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A o
T - o K
. | ATLAS Flavour Physics Program |:+*:
% S E
understanding detector validation of ID/trigger perfor-
performance: alignment, 10 nb mance and alignment, data
tracking, trigger using c- quality monitoring with J/% and Y
and b-quark SM processes ‘ now |
measurement of cross sections for 100 pb-!
B-hadrons, and J/¥ and Y mesons to
test QCD predictions at LHC energies continuing performance studies,
measurements of cross section ratios:
2010: bb — J/W, pp — J/¥, B — JJWK*
~ 200 pb1
studies of properties of 1o | | collect larger samples of main B-decays,
complete B-meson family: contribute to B-hadron properties,
B+, B;, B, A, + CC 2011: set limits on rare decay branching ratios
~ 1 fb1
search Iot rare B-decays: | 10 - 100 b
B, —ptp s
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* First measurements at 7 TeV
= KO, and A decays
* hidden charm: J/¥ measurements
= open charm: D-mesons
= b-quark jets
* Perspectives
= studies for 14 TeV
= quarkonia production
= B-meson family
= rare B-decays
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= reconstructed K, and A masses close to % Armenteros Plot 180
PDG value 0 Both tracks: p. > 100 eV, Si hits > 6 160
. . . b 8) > 0.8, flight di >0.2
= width of the invariant mass peaks well e R oos6)> 05 W s> 02 g
Q 140
reproduced by Monte Carlo
= more sensitive test with higher momentum ‘ 120
tracks (i.e. alignment) 015 : 100

Minimum Bias Stream, Data 2009 {'s=900 GeV)

~ 1800 I

[} E lATLAS Fl)reliminary Bloth tralcksl: p_ll_ > I‘IOOI MéV, ISi |I1its I> 6I E
= 1600 4 |nvariant Mass O Data B
: 1400—_ all combinations =
n C — Gauss (+poly) fit ® Data ] 0.05
QD 1000 3 Simulation -
= = g = 11136_'204:{ 8 '11 ((SStt:.tt)) mg\\/ cos(6) > 0.8, flight distance > 0.2 mm ]
L 1000 ppe (2009) m_=1115.683 0.006 MeV -
o & ] L
8001 SR -1 -08 -06 -04 -02 0 02 04 06 08 1
600 y - ¥ e ypat W
400— 3
200 —
0: e § 7. 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 1
1080 1100 1120 1140 1160 1180 1200

m, - [MeV]
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2009-12-06, 10:24 CET
Run 141749, Event 460665

Minimum Bias Stream, Data 2009 {'s=900 GeV)

= Gauss (+poly) fit

L= 497.5+0.1 (stat) MeV
6= 8.210.1 (stat) MeV

PDG (2009) Mo = 497.614 + 0.024 MeV

B 6000 4T AS Praiiaiary || Bon el Y S
= I K2 Invariant Mass OData

S 50001 9 all combinations

3 - [ ® Data

£ 4000 [ Simulation

LI(—] C cos(6) > 0.8, flight distance > 0.2 mm

&
i

C 111 | | T - | | N - | | | L1 11 | 1111 I 1111 I 1111
0 450 500 550 600 650 700 750 800
My [MeV]

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Jipsi -> un candidate in 7 TeV c'ciﬁ'rsi.c;_ns
ruiy #: 152409, avl & 2452006 -
Inwv. Mass=3.1GaWV

Pip+} = 28 Gav, n=0.93
Pip-) = 15 GeV. n=0.95 e
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J/w—ptu- Selections

loose selections applied to understand shape of background:

® Minimum Bias Trigger Scintilators MBTS 2.09 < |n| < 3.84:
2 coincidence hits on either side of detector (L.1)

" muon activity in MS found by the muon trigger : -y /
. : , : : < ATIAS
muon triggers combined with MBTS (EF) ) wAILA
1 , < r"i =285m‘1|:::mﬁ hitp://atlas.ch
" at least 3 tracks associated with same

primary vertex
" track quality:

at least 1 hit in the pixel detector;

at least 6 hits in semiconductor tracker
® track reconstruction applies

cut to all ID tracks

® each muon has ID track with the before
mentioned track quality cuts

® combination of muon tracks with
tracking system

common vertex fit + opposite sign
mass region 2-4 GeV
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unbinned event-by-event
maximum likelihood fit,
applied to data and MC

