5
(120 F 349 x 1074
(34 + 14)x10°5
(71 + 28)x1074
< 12 x 10~6
< 21 x 10~4



Events /(20 MeV )

Events / (11.9 MeV )
- n N
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Open Beauty at ATLAS

ATLAS-CONF-2010-098, ATLAS-CONF-2011-050, ATLAS-CONF-2011-115
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X ., Observation in ATLAS
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arXiv:1112.5154v4 accepted by PRL

Observed bottomonium radiative decays in ATLAS, L = 4.4 6

Y(4S —
— .. B8 threshold
%, 3P) T Potential
/i Massbarycentre model
Y (38) {1 (Filea:  comversions
£ 4 AN ——
Do 1 (2P) World
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;','. {||||||||||||||||||||||||||||l|l|—
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.
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© L
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> [
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Something new: X, (3P)

New structure at
10.5 GeV
confirmed with Y
(2S) data and
with converted
photons

Significance: >60

uuy Candidates / (25 MeV)

220
200
180
160
140
120
100
80
60
40
20

ATLAS

II]IIIIIIII

JLdt —44f

IIIIllllllllIIIIIIIIIIIIIIIIIIIII

arXiv:1112.5154v4 accepted by PRL

X, (nP)D>Y(1S,25)y __ |
. [')ata:l‘(1S)}" E— Fit'toT(1S)}'
a Data:T(2S)y —— Fitto T(2S)y
----- Background to Y(1S)y

Background to Y(2S)y

Converted Photons

IIIllllIllIllllllllllllllllllllllll

1 L l 1 l‘:‘u 1 l L 1 1 L 1
100 102 104 10.6

10.8

mE'ny) - m'w) +m_ o [GeV]
M[ X ,(3P)]=10.530x0.005 (stat)£0.009 (syst) GeV

Consistent with theoretical predictions: the first new LHC particle!

ATLAS is a mature HF physics experiment!



Flavor physics pushing the SM boundaries
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Working our way through the CKM sides
«(p,n)

o]
S
=
S

S/
Sy

djs WT b
C
cb

V., is derived from mixing effects

QCD uncertainty is factored out resorting to the relative B_/B_ mixing rate (V. /V. )

Beyond the SM physics could enter in loops!
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And finally, in 2006

, CDF Run Il Preliminary L=1.0fb"
(4h} N
= - - datat1c 4 95%CLIimit  17.2ps”
%- 1.5 — 16450 O sensitivity 31.3 ps”’
= 11 datax 1.645
< - data + 1.645 o (stat. only)
0.5F
0 i T IIIIll'm‘l“
05F
A
15F
_2 F 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30 35

Am, [ps’]

-1 Bs mixing is observed by CDF
7 ...right where the SM would like it to bel
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The consequences on BSM physics

22 P
Ay, — A, [+ 7 )

Hep-ph/0509117 Agashe /Papucci/Perez/Pirjol

180 — 1
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Where is then the physics BSM?

Can parameterize phenomenologically: b W d
Loop contributions to flavour physics Uy Up
producing flavour changes PR
B, mixing =» A f=2 processes = no evidence TTR
of NP (precision J/ ¥ @ is the next frontier) —— 28 ——
A f=12 _still plenty of room! _f"? p?dl'_

~ d §fi? b

BR(B, — uu) Am,t, B, .
r = ~— = T - _
BR(Bd %MM) Amz By Bb ! 20, "

° |
Strong QCD-free constraint W
|
|

s t
- +30
Small BR, room for O(10xSM) effects! b WX, .
i . vl tc,u |d v
Need large B production rates and luminosity! @ ‘ ‘ _
w5’

An ideal challenge for LHC experiments! Is ATLAS ready to face it?



Rare decays: What do we Know

| 24 |

20 )//v — .
i — Q) —
e 2D 3
3 N N
; 2 g 2
- 10 | ® - ®
S p 2 %
e oo e
m P o
X - v 2 L
o 05 | I3 O
o I |
' CDF 10fb™! 95% double sided
CAA |
e

0.0 .ﬂ L 2 X 2 A 1 |. . y

0 10 20 30 40 50

10° x BR(Bs — utu™)
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Analysis strategy

Use a reference channel (B*=>J/ 1) K*):

tot

tot

N, _ o . . o € . 1
BR(B, — ) = —27t. KTk . BR(B* =J/yK*)=N, _ |- Ju, BR(B* —J lyK*)
NJ/q;K* aBs_’Mﬂng—’liM s } an*uung*W NJ/wK*
Signal
event count in “signdl region” Channel Signal Region Sideband Regions
. . _ 4766,5066| MeV
“subtraction” of sidebands By = ptp [5066,5666] MeV %5666,5966} MeV
Selection based on . - [4930,5130] MeV
B* —» J/YyK [5180,5380] MeV (5430,5630] MeV

