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Outline

Open charm
Observation of D, D*, Ds

Charmonium
Observation of |/ and ¢!
Measurement of J/g inclusive production cross section
Measurement of non-prompt to prompt ratio

Open beauty
Observation of B* - ]/ K*

Bottomonium
Observation of Y system

Plans for near and not-so-near future
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One muon with p,> 15 GeV, the other >2.5 GeV
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/ D** meson reconstruction

The decay D™= >D°m*_ relies on ID track coft or .
primary pion
reconstruction and vertexing of the D> K-t AMSIMD-)- (D"
T,

Uses MBTS trigger: > 99.5% efficient,

independent of track multiplicity

Combine two oppositely-charged tracks { ct(D) =123 pm

assign K/t mass hypothesis to each, and —
pT(K;T[)>1O GeV (at primary vertex)

4 ) 0 7T

Third (soft) track added with pion mass, D s

same charge as the pion, and Lk
p(11)>0.25 GeV

Build D° signal from M(Kr) for D** candidates
Additional discrimination from mass difference AM=M(Krrt,)-M(Km)

Use presence of secondary vertex and properties of hard process to
guide cut selection to enhance signal
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D** reconstructed signal LANCASTER]\

Approx. 2000 D** in both M and AM peaks Mass of D° compatible with PDG value

Not (yet) corrected for acceptance and efficiency

D** satisfying 144<AM<147 GeV D*=* satisfying 1.83<M(Km)<1.90 GeV
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2,400 . ATLAS Preliminary \s=7TeV L,=14no" | 2 — ATLASPreliminary Ns=7TeV L, =14nt"
o Data 2010 1 w1600 - Daa2010 o
= 1200 e right-charge combinations M, = 1864.84 MeV B - @ right-charge combinations Pl
8 =+ wrong-charge combinations |/ = 1865.5 MeV 1 @1400 [~ --- wrong-charge combinations ]
fit : 1 - .
£1000 - 21200 B
£ bt 1 B1000 [ -
'_% 800 L o " - 2 - .
.::- -.:-" -".."--'u s : o - _
400 fit : N(D*) = 2100 = 130 v O 600 fit : N(D**) = 2020 = 120 E
M(D°) = 1865.5 = 1.4 MeV ] 400 [ AM=14554+0.05MeV
200 o[M(D°)] = 24.2 = 1.5 MeV — 200 L& o(AM)=0.85+005MeV
O L L L 1 ] L L L L | L L L L | L L 1 L | L L L - I - L L |_ 0 :E‘ [ | [ I | | [ N N | | [ | [ | [ - |:
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D+ KTt 1Tt

Similar strategy to D*;

combine two oppositely charged tracks, Suppression of D™*:
assign pion mass, p.(m,)>1.0 GeV, require M(Kmm)-M(Km)>150 MeV
p(1,)>0.8 GeV Suppression of D* .2 @(K+K")t:

require |M(K+K-)-M(@)qpc|>8 MeV

Combine with third track with kaon mass
pP:(K)>1.0 GeV

Ss10000 71— 7 1 T T T T
2 goo £ ATLAS Preliminary  \s=7TeV L,=14nb" I
o ® Data 2010 =
. 800 § M, =1869.5MeV
Combinatorial background reduced & 700 F My = 1871.8MeV 3
. . c = -
with cut on angle between kaonin g 600 = 4 =
D+ rest frame and D* momentum € 500 B =
. . . 0 = -
direction in lab frame E 400 B =
Q C 7
o = -
300 £ fit : N(D*)=1667 = 86 E
~1600 candidates seen in clear peak %0 F M(D)=1871.8x1.1 eV E
Mass in good agreement with PDG 100 | olM(D7)]=18.7= 1.2 MeV E
0 1 | 1 1 I | 1 1 | | | 1 | 1 ‘ 1 | 1 | | | 1 | 1 | 1 | 1 [

1.6 1.7 1.8 1.9 2 2.1 2.2
M(Kzr) [GeV]
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Lk

Again combine two oppositely charged

tracks, assign kaon mass, p;(K)>0.7 GeV

Consider good ¢ candidate if
M(KK) within 6 MeV of PDG ¢ mass

¢@ peak clearly visible on M(KK) plot

Combine with third track (mm hypothesis)

p:()>0.8 GeV

326 D=, candidates seen in M(KKm)
peak

https://atlas.web.cern.ch/Atlas/GROUPS

/PHYSICS/CONFNOTES/ATLAS-CONF-2010-034/
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https://atlas.web.cern.ch/Atlas/GROUPS