7 TeVruns, L =6.4 £ 1.3 nb'!

Ny, and N, defined in 3 0
S O ariasreimnay | Lisean ] | fegionaround Jy
S 350 7 TeV data: Opposite Sign . - signat only
) - [/ Monte Carlo Simulatio .
S 300F =
8 250 =
5 z00f £ Ngiq 612+34
1801 1| | Nog 33249
1004 =
S SV - i Mass [GeV] 3.095+0.004
50+ -+
NPT T TN T oy [MeV] 827
OI2 22 24 26 28 3 32 34 36 38 4
JAy Mass [GeV] om(MC)[MeV] 74.0+£0.4
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invariant mass distribution of same sign and opposite sign muon pairs after vertexing
same sign is (as expected) flat
smaller contribution from same sign than from opposite sign:
= both have contributions from combinatorial BG and 17/K decays in flight
= opposite side bands: additional contributions from heavy flavour decays

S ‘" arLasPreliminary | Ly=64nb’
=' 350" 4 7 TeV data: Oppositc Si g
= 300F $ 7 TeV data. sgﬁwfls?g - : Nsig 612434
s T E
[ 1| Nog 351+10 / 33249
L 200 -
150" 1 before Vertexing / after Vertexing:
1003 = improvements not expected at this stage,
S0 g A = most data from primary vertex
- o700 - background reduction only by ~6%

| I|I |I 1 III| 11 1 I|II |III III| 11
02 22 24 26 28 3 32 34 36 38 4
JIy Mass [GeV]
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BB: both p in barrel EB: 1 pin barrel / 1 pin endcap
s 80— T T AR PR = L e e e e e B BEEE
3 -oF- ATLAS Preliminary o Lin=6.4nb" 3 e 60— ATLAS Preliminary Liy=6.4nb"
=y £ ——7 TeV data: Opposite Sign ] o [ —— 7 TeV data: Opposite Sign ]
8  gof " Monte Carlo Simulatio = 8 50 " Monte Carlo Simulatio 3
@ 50? * E a0f
G 40F = g -
g : 30¢
30 — C
20; j 20;
10; = LIS SR (.
ofe T AN i TSI G -~ 0“.‘|.,.\‘.‘|T+,"h- R I B
2 22 24 26 28 3 32 34 36 38 4 2 22 24 26 28 3 32 34 36 38 4
Jy Mass [GeV] J/y Mass [GeV]
BB EB EE
(In]< 1.05) (1.05< |n| <2.5)
N, 6949 88+11 43731
Npg 8+1 34+3 324+10
Mass [GeV] 3.097+0.005 3.089+0.008 3.095+0.006
oy [MeV] 36+6 66+12 88+9
ou(MC)[MeV] 37.0+0.7 53.0+0.8 82.0+0.5

in good agreement with MC simulation: much work done with cosmics data,

Entries/0.080 [GeV]

EE: both p in endcap

2

Geant4 and early data to describe / understand the ATLAS detector so well

most candidates in EE
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T
[ ATLASPreliminary
- —— 7 TeV data: Opposite Sign

Monte Carlo Simulatio

b L ]
22 24 26 28 3 32 34 36 38 4

Lo Lo L

Jy Mass [GeV]

mass resolution affected by ID:
(different in barrel and endcap)
J/W reconstruction in different regions
= BB: both p in barrel
= EB: 1 pin barrel / 1 y in endcap
= EE: both p in endcap
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entries / 2 GeV

entries / 2 GeV

DYy A R AR AR ARAY [RAARS RARRNRARANARSRY Raa
- ATLAS Preliminary  |L=6.4nb" ]
200 ® 7 TeV data -
C '+' = Monte Carlo Simulation ]
150} MC statistical error averaged over all bins _i
1001 -
50— -
ol b e T o=tag
0 5 10 15 20 25 30 35 40 45 50
p [GeV]
B A A A A (RN R AR AR A
r ATLAS Preliminary J.l_=6, nb’* ]
300 -
E ® 7 TeV data .
250F == Monte Carlo Simulation -
E MC statistical error averaged over all bins E
200= —
150? -
100F =
50 =
G: |||||||| | -;_-_.I.\...J‘..‘\...\\..HI.H.:
0 5 10 15 20 25 30 35 40 45 50
p, [GeV]