14 variables
Multivariate analysis (BDT)
50% of sidebands to model background

Efficiencies & acceptances
Derived from MC (“calibrated” on data)

Reference channel (B*=> )/ 1 K¥) selected with as-close-as-possible

selection

Blind analysis, limit placed using CLs method
A. Cerri - LPNHE Seminar
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Datasets

2.4 fb™! of 4 GeV di-muon triggers in 2011 collision

After that 4 GeV muon trigger changed, hence a natural
breakpoint

MC (B> U, B=>J/YK* B>/ ®, B (6500)D Uy,
B./BY=>KK, K, 1r17)

Final states: | 7 |<2.5 and p;>2.5 (0.5) GeV for muons
(kaons)

“unbiased samples” generated for acceptance studies:
B>UM, B*=>J/ YK, with p,>>4 GeV and | | <2.5

no final states cuts
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Reconstruction

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

Closest in z to B candidate

Re-fit excluding B daughters

Tracks:
At least 1 pixel, 6 SCT and 9 TRT hits
| 7 1<2.5 and p;>4 (2.5) GeV for muons (kaons)

ID tracks matched to muon spectrometer tracks

B candidates: p;>8 GeV and | 17 | <2.5
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Background Composition

Real muons:

MC studies (12pb ' =>limited statistics) suggest
bb=>»UUX to be the dominant background

“Fake” muons (decays in flight, punch-throughs):
B=>hh (KK, KT, 11m)
“quasi irreducible” due to close topology
BRx(fake rate) = 10, close to SM B> U

Single muon + “fake” (e.g. B=>uKv)

Negligible contribution, outside our search
windows
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B=»hh reconstructed as U U

LI I T T 1 I L I 1T T 1 I L l L

0.06 —ByB, — KK ATLAS simulation
— B, o K=* Vs=7 TeV
—Bg » K'n

—BJ/B, > nn

Arbitrary Units
o
o
o

ooal o] Bim MeV
- By > K'n
0.03 ---ByBy > nn 4 Bs—1 33 MeV ’

0.01

IIIIIIIIIIIIIlllllllllllllllllll
IlIIlIIIIlIIIlIIIIlIIIIIlIIIIlII

5800 5100 5200 5300 5400 5500 5600
Invariant mass [MeV]
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Discriminating
Variables

Chosen among ~28 variables,
removing the ones with the
largest redundancy

Exploit:
1 PV-SV separation
L. ct significance
o Symmetry of final state
(pointing angle, d,...)
o1 Full reconstruction (pointing

angle, D™, ..)

1 B hadronization features
(Isolation, p;®...)

Variable

Description

loop |
pointing angle

Absolute value of the angle in the transverse

plane between A% and pZ

AR

Angle 1/(A¢)2 + (An)?2 between AZ and pP

P.(B.)
u\ u

SV» d

PV &
[ ] .

Ex.: Background

Multivariate techniques used to

combine the separation
power

A. Cerri - LPNHE Seminar

ny

Scalar product in the transverse plane of
(AZ - pB)/|pE|

ct significance

Proper decay length ¢t = Ly, X mp /p?l?
divided by its uncertainty

s

i SR =T 2 -1
Vertex separation significance AZ - (64;) - AZ

X3y» X2
Xy Az in (z,y) and z, respectively
Ratio of [pZ| to the sum of [pZ| and .
Io.7 the transverse momenta of all tracks with
isolation pr > 0.5 GeV within a cone AR < 0.7 from
the B direction, excluding B decay products
Absolute values of the maximum and
|qmax|, | d’“inl minimum impact parameter in the
o 1% transverse plane of the B decay products
relative to the primary vertex
. _ Absolute values of the minimum distance of
|DE™, |DZM"|  closest approach in the zy plane (or along z)
of tracks in the event to the B vertex
p? B transverse momentum
piax pmin Maximum and minimum momentum of the two
L PL

muon candidates along the B direction

April 12th 2012



Discriminating Variables: candidates

Background
ATLAS Preliminary

Linear correlation coefficients in %
-3 -1 -7 -10-12 -9 -18 12 8 -1

v .7
|D‘z“'“| significance
» ] Dllnlnl
|D:‘y'"| significance

1d™2| significanoé
|d™| significance
’ 7=
|dQnIn

0

ct significance
ct

L,y significance
Ly

fit %2

2111012 8 9
-1
S 1
14876
181817 1 1 -
120 7428 124
118 74 43 138
138737 33 M8f27 -39
413334
111
1 6-4-6-4-1%48-1
T
18-12-18-11-19 7 10 -4 21-19-17:27 90 -1100 1
111
10 10 -3 24:23-20%82100 -1 90
10°77 85 71100088 87 1
3117 93 90 10071320° 7
117 9310090 85 28 9 1
4710093 93 77 124
1007 7 7 10 3 -1
413 101
57 11310 1
4 5
12