Inclusive )/ differential cross-section in bins of J/¢ p; and y
Key considerations:

" Acceptance: possible strong dependence on J/
spin-alignment, which is not fully known/understood
" Trigger and offline reconstruction efficiency

Ratio of non-prompt to prompt )/ production cross sections
(as a function of J/y p;)

do(pp — bbX — J/y X')
do(pp — J/Y X" )prompt

Many dependencies and systematics cancel in this ratio,
making this an attractive “early data” measurement

R
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Preliminary results

Data taking period between 23rd April - 4th June

Trigger selection:

Differential cross section:
only process events passing a trigger chain seeded by the minimum-
bias trigger, requiring a muon signature at HLT
Prescaled in later periods, but highly efficient, even at low pT
Effective integrated luminosity 9.5 nb!

Ratio measurement:
process events which pass either the above trigger, or level-1
single-muon trigger
Take advantage of an unprescaled trigger: increased statistics at higher pT
Effective integrated luminosity 17.5 nb!
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Observation of charmonium requires good Inner Detector tracking (for
track parameter measurement) and Muon Spectrometer performance

(for muon identification and triggering)
At the muon momenta typical for J/y, measurement dominated by Inner Detector tracking

In selection of J/y candidates we consider two types of muon:

r Combined muon

Combined muons have an ID track
matched to a MS track and refitted through

the detector to give the best measurement.

O = O At least one muon in a pair must be

combined.

Tagged muons are ID tracks matched to
muon segments when extrapolated to the

MS. Such muons generally have low

\ momentum.
([l O

Vato Kartvelishvili - Heavy Flavours in ATLAS :: SMB 2010 :: 20 Nov 2010




| ' ]/ candidate reconstruction

Select oppositely-charged muon pairs with associated ID track
(Comb-Comb and Comb+Tag pairs) with p,>3 GeV, |n |<2.5,

Background dominated by fake muons, decays in flight, heavy flavour decays

Unbinned maximum likelihood fit, with per-event errors

N
+; 350F T3 L=]] [ao fuig(mly,,6m,) + (1 = ao) fikg(m,,,)
3 N i=1
© 300 = 7 TeV data: opposite sign ATLAS Preliminary N
(2- N — Total fit le =95 nb-'l . 1 _(mpy—mjf 2)2
o [ e Background fit - sio(Myy, OM = e ASomuy)
g 250, Pl o) =
o 200 =
0 : 1 Signal yield @ 9.5 nb! = 592+30
2 150 3 ~lonalyleld @
T 2 1 Mass position 3.095+0.003 GeV
w 100 - . -
3 . in good agreement with PDG
50 s +Mf“%
-1 Resolution 71+4 MeV
2 22242628 3 3.23.43.63.8 4 consistent with simulation
J/y mass [GeV]
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Accessible kinematics

Acceptance limited by muon momentum 500" ATLASPImy:I—
cut p>3 GeV and n-coverage of ID PR Pl P,

300 Nuy=770£30
C my,=3.095£0.001 GeV
- o, =34+ 1MeV

200F

Mass resolution better in the “barrel”
region, but more entries at high rapidity

barrel

Jhy Candidates / (0.04 GeV)

100

o
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 Jhy candidate map
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Each event in given bin at reconstruction level weighted by:

w = |Alpr,y, )X |8p(ﬁl) X E(P2) X| Eig(P1 P2)

Detector \ Reconstruction Trigger
acceptance efficiency efficiency

Acceptance maps built from generator-level MC for a
variety of spin-alignment “working points”

As yet unmeasured, assess variation in final results due
to spin-alignment as separate systematic
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Spin alighment working points g@J

\

For a general vector state:  |y)=a_ |1,-1)+a, |1,0)+a_ |1,+1)

dN . .
o 1+ Xgx cos® 0 + Wge sin® 0% cos 2¢* + Agsg» sin 20* cos ¢*
1 — 3|aol? 2Rea’ ja_1 V2Re[a}(asy —a_1)]
1 + |ao|? 1+ |ao|? L+ aol?
s |
, For the time being, use < HX g
quarkonium | extremes to determine g
rest frame the uenvelopen Of !
roducton possiblevalues [ fal) (lfal)
plane
T Choice used by: |
X / y
¢ ™~ ATLAS CMS ALICE
-0.5 0 0.5

