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‘ Outline

= Introduction

o Heavy Flavour Physics Program
o ATLAS detector

= Results - (available at this link)
0 Quarkonia — J/y, Upsilon
o B physics — Exclusive signals
o Charm physics — Exclusive signals

= Future Plans
= Summary
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults

Heavy Flavourﬂ_Program at ATLAS

Key elements for B-
Physics searches:

Efficient low pt muon

trigger
Very good
* Muon coverage

* Track momentum

resolution
* Mass resolution
« Vertex resolution

« Well understood MC

(£
100 fb-1] Rare decays
10 fb-1 ¢ Searches for new CP-violation in weak

decays of B-mesons; rare decay searches;
Ab polarization

1 b1+ ,/

B-hadron properties, new decay limits
Understand backgrounds for rare decays
B. (A,) = J/y 1 (A) signals

- Detector & trigger understanding / calibration

- J/y,Y and exclusive B-channels

10 pb~" - Early measurements of well known B and D-decays
(production cross-section), exclusive and inclusive B

[f lifetimes

100 pb-" -

Time
CHC startup

(Nov. 2009)
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Length : ~46 m
Radius :~ 12 m
TIN Calorimeter Liquid Argon Calorimeter Welgh-r t 7000 TO"S

Muon Detectors

~108 electronic channels
3000 km of cables

3-level trigger
reducing the rate

from 40 MHz to
~200 Hz

il

| Inner Detector (|n|<2.5, B=2T):

d Si Pixels, Si strips, Transition
Radiation detector (straws)
Precise tracking and vertexing,
e/nt separation

Momentum resolution:

olpr ~ 3.8x10* p; (GeV) ® 0.015

Toroid Magnets Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

1 ]

S EEIRAIMELE: oAy Asegielen HAD calorimetry (|n|<5): segmentation, hermeticity

efy trigger, identification and measurement | ge/ggintillator Tiles (central), Cu/W-LA (fwd)

E-resolution: o/E ~ 10%/E Trigger and measurement of jets and missing E
E-resolution: o/E ~ 50%/\E @ 0.03
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‘ Inner Detector ID contains 3 sub-detectors (resolutions)
Pixel detector: 10/115 uym in R¢/z
B Silicon strip detector: 17/580 ym

KM Transition radiation tracker:130um R¢

SSP———— - 2T solenoidal magnetic field

> 2000
% 1800F. \s=7 TeV data ATLAS Prellmlnary_f
Q E E(.l 320)—)/\75 e Correct charge comb.|
g 1600:_ ~250 I.Lb_1 |:|Wrong charge comb. _:
":::' 1400:_ o Gaussian+polynomial fit —:
End-cap semiconductor fracker LUl - 1= 1322.24 0.07(stat) MeV ]
1200:_ o=  38%008(stat) MeV
10001 =
800} —;
Coverage: n| < 2.5 (2.0 for TRT) 6001 E
Accurate track & vertex reco. 400/~ E
Resolution goal: 200~ .
J
Cp1 /pr=0.05% pr D1% 1250 1300 1350 1400 1450
M, [MeV]
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‘ Muon Reconstruction

In selection of |/ candidates we consider two types of muon:

u Combined muon
Combined muons have an ID track
matched to a MS track and refitted through
the detector to give the best measurement.

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

combined.

Inner

Tagged muon

[ ] Tagged muons are ID tracks matched to
(ll

muon segments when extrapolated to the
MS. Such muons generally have low

O h[lE” | O momentum.

Can reconstruct muons with Pt>1 GeV
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Di-muon Candidates / ( 0.017 GeV )

100
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o o o
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Dimuon mass

X

—

o
w

dN,,/dm,, [GeV]

ATLAS Preliminary

Vs=7TeV
fL dt=41pb™

® Data: 2010
= Fit projection

----- Fit projection of bkg.