J/W signal and Minimum
Bias background
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entries / 0.25

entries / 0.3

T e e e e -
200F-ATLAS Preliminary IL -6.4nb" 3
1sof— ® 7 TeV data —f
160E == Monte Carlo Simulation E
140; MC statistical error averaged over all bins é
120 =
100;— —;
80- ;
s0F E
405 E
20k -
| bl =
-%.5 2 15 14 05 0 05 1 15 2 2.
y

250l T -
["ATLAS Preliminary Jl =6.4nb" i
200~ ® 7TeV data -
N = Monte Carlo Simulation 5
150:_ MC statistical error averaged over all bins —:
1001 -
50— {
L -+ i

L I 1 sl | | ]

00 1 2 3 4 5 6
AR

AR = AR + AP

mainly low p; J/W accessed
sample dominated by high
rapidity J/W (p>>py)
candidates in mass region
My + 30 = [2.86,3.34]GeV

= P e e e
& 300-ATLAS Preliminary J‘L=6.4nb'1 =
o s ]
g 250 '+' ® 7 TeV data: Opposite Sign —
= E.+_ O 7 TeV data: Same Sign 1
3 200 -
150i E
100?*;, + —
50; .
- ++ 1
0’...J...'?'L.m‘:x:-g-_.1 A O N I B .
0 5 10 15 20 25 30 35 40 45 50
p; [GeV]
™ 250 T T T
S [ ATLAS Preliminary J-L —6.4nb" ]
5 r
2 r ]
E 200 _+_-+- ® 7 TeV data: Opposite Sign ]|
o C _+_ O 7 TeV data: Same Sign
150~ .
100~ _+_+ 3
50}+ —¢»++¢::$: ,
Lo - *
OFe=—0n L.l L e ]
0 1 2 3 4 5 6

kinematics different for sAgme
and opposite sign [ pairs
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data collected with

> il BARRRRREE | AN R | ™
s I ] good opportunity to study
£ i ]
o 08 ++* .
% i t I loose muon trigger,
c 06 +* B no p; threshold applied
04~ ATLAS Prelminary - officiency measurement for all /W
i + JL = 6.4nb™ ] candidates: require at least one
0.2 Opposite Sign N reconstructed muon to match to
:++ MUO Barrel+Endcaps - L1 MUO trigger object within
N AR co o b b by b b by
% 2 4 g 10 12 14 16 18 20 22 AR<0.5
Jy p.[GeV] _ o
low J/W p; important for polarization
studies
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D**—-Do%nst—(Knt) nst

7 TeVruns, L=1.4nbl

= combining 2 opposite sign track (p;>1.0GeV),

" p(D7) > 3.5 GeV = assigning K/te-masses to each track

ES
*In(D)| < 2.1 = 2098+128 D** candidates in 1.83 < M(Km)< 1.90 GeV
= x?(vertex) < 5, Lxy>0
k
" pr(D")/Ey > 0.02 = 2010+115 D* candidates in 114 < AM < 147 MeV
> T A B B ] > L I I B B B B
21400 [ ATLAS Preliminary s=7TeV L,=14nb" ] 21800 [~ ATLAS Preliminary Ns=7TeV L,=14nb" -]
= Data 2010 i r Data 2010 ]
%1200 L = rigar'lfcharge combinations ] T'IEDD E & right-charge combin_atiovs ¢ e
g : »+ wrong-charge combinations i 2 1400 - wrong-change combinations . =
£ 1000 & = 21200 [- .
= CastPy ] 2 r 1
£ 8007 4 E 21000 £ E
E g 800 =
600 | ] E - .
8 400 [ fit {N(D*)=2100= 130 T © 600 [ fit :N(D)=2020=120 ]
I M(D" =1865.5 = 1.4 MeV . 400 AM=145.54 =0.05 MeV -
200 [~ ofM(D")]=24.2 =15 MeV - 200 [ o(AM) =085+ 0.05MeV 7
0 T SR N SR I N SRR Lo 0 :EI ! ! Ly v ] I N ! ! Lo .:
1.8 1.7 1.8 1.9 2 2.1 2.2 0.14 0.145 015 0155 0.18 0.165 0.17
M(Kr) [GeV] AM = M(Kzm,) - M(Kn) [GeV]
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1000