Ag

HX (both HX & CS) [C.Lourenco]
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Aoceplonce map: polarisation hypothesis TRPD
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Acceptance maps and
weight factors for J/y at
spin alignment working
points

pr,GeV | FLAT LONG TRPO TRPP TRPM
0<y<0.75
6-8 1.00] 067 131] 130 1.32
8§8-10 | 1.00| 069| 129| 132] 1.26
10-15 | 1.00| 072 124| 125| 123
075<y<15
4-6 1.00] 069 129 155 L.15
6-8 100 072 125| 129 1.22
8§—10 | 1.00| 074| 121| 122] 120
10-15 | 100| 077 118| 1.18| 1.18
15<y<225
0-2 1.00] 081] L.15] 155] 0.96
2-4 1.00| 073 123| 323| 077
4-6 1.00 | 064 | 1.18| 198 | 0.87
68 1.00 | 079 | 1.15| 144| 098
8-10 | 1.00| 08| 1.15| 126| 105
10-15 | 1.00| 08| 1.08| 1.18| 1.08
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Efficiency corrections

Data-driven trigger efficiency, from minimum-bias stream data

Determined for |/ candidate events from single-muon trigger
efficiencies, separately for Combined and Tagged muons

Calculated for each pT-y bin used in the analysis, from actual
distribution of J/¢ candidates

Offline muon reconstruction efficiency for the preliminary results
derived from MC simulations

MC-based efficiency maps validated with data, difference assigned
as systematic

Plan to use fully data-driven maps in the ongoing analyses
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Pythia prediction with NRQCD ME’s and
ATLAS-wide MCO09 tuning (based on MRST LO* PDFs)

Spin-alignment
envelope:

I T T | T T T I T T T | ! ! T |

-4 - (Pythia+NRQCD)x0.1
Spin-alignment uncertainty

T T | ! ! T l T T T I I

. 1.50<]y| <2.25

hy

a 0.755]y[, '<1.50
o 0.00<ly] '<0.75

g
P a0
- o -
= T ~~.. ' ‘*-,““ =
A= i TBlxt0 3
Central data is inclusive /" 5 - Y ]
J/p for ‘flat’ polarisation L 4L el .
hypothesis © = ATLAS Pre_ljminary 3
(Red: statistical error) C L= :3-5 nb | | 1 £} x1 | ]
R T e T

0 2 4 6 10 12 14
Jhy P, [GeV]

dor/dy X Br(J/y — pp)lyy=1.85 = (25075’ ) nb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-062/
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pridfyn GeV Mean pr GeV

Jhr . BrlJ/y — p'p” ] (nb/GeV)

dprrdy
. . 0.0 < lyl <0.75
Systematics-dominated @low p;: Data Pyriia
. . i 6-8 6.9 3.6 + 1.6 (stat) 39 (syst) 39 (theory)  76.5+ 1.5
Main systematics are from trigger I .
. g§-10 8.9 3.08 £ 0.66 (stat) *055 (syst) ') (theory) 26+1
and muon reconstruction .
10 - 15 11.9 0.75 +0.18 (stat) *}1! (syst) *037 (theory) 5.7 £0.3
Will improve somewhat with more data, 0.75 < Iyl < 1.50
. . . . . . Data Pyrhia
b;]t ;/]wll always be limited in this region 46 T 232440 (stat) 32 (syst) ‘139 (theory) 260 =3
O ase space
P P 6-8 6.9 8.0 + 1.0 (stat) 2 (syst) '35 (theory) 72+2
Compa rable va riation from 8-10 8.9 1.40 + 0.34 (stat) '3:3;3 (syst) ggg (theory) 23.3+£0.9
spin-alignment uncertainty 10 - 15 11.9 0.58 + 0.13 (stat) *006 (syst) “026 (theory) 4.9 +0.3
150 < Iyl <2.25
1 Data PryrHia
Can Only be reduced by direct _ 0-2 1.0 49 + 20 (stat) *§! (syst) 37 (theory) 621 +3
measurement --- may take a while
2-4 3.0 48 + 10 (stat) *12 (syst) “12? (theory) 773 +3
4-6 4.9 19.1 +2.7 (stat) *3! (syst) *2%! (theory) 235 +2
6-8 6.9 7.10 + 0.88 (stat) ' 132 (syst) "33 (theory) 64 =1
§ - 10 8.9 2.14 + 0.43 (stat) "33 (syst) "} (theory) 20.7 0.9
10-15 11.9 0.37 £ 0.11 (stat) *305 (syst) “D17 (theory) 4.8 £0.3
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ATLAS preliminary results