N,,, = 846000 + 1000
w, =3.095=0.003 GeV

S

0y =651 MeV

|
4
m,,

 [GeV]
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m,, [GeV]

—J, Many different triggers
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B physics triggers

Triggers used for analyses ranged from those

seeded by Minimum bias at L1 (J/y diff. x-section),

Single muon at L1 to dimuon triggers.

o Dimuon triggers pick up J/y (both prompt and
from B’s), Upsilon, B — uu (X)

Seeded by a single muon at L1 or a dimuon at L1.
Refinement at higher trigger levels

In future, e.g., L ~ 1033, we will still have the
dimuon triggers, although the ones seeded by a

single muon at L1 may pick up a prescale.



J/y

Historically Quarkonium Production & Polarization not
understood

Some popular models on the market :

o Color Singlet Model (CSM) - LO calculation badly underestimated
experiment

o Color Octet Mechanism (COM) (=ENRQCD) - Gave shape but no
absolute prediction

a
] 0 - | T T T T | T = [ T | T T T T | T T T T ‘ T T T T | :
BR(J/y—p'w) do(pp—J/y+X)/dp,. (nb/GeV) 7 BR(Y'>p') do(pp—Y(18)+X)/dp (nb/GeV) ]
Vs =1.8 TeV; [n| < 0.6 ] Vs =1.8 TeV; [n| <04
-1 A\,
1 total = L L total -
————— colour-octet 'SD + 3PJ ] 10 S \E“\E ----- colour-octet 'S, + *P ]
—r—— ::c:ll::-ur—os:tet.SSI o S __h‘\\ o colour-octet BS? !
* LO colour-singlet i T N LO colour-singlet
e B S colour-singlet frag. N &
] 0 E { X, T - Y ( 1 S )
ICEM + COM —
10 . N
o 3 \
1 10 . |
10 .HOC)C L ; L ‘]|0. 1‘3 L .2|0
) P (GeV)

pr (GeV)
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do ’dPTI|Y|<.ﬂ6 x Br (an,GeV)

= Recently, theorists started to calculate the NNLO*
contribution in Color Singlet Model

a Very large!
o Good agreement with CDF data

J.P. Lansberg arXiv:0811.4005

= " Note: Not full NNLO calculation, currently, only real contribution up to

as® (NLO yield + contributions from pp 2 Q + jjj)

100 W(2S) production [0 s ~ 100
10 | at sqrt(s)=1.96 TeV NLO 0]
NNLO* s = 10
1 CDF data -+ 1 o
01 ¢ scale and mass unceriainties | t 1F
combined in quadrature m
0.01 ¢ X 0.1
<
0.001 Y o001}
0.0001 _ll:
roos | _ o 0.001 }
for NNLO* curves: O
1e-06 mGE{ Sijmm{‘q‘ mcE _8 0-0001 1 [P L i
5 10 15 20 o5 a0 0O 5 10 156 20 25 30 35 40
P- (GeV) Pt (GeV)
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Onia Polarization

 Situation is equally confusing °

» Tevatron experiments disagree
with each other and with Theory

D@, Run 2 Preliminary, 1.3 o™
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] /v —upu differential cross-section &
Ratio of prompt to non-prompt J /vy

= J/y are also produced in B decays, so we
need to account for those

o For now, compare measured cross-section with MC,
which includes both sources. Also includes feed-downs

0 In the pipeline - Double differential (pT,y) x-section;
Prompt Cross-section in (pT, y) bins

= Use 9.5 nb? for differential cross-section
= Ratio of prompt/non-prompt J/y with 17.5 nb-"
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‘ J/wy Production Cross Section

= Get true yield of J/yv candidates from the observed
yield, by applying an event-by-event “weight”

w = |Alpr, y, 1) X[Eu(P1) X Eu(B2)|X| Erig(B1, P2)

Detector Acceptance Reconstruction Efficiency Trigger Efficiency

a Detector Acceptance :

= Probability for both muons to be in the detector fiducial
volume (generator level MC)

o Reconstruction efficiency :