S Tevrame L= Lanp 300 E ATLAS Proimmary a=7Tev iiame
- ® Data 2010 =
= 800 3
= pr(D*) > 3.5 GeV, 3 700 =
=|n(DY)| < 2.1 S 600 -
= x’(vertex) < 6, L,> 1.3 mm £ 500 =
= pr(D*)/E; > 0.02 § 400 :
* $ -
= €osB (K) >-0.8 300 fit - N(D") = 1667 « 86 =
200 M(D*) = 1871.8 » 1.1 MeV 4o
100 u[M(D%)] = 18.7 = 1.2 MeV -
TN R P R SRR N T

01 B 1.7 1.8 1.9 2 2.1 2.2
» combine 2 same-charge tracks assigning Tt mass to each M(Kmm) [GeV]

= pr(m) > 0.8 GeV, p(m,) > 1.0 GeV
» combine with third track with assigned K mass
= pr(K) > 1.0 GeV
e suppression of D** and Dt — ¢@1*—(K-K*) 11+ reflections:

= remove AM, , < 150 MeV to suppress D™+ and
IM(K*K") — M(®P)ppgl < 8 MeV to suppress D,*
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Dst*—@ n*—(K'K*)n*

7 TeV runs, L = 1.4 nb- » combine 2 opposite-charge tracks assigning K
mass to each
« pr(D¢t) > 3.5 GeV, "Pr{KyK;) > 0.7 Gev
*|n(Ds")| < 2.1 * M(K*K')
= XX(vertex) < 6, L,> 0.4 mm =select [M(K*K") = M(@)pps| < 6 MeV
= pr(D*)/E; > 0.04 e combine with third track with assigned 1 mass
= cosB*(m) < 0.4 =p(m) > 0.8 GeV
=|cos30'(K)| > 0.2
e > 400 T ———————
~ 180 I | | T T | ] ) . 1
S 1e0 [ ATLASPrelminary \s=7TeV L,=t14nm’ = e [ ATLAS Preliminary  Ns=7TeV L, =t14nb’ 1
— E . N - ® Data 2010 .
5 140 [ 1-93 <M(KKx) <2.01 GeV = = 1300 i E
@ o0 F ® Data2010 . e i .
s “F . S 250 |- -
] — . = C .
'.E 100 5 :;gu 200 E
s 80 .__ . E : .
S a f 3 150 3 E
40 F fit: M(¢) = 1020.3 = 0.3 MV 100 | fit :H(D?:a?ﬁﬁ? e
- ':_ ofM(6)] = 2.3 = 0.5 MeV E 50 E M(D,)=1971.5+ 4.6 MeV E
S ] £ olM(D))]=24.0=3.8 MeV .
0 Ly Ly P | | 1 P 1 L Ll N L ._
098 099 1 1.01 102 1.03 104 1.05
M(KK) [GeV] 16 1.7 1.8 1.9 2 M[I%gn) [Ge‘?]-z
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B hadrons are massive and long-living (ct~460 um):
Disptaced decay into lighter flavors with secondary vertices and
impact parameters on same hemisphere as b-jet

tagged b jet S ATI AC  Run 152409 b-tagged jet in 7 TeV collisions
[T~ S fvbronurny  EVeNt 4349994 JE g ey

o LAl BRIt 6 b-tagging quality tracks in the jet,
http://atlas.ch including one muon

.ex

~

Prompt
tracks

impact parameters and
secondary vertices used
to define various different
Tag Weights based on