g HH + NS 100nb7 1.4 <lyl<24 compatible with other LHC
o +» ATLAS 9.5nb" 15<lyl<2.25 .
PP I « LHCb 14.2nb" 25<y<4.0 experiments
g 107 als-a 5 o ALICE scaled 2.7<y<3.8
o 1# ‘i@ﬂ_ Forward rapidities:
3 n Inclusive JAp ALICE CMS LHCb
3 10_5 \ =
: #
;'L 4 SR CMS 100nb' lyl<1.4
"E"‘ v ATLAS 9.5nb' 0.75<lyl<1.5
< 44 : + ATLAS 9.5nb"' lyl<0.75
% E -%" Inclusive J/y
] LHC \s=7TeV 4 i
Preliminary y B
10" 1 T T LN L N IR
0 2 4 6 8 10 12 14 16 Il
p¥ [GeV/c] J
— T L}
. = 1 )
[H.Woehri] & ¥
e 1 LHC Vs=7TeV
Central rapidities: —>_ . °~*"
AT LAS ) reliminary
0.75<ly| e T2 4 6 8 10 12 14 _ 16
<1.5 p/¥ [GeV/c]
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Comparison with NNLO* CSM

Perturbative QCD calculations --- relatively little ambiguity
NNLO* calculations include tree-level corrections to NLO

Only for direct vector quarkonium production (PRL 101 (2008) 152001)

In order to be compared to inclusive ATLAS data, needs correcting for:

feeddown from x_-states and y

non-prompt contribution from B>}/ X decays
Corrections made using Tevatron measurements

B feeddown correction now verified at higher energy by all LHC
collaborations, including ATLAS (see below)
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With these corrections, the agreement with ATLAS looks remarkably good

> 4 Spin-alignment uncertaint 1.50<| > 4 in-ali i
- B50<ly|, <2.25 — Spin-alignment uncertaint 1.50<ly|,, <2.25 —
S 107 € NLO Colour Singlet Y * 0o 75<ly[¥<1.50 3 3 10°E \NLO Colour Singlet Y ‘o 75<ly] '<1.50 3
S = NNLO* Colour Singlet - 0-00; Iy 0'75 - o) - i NNLO* Col inglet . 0-002 " 0-75 .
= B e 0.00<ly|, <O. ] = B e 0.00<Jy| <O. N
—~ 10° = —~ 10°F =
= E 3 3. E 3
+ - - + F =
= - . =3 - .
(S 1 I L ]
55/ 10°E * - 5}, 10 = x100 3
sl B ] Pl Z
*> | ] ¥> N
& 10g 5 o 10g
— = = — -
o C - Q. C
S - ] D -
o) o)
S 1F 5 %% 1=
- L,=95nb" 3 - L,=95nb"
c. .+ ooy by — Ce vy ey ey by
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Jy p. [GeV] Jhy oN [GeV]
T T T | T T T | T T T | T T T | T T T | T T T | T T T | T
4 Spin-alignment uncertaint 1.50<y| <2.25
10 NEO Colour Singlet Y : 0_755|y[”‘“<1_50

NNLO™* Colour Singlet

\13
e 0.00<ly|,'<0.75

—
o
w

T
o I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|
| IIIIIII|

—_
o

do/dp_dy*Br(Jiy—su'w) [nb/GeV]
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Comparison with Colour Evaporation Model LANCASTER]

\

CEM: once a c-cbar pair is produced, creation of colour singlet bound
states is governed by a suppression factor (Phys.Rep.462(2008)125)

No extra parameters used to extrapolate from Tevatron, using CTEQ6M
Agreement with preliminary ATLAS data remarkably good at low pt

Will be very interesting to compare at higher transverse momenta (soon!)

10% Spin-alignment uncertainty A 1 50<|y|‘J <2-25 =
= — Colour Evaporation Model m 0.75s5ly| w<1 50 =
- e O. 00<|y| 1<0.75 ]
10° =

102

T

d?s/dp_dy*Br(Jy—p*w) [nb/GeV]
=
[T IIIIII| [ TTTT

[R.Vogt]

Olll2lll4lll6lll8lll10|| |14
J/qu[GeV]
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A few comments

All experiments are trying very hard to produce results as free as possible
from dependence on Monte Carlo model, to provide input for theorists.

This may be even more important now than ever before:
With a 3 GeV mass, J/W has (almost?) lost its “hard probe” status:
Many talks yesterday mentioned 5 GeV scale as the separator

While for CDF the values of parton X, , are safely above 10, at LHC one
needs to go down to 104 for y=0 and 10> - 10 for y=2 and 4

Can we even trust factorization here?