-14-13 -8 -12 -5
2 25 1-413
6 5-5-4-4
2 2312
98373
23

60100 7 3
-5 77 10080518 -2

73 -93:27
-16-32 -3
-18-25 -2

=1:71.72100
=3 96 10072

188 96

865 1100

1

-1
-1
-4
-6
-4
-6

-1

5

7 13
-2
-1
-2
93
=1:100
100851} 93 =2:=1r=2
96

-1100 -1 864835 gt

1

1
1
1

-18-27 -28 1

1

83 100

100 83

-1:-1:-172100

-39-33-24
1
1274328
4 4874 74 1
333 17
387 18
387 18
-1 13 1820
41 1
6 12 12 -1
10 5
1: i3
7
-2

-1:-110072
16495 10031
=1 88100 95 -1
-2 100864

1005=2: =1 -1

-1
-1
-1

6

Signal

ATLAS Preliminary

Linear correlation coefficients in %

100 7 7 4
|D:‘"‘| significance -1 a1
liny
o A -1f-1 =1
|D™| significance 2
? D™
i 1 1352
X, 151513 11 9 1 74 77 79 87 325
1515 9 ‘11 7 2 737678 87735
. b > 17 16 80013 27 60 -31
|d™® significance 1 2 -3:-3
|d™"| significance 1
[

34 -3
dli2Ha
3 -1-8-10-11-1796

[d™
44 -4

5:-5
ct significance | & &

53 4
1211 14312 81 90 86100720
] 22121 184 8610086 3
L,y significance | - & i e g DR RIVVERETE
S5 S 25 5719 7 12111100 91 84 81 0
fit 52 4 11 1001 1124
SN CN'2a] B3G5 47 46 101114 271 00 5126
APt )] B H9:18:10715 4 10087 1 712
long 0Y2) [ 7264110014 14:-1:19:'8
L1550 6080084510 27 15
p?Lfy?XYZ) 3 70 721008872 -10-46 -1 2511
U l] 1 o6 10072 60 Hl18-47 8420
43710096 70 80 §194821 85120

L,, significance
ct significance [ &
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Isolation and pile-up

M Pt(BS) 1 I I I I I L L L L L |

I:l ISOIC’TIO”: C>; El l C '—e—' MC|soIauo|nwnh PVassoc:atlon E

B s C [ —A— isolation without association ]

IAR — Pt g 0.95 [ ) '[;A:ta isolation with P::ssociation E

PtBs + ZAR pt u u :qE) 0.8;_ A Data isolation without PV association _;

3 0.7) E

extended to all non- SV c = -

B daughters within g 06:_ N E

AR<0.7, and ° © 0.53_ 4 ATLAS _f

pr>0.5 GeV PV 3 0.4F 4 \s=7TeV -

11 Corresponds to red (green) 0'35_ det-24fb E

line in BE=») /Y KE* MC =t By §

“r A E

(dCI'I'(]) 0_1:_ f\\&--& E

“Interference” by tracks from N N N N P T
0 2 4 6 8 10 12

other interactions! _ _
Number of primary vertices

Excluding tracks incompatible with the B-candidate primary

vertex effectively removes this interference!
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Determination of € A ratio

tot

a . . 1 fu . .
BR(BS %‘u‘u) =N, J IyK jO/IwK |  Ju, BR(B‘ %J/I/JK‘)
B, —wung — up JIpK* fs

Derived from MC

Event by event MC re-weighting (p, 77 ) used to account for:
Final-state selections on MC (different for B* and B_!ll)
Differences between MC and data, primarily in B kinematics (p;, 77 )
Data driven (BE=>J/ 1) K¥)
Checks:

Verified on MC
B./B* differences: procedure repeated on Bs=>J/ ¢ @

Uncertainties:
From MC statistics

from corrections:
Propagate stat. uncertainty on weights (small)
Further differences observed on discr. variables taken as systematic uncertainties
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B® candidates