- significances

- resolution functions

- probability ratios
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» all top-related Standard Model analyses
e many searches for new physics (MSSM)
e good knowledge of impact parameter and secondary vertices also crucial for B-Physics

m EI L I LI I LI I IIIIIIII | T TT | T IE
S \s=7TeV L~1nb" ] @ F ) ——
® 10°F o pata2010 o E © 180F SVO0 selection Simulation
5[ [ NDmin phe NG e ] B 1got bjets
g 105_5. NB min. Eias mggbljetts E ; 160:_ D‘ata 2010 = C]Jets
S f : 2 140 Ns=7TeV mm light jets
E 10f = S F L=04nb"
zZ ¢ ATLAS z 120r
10°E Preliminary 1005 A714S
102k 80F Preliminary +
F 60F
10k C
: 401
h: 20f
30 20 -10 0 10 20 30 40 % "0 o 10 20 30
S, L/c (L)
impact parameter significance decay length significance, signed with respect to
(second highest, tag weight), the calorimeter jet axis (tag weight),
comparison of real Data and Monte Carlo comparison of real Data and Monte Carlo
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* First measurements at 7 TeV
= K9 and A decays
* hidden charm: J/¥ measurements
= open charm: D-mesons
= b-quark jets
* Perspectives
= studies for 14 TeV
= quarkonia production
= B-meson family
* rare B-decays
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Perspectives for more Luminosity | :%%:

» based on 14 TeV simulations

» some selected highlights shown:
= B-Trigger Strategy
= quarkonia production
= Bt J/W K+
= B,—~J/¥Y ¢ and B; — J/W KO
" Bg—opty

* longer term goals for more
luminosity
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B-Trigger Strategy

nepr-=»

* low p; single- and di-muon
= control samples, for very low luminosities, first beams

* di-muon (common vertex) in final state RPN YU
= different mass ranges: or Y decaying to p*u- LA =T )
= very rare B —»putu- (box diagrams) A

= semi-leptonic rare B — X u+p-(penguin diagrams)
» sidebands around the signal peak needs to be covered
(bb and cc contributions)

A R TR T R T R T Tttt Tl b [ Tl
» control measurements di-muon 2 | ATLAS E;F’*“h“‘?x :
g = irect onia —
low mass: M(p'p) < 13 GeV s .k MDrell-Yan -
] B ™
=
g I
(=} o
Vg bV Ve W™ Ve Vi Ve =
b b e s b—>—|—>—|—p—t s 10
W W :
.{hzu a ¢t : I
. %r -
t-W loop T ~  t-Whox ot

t-W loop

Martin zur Nedden,
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Mass (GeV)
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seeded by L1 di-muon trigger, tracks fitted to common vertex
= background suppression for J/W: pseudo proper time < 0.2 ps
measurement relies on separation of those processes

I SR |E|
-04-02 0

| R e P R AT
02 04 06 0.8 1

with 1 pb-1, can be measured as a function of p; and n at ~ 10% precision
Ih — LTI R T RIS S R ) IR 2 R ) WL L S B FLELEL RS PUEt LU R EA ELS S A R
= a(bb - J/¥) g b ATLAS [ bb—ubudX 3
N o - Bl Direct onia -
0( S J/ LIJ) g P Bl Drell-Yan 7]
@ r BAREERERREENRERE i B E
s10°F E = T b
oF ATLAS ] 3 f g
: : 10_1 E_ "L—l__u--1,_'t--"'!;J"—l""‘"'n"-'"' = rnend
10°F E
- i 107
I . L : 10 11 12
: : Mass (GeV)
102 Prompt Prompt+Indirect -
- Rt 7 :

e Ly My,

Pseudo-Proper time (ps) — p.l.(.J / L|J) E}
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B*— J/W(p*y) K*

important reference channel for searches for rare B-decays
using di-muon trigger (p; > 4/6 GeV),

experimental precision for 10 pb1: | cross statistical | total
section
— 1 Bu T T T T 1T T T T T [ T T 1 T [ T T T T [ T T T T [ T T 1T tOtaI N30/0 ~ 1 50/0
= - ) _ i . ) ' -
% 1o mes i 3 [goiapT | o10% | ~l6-20%
S 140F SEE— . signal 2.5%
w - — ~/.
Z . nF ATLAS e lifetime
@ 120F .
= C ]
2 100 ] —_ :
L - . o [ [ [ [ [
80 4 o T
- 1 ©.pL ATLAS _
60 — 8 1022
40 4 S I
= 1 & ..l _ Ny B
20y ) » 4 5% ] E
0 Sl L1 |“|."|"|-"|.-|"' IO W e S Ve e, NN lﬂ _:: "-"'-._r .l-_ + E
5200 5300 5400 5500 5600 5700 5800 : I J
B+ mass (MeV) : M