If so, is J/W the only usable probe for such x?
Colour reconnection: by increasing reconnection, it's far too easy to
allow any heavy quark-antiquark pair to merge into quarkonia, thus

creating lots of spurious “unsolicited” J/W¥ and Y

Should serve as another constraint on reconnection, easy to check
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/ Nonprompt-to-prompt J/y ratio

Non-prompt (from B decays) and prompt (from QCD sources)
production proceed via different mechanisms

Discriminating variable used is the “pseudo-proper time”

xy displacement of Invariant mass of

candidate fr:-rni‘*f (ﬁ J JLI{/ ) candidate

pr(J/Y )

Variables and their errors calculated on candidate-by-candidate basis
Mass and lifetime fitted simultaneously using unbinned maximum likelihood fit

Different p.d.f. used for J/y signal region and sidebands
Delta-function plus exponential for signal

Delta-finction plus a sum of several exponentials for continuum background
(both convoluted with the resolution function)
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Nonprompt-to-prompt J/U ratio

PROJECTION: SIGNAL R

EGION.

Measure nonprompt (B-decay) to
prompt (incl. feed-down) production
cross-section ratio, in bins of J/Y p;

Shown here are projections in
lifetime (one bin for illustration) of

sS4 simultaneous mass/lifetime fit

PPSzOJECTION: SIDEBAND REGION
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pr(J/y) GeV || R= a(pp = bbX — J/y X")[a(pp = I/ X" )prompt | x*/DoF _ p-value ¥

Data MC
1-4 0.22 + 0.09(star) + 0.07(syst) 0.061 + 0.022 33.5/34  0.49
L..=17.5nb? 4-6 0.12 + 0.05(star) + 0.06(syst) 0.137 + 0.039 23.2/25  0.57
68 0.24 + 0.05(star) = 0.05(syst) 0.238 + 0.070 22.0/20  0.34
8- 10 0.25 + 0.08(star) + 0.07(syst) 0.365 + 0.126 10.1/15  0.81
10 - 15 0.60 = 0.15(star) + 0.10(syst) 0.469 + 0.180 6.9/16  0.97
% 1§ ) | 1 I 1 | I 1 I | ) | 1 | 1 1 1 I I I I | 1 1 1 I | é
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fraction of J/p from B-hadrons

Fraction of non-prompt J/y
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Latest mass plot of |/{ mass range

4 GeV p; cut on first muon, 2.5 GeV cut on second muon

Whole accessible range of rapidities
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/ Observation of B* mesons

Dimuons in J/i mass range combined with a third track (kaon mass assigned
Fitted to a common vertex, with J/y mass constraint on dimuon
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\/ Observation of B mesons

B mesons being long-lived, suppress background by applying
a cut on transverse decay length, L > 0.3 mm

Mass compatible with
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Observation of Y resonances

Three single Gaussians for Upsilon signals
AM fixed, common resolution o
pr(n)>{4, 2.5} GeV, E(u)>3 GeV, |n |<2.5

Extended unbinned maximum likelihood fit

Resolution noticeably better in Barrel

Roughly similar numbers in BB, EB, EE
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Summary of results so far

Excellent performance of the ATLAS detector

Observation of D*+, D*, D_* in hadronic decay modes

Observation of J/y and y!

Observation of B* decay into J/y + K

Observation of the three Y states

Preliminary measurement of J/y differential cross section
and non-prompt to prompt ratio
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charmed mesons:

Assess kinematic acceptance, selection efficiency
For some states, statistics can be enough for differential cross section

Full publication on J/y cross section and ratio

Data-driven efficiencies
Increased statistics, finer binning, extended to much higher pT values

Comparison to theoretical models

Measurement of the cross section and relative fractions of Y states
Observation of various exclusive beauty decays:

B, J/WK*, B = J/YK, B, = /e, B = J/ytm, A - J/QPA°
Measurement of @' production cross section and nonprompt fraction

All these analyses ongoing, at varying degree of completion
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Long(er) term plans

Based on 2010 data sample (in no particular order):

Further extend J/@y and Upsilon measurements:
higher pt
polarisation of J/y, @'andY
feeddown from x_and x, states via radiative decays

observation of X, Y, Z exotic quarkonium states

Insight into production mechanisms --- associated production of
prompt J/p (Y) with:

jets

open charm (beauty)

non-resonant photons

Cross section measurement for exclusive beauty decays
Inclusive b cross section measurement

Continue preparations to search for rare decays and CP violation

Lots of interesting results to come, watch this space!
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