Data/MC

Examples of residual differences

After (p;, 11 ) re-weighting discriminating variables still
show some deviations:

L 410>
;? ATLAS Data (SB sublracted) é 45— Data(SB subtracted) E
i -  ZBasE - =
s Vs=7TeV MC (re-weighted) 5  ©3-9F MC (re-weighted) " E
E - fl_dt=24fb‘ E 8235 M E
i 1 w2k ATLAS - I F
S E el s=7TeV E
2= . E E f Ldt=2.4 o' ——p =
s, ER e .=
05_ ! 2 | L 31 =0 ? f o O_E + } —%
15:0-_._”,,4 ..... -_|_ ..................................... ] E 2F _l— —_— =
- +_|_ | 1 - - e
B | I - *&,‘ 1_—-. ........_‘._.'_._—!—.u—.__._._._.
; ] 8 1
0% =24 6 8 10 12 14 16 18 0 0.2 0.4 0.6 0.8 1
L, [mm] loz

These deviations are accounted for in the systematic uncertainties
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Multivariate Selection

E

signal

Optimize estimator: P —
(best 95% CL frequentist limit) 1+ \/Nbackgmund

Among the classifiers tested (TMVA), BDT is the best
performing

Checks of BDT behavior:

Reference: “Rectangular” cuts (1) on { & 5, 15, ct
significance, A m}

P(reference)= @ from BDT [trained on same variables]
P(final) BDT=0.016 > ?P(reference)=0.010

Training BDT “incrementally”: optimal BDT cut = events
“mostly” at or above reasonable rectangular cuts
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Efficiency

“Incremental” BDT optimization
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Incremental optimization:
Train BDT using n variables
Optimize (BDT, Am) cut

Plot (efficiency, variables) when
cutting at optimal point

Increment n
Repeat!

Efficiency curves consistent with
what observed for “rectangular

cuts” approach

As expected, introducing more
variables allows to accept
more events “near threshold”
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Mass in-dependence of the BDT output

Classifier Output

0297 77— 71 3 5 1 1 T 1 T T ]
E o ] a 0.3 —
0.3 ATLAS Preliminary E g ] ]
-0.31F s=7 TeV E w 0.250 Wl T
-0.32F — B o H| | ‘_
0.33f L il I'{ Iﬂtﬁﬁt i +++++:++++ﬂ+ll]i ﬁ I II I|I' —
-0.33F &) all ]l } ]l H I ’5
034 0.15E | w 1 ][ E
-0.35F . 0.1H F
-0.36F- E - ATLAS Preliminary .
T E 0.051 Simulation .
el E oF- {s=7 TeV =
-0.39: L | L L . I L L L I L L L I L L L I L 1 L : —0-05__} 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 L 1 1 l L 1 1 1 I L 1 1 1 }__
6000 6200 6400 6600 6800 7000 6200 6300 6400 6500 6600 6700 6800

m,.,. [MeV] m,.,- [MeV]

11 Test the full analysis on a signal-free not blinded region (pseudo-signal at 6.5

GeV)
Re-train BDT on 6.5 GeV MC+sidebands

1 BDT proven to be insensitive to transition from sidebands to signal region

= Background conditions somewhat different (limit <1.6X10-8)
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Classifier response on data and MC

OO
OOO
o

- O
- Bck (sidebands)
[ Signal MC o

0]

Arbitrary Units

f Ldt=2.4 fb"

L “""’-!"’h AT ORTRI )0 08 vwe
3 -02 -01 0 2 03

ATLAS
Vs=7TeV

2 03 04 05
BDT Output

1 Optimal cut at ~0.25

-1 Good S/B separation

..g —
€[ anas 3
; 5=7TeV AR
- [Lat=241" Y
st/ SV
L gt /pK+ MC X
<C B*=>J /YK* Data 5 .
: b Ay
A
= 2 ¥4
3 ‘
o AT T TR P PR R SR AN ANl AN Nl AN,
-05 -04 -03 -02 01 0O 01 02 03 04 05
BDT Output

1 MC reproduces response on data pretty welll
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Mass resolution categories

Radius (mm)

Mass resolution for di- 4 candidates changes
substantially between barrel and end-cap detectors

Cuts @

optimal @

Mmaz|

1.0 1.5 2.5

om [MeV]
Relative fraction (%]

60 80 110
ol 24 25

invariant mass window [MeV]| | 116 +133 +£171

BDT output threshold

0.234 0.245 0.270
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B* Yield

Same BDT (and cut) for
B. and B*=»minimize
(B,/B*) systematics
Yield uncertainties
Statistical
Systematic
Vary binning