T R R
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
B+ proper time (ns)
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B,—J/W(utu)e and By—1/W(ptp-)Ko*

nepr-=»

B.—J1/W@ channel promising for indirect searches for New Physics

= "Weak mixing phase” q. = (-0.0368+0.0018) very small in SM

= may be
topologically identical B;—J/WK°%* (15x greater statistics) primary background;
essential as a control channel (test of lifetime measurement and tagging calibration)
simultaneous fit to mass and decay time can be used to extract signal mass and lifetime
from data in the channel By — J/W(u*u)K® with 10pb (10 % precision expected)
similar precision for B, — J/W(u*u ) mean lifetime achievable with 150 pb

1n“§— ::]: Iflbl:: — Jip X
N [ ep — dip x

"”:FE

10

dﬂmm&lmm&mﬂm&&m&&ms?m -2
Masz [MeV') Decay time (ps)
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Martin zur Nedden,
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B. —p*u” highly suppressed in SM (penguin and box diagrams)
= SM: BR(B,—p*p’) = (3.42 £ 0.52) x 10°°
= best limit: CDF: BR(B,—p*u") < 5.8 x 10-3 (95% CL)

sensitivity to new physics (MSSM): new particles in the loop

main challenge to control the background

— T L T +bE—*_I.I._I.l
E ATLAS — signal Bs':'—.n mu
% 5 —B—EI:—.- Kuv
=10 ) 1,
g S,
10 _?_
L
1
107
102 || -
= -+
_IGEI | L L ] |T| ' |
4.5 5 B5 B B.5
Mass(u n) [GeV]

Workshop on Flavour Physics, Capri 2010

in 1 fb-1 O(10°) di-muons in the
mass range [4,7]GeV expected
allows tuning cuts and train
multivariate analysis techniques
use B*—J/W(p*tp)K* as

a reference channel

BR estimated by normalization to
B*—-J/W(utu)K* events
expectation with 10 fb!

(one year at 1033)
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Conclusion for First Data

* J/y—utu resonance observed in ATLAS data with fL of 6.4+1.3 nb!
= mass in good agreement with the PDG table mass within statistical uncertainties
= mass resolution is consistent with MC expectations in all parts of the detector

e clear D*%, D* and D_* signhals reconstructed with the ATLAS detector with
JLof 1.4 nb!

= D*%; 2020+120, D*: 1667+86, Ds*: 326+57
= positions in good agreement with PDG values
» confirm high performance of ATLAS detector for precision measurement
* in short term future:
= ratio measurement: prompt J/y to non-prompt J/y
= J/w and Y cross section and polarization measurement
= exclusive B-meson decays
= D-meson measurements
» taggers for b-flavoured jets at ATLAS in good shape for data taking
= good agreement of impact parameter and secondary vertex significances with MC
= essential basis for b-tagging weights based on them
= vital for many top and BSM analyses
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Conclusions for Expectations |:%:

ATLAS ...

* ... has a long term flavour physics program.

* ... allows important measurements for the search for
new physics.

* ... needs powerful and reliable di-muon trigger
strategy for the Flavour-Physics program.

* ... provides valuable information on the detector
performance with early Flavour-Physics analyses.

* ... supports searches for new physics with calibration
studies with B-Physics.

Martin zur Nedden, _ _ _
HU Berlin Workshop on Flavour Physics, Capri 2010 slide 26



The ATLAS Detector

nepr-=»

Muon Spectrometer (| n| <2.7): air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

3-level trigger B
reducing the rate
from 40 MHz to
~200 Hz

?". | §

Si Pixels, Si strips,
Transition Radiation Detector (straws
Precise tracking and vertexing,

e/y separation |
Momentum resolution: | _ ——
o/p; ~ 3.8x10™* p; (GeV) + 0.015

EM calorimeter: Pb-LAr Accordion HAD calorimeter (| n| <5): segmentation,

e/y trigger, identification and hermeticity Fe/scintilator Tiles (central), Cu/W-LAr
measurement (fwd) Trigger and measurement of jets and missing ET
E-resolution: 6/E ~ 10%/ V E E-resolution:o/E ~ 50%/VE + 0.03
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