Signal /background
models

Binned /un-binned fit

IIlllllllllllIlllllIIIIIIlllllllllllllllllllllr

>
()
g 900 ATLAS Preliminary Data
= 800 Vs=7TeV .
S 700 "
= J-L dt=241fb" —— B*5KE JAy signal
w 600 GCombinatori
ombinatorial Background
500 Partly Reconstructed Decays
400 —— B*—> J/y n* background
300
200
L S .
g ——— P———
5000 5100 5200 5300 5400 5500 5600
My K [MeV]
|Mmaz| Range | 0-1.0 1.0-15 1.5-2.5
BT - J/szi T . 4300 1410 1130
statistical uncertainty +1.6% +2.8% +£3.0%
systematic uncertainty +2.9% £7.4% +14.1%
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Limit Extraction Ingredients

Mmaxl Ry, A% A% +Additional systematic uncertainties:
Range Stat. _Syst. *Data-MC absolute K efficiency: 5%
0-1.0 0274 3.1 3. *Vertex reconstruction efficiency: 2%
1.0-1.5 0202 48 55 oK+ /K- asym.: 1%

. o

1.5-25 0.143 53 59

tot

N a. . )
B, — TIpK* " JIyK* . .
BR(B, — uu) = e ok (T BR(B* —J /yK*)
N
JIYK*=
|7maz| Range 0-1.0 1.0-15 1.5-2.5
BY 5 JJYKT — ptp KT | 4300 1410 1130
statistical uncertainty +1.6% +£2.8% +3.0% + X 3
systematic uncertainty +2.9% £74% +14.1% 1 /(4.456_0.3(:8) 1 O
[PDG + LHCb]
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Events/60 MeV

Box Opening

60 MeV resolution

Sidebands

& KT 5 i s s S, [N B BB R B

- ATLAS M <1
max

E_ Vs=7TeV | @ Data
250 f Ldt=241" —— B—u'w MC (10x)

w

LS IS B ALE SLE  LEL
i i

Optimized search

window

IIl1!lill|Illl|llIillilililllllill'

m,, [MeV]

80 MeV resolution

110 MeV resolution

35 L1 1 LA DL LR DL RN BN Fd 1 ] 35 Y IRRRIRRR IR . AL | I 1 1
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3} i <15 3 = Inl <25
E 6= ] F \s=7Tev max
o e ! Data 3 5 4 —@ Data
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2 E . f 2 ; ° :
1.5F- ; : 4 15F
1fe Y ) : = e
0.5 § : : 0.5 ;
- - 0 n
%8 48

m,, [MeV]
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Box opening and limit

Submitted to PLB, arXiv:1204.0735

° 1 e + Observed CLs
Sidebands: ° | cupected L - Wodian
Even: 5/0/2 [un-biased] Tl : — ey
Odd: 1/1/1 [biased] g
. 100 s
Continuous background = Profiminary
interpolation: 6.1 ev. [ [iaeeew) BRBSDUM)
3 <2.2%x108
Resonant background: 0.24 ev. ; @ 959 CLs
0 . . . . PR T S T N SO N T S N S
95% CL, limit expectations: 0 i 2 3 -

Even sidebands: 2.3X10° (68% | Fytyre improvements:

of toys in range 1.8-3.3x10%) *Full 2011 statistics (& beyond)
Odd sidebands: 1.7X108 *Use more information in limit extraction

*Use of spectrometer information to
[ : 2.9%X108 : :
All bins merged: 2.9X10 improve mass resolution (forward muons)

*MC-based continuous background model?

Expect improvements better than sqrt(Lumi)
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Conclusions

We are living an exciting transition era of increasingly quantitative results in the
Standard Model

The Flavor sector has transitioned from the observation to the high-precision era

Flavor physics is an excellent training ground in terms of experimental skills! It
drove several improvements:

Detector performance and techniques (precision trackers, dedicated trigger HW,...)
Advanced analysis techniques and tools (e.g. HQET, advanced statistical methods,...)

New constraints on BSM physics (e.g. Bs mixing, rare decays, ...)

LHC began investigating this completely uncharted territory!

Living this constant exploration of new discoveries puts us at the forefront of
human knowledge, a recurring theme in the history of science:

“Modern science did not spring perfect and complete, as Athena from the head of
Zeus, from the mind of Galileo and Descartes” Koyre®, “Galileo and the Scientific Revolution of the

Seventeenth Century”
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