= Estimated from prompt J/y MC and validated with data.
In(p)| < 2.5, P(u) > 3.5 GeV

o Trigger efficiency :
= Relative to offline calculated using minimum bias data

Vivek Jain 13



Fitting Mechanism

Use Unbinned Maximum Likelihood Fit to extract
number of J/\y candidates

= 350F _
> : ]
(E. 3005_ ;;;gl\/fciitata:opposite sign f.”; %§5Fr’]rbe_l1iminary _E
8 250:_ ----- Background fit " _:
) - ] . )
S 2000 1 Sample used in analysis
(7)) = 7
2 1500 E
€ . F 1 N=710+34
w 100t E Mass = 3.096 = 0.003 GeV

t s 1 Width=703 MeV

50F _
2 22242628 3 32343638 4
J/y mass [GeV]
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Final Fitting Results

= Correct J/y yield by event ml

weight

= For display only.

Weighted Yields

E [EREESRREERSY
ok 0 00<\y\<0 75 0 75<
E 10<p <15 GeV 10<p
60F-

Arbitrary units
N

s0E

1a0f- o.oos%<o.75 0.75<
E 8%p< GeV 8<p <

Arbitrary units

pT(J/v) = l

Arbitrary units

y

<

i

J|<1 50

5 GeV

<1.50
GeV

2}

180 0. 00<\y\<0 75 0.75<|y|<1.50
160 6<p <8 GeV GSpT<8 GeV

E0.75<
F 4<p<

g

\<1 50
GeV

E3 1 50<\y\<2 25
10<p <15 GeV

SSPIYY THRE X W1 SV

+ 1.5os\¥ <2.25 E

E BSpT< GeV

3 1.50<\g\<225
+ 4SpT<

GeV E

rapidity(J/v)

J/y candidates:
Weighted invariant mass

e 7 TeV data: opposite sign
— Total fit
--:Background fit

ATLAS Prellmlnary
L,,=95 nb™
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E 1.50<\X\<225 3
E 2Sp <

f
E 1.50<y|<2.25
E OSpT<2 GeV E
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‘ Systematic Uncertainties

= Acceptance :
o Biggest effect is the unknown spin-alignment

v

= Single muon reconstruction and Trigger efficiency :

o From minimum bias Monte Carlo, validated by Data with
proper uncertainty (mainly the systematic at low pT turn
on curve)

= Muon selection :
o Compare the results between different combinations

Vivek Jain 16



‘ J/w spin-alignment

= Acceptance depends on the as yet unknown angular
distribution of the decaying particle (spin-alignment of J/y)

by the formula P. Faccioli et al. arXiv:1006.2738

&N oc 1 + Agcos® 0% + Ay sin® 6* cos 2¢™ + gy sin 20™ cos ¢*

d cos 0*dp*
z
quarkonium 1
o 0*: between p* in J/y rest rest frame o
frame & J/yw momentum in lab sroduction \C:‘)*
|

o ®©* : between J/y prod & PERE T

decay planes in lab ; 5 y

= Use 5 different configurations, >
obtain systematic uncertainty:
| eg, }Lez '1, 7L¢=}Le¢= O

Vivek Jain 17




Results and future improvements

Yellow bands are the systematic
uncertainty from not knowing the Finer rapidity bins

spin-alignmen \
— T — T .
10*E (-+- (PythiatNRQCD)x0.1 s 1.50<ly| <225 : :
- pin-alignment ypsertainty m 0-75S|ny“<1.50 Tr'gger MaTCh'hg

y
o 0.00<Jy[ '<0.75

=
Q =

9 g

9 E

E | :

T 10F Sys. R\ 3 * Data-driven

Pl b g, 2T ¥ 1 offline and trigger
210 o, ---@‘mo 1 efficiencies

a [ ¥ T -

> 10 * P =

_g_l— - % B} k10 E

O i T ]

< 1 — Extend to higher pT(J/v)

aliminary RS U
* X1
1 | 1 1 1 ‘ | | 1 | 1 1 | | | | |

L i ! ! T

0 2 4 6 8 10 12 14
More Statistics! Jiy p_ [GeV]
Central value is for inclusive J/y for ‘flat’ polarisation hypothesis (Red: statistical error)
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;' 4 —'—I ™ n- all nmenl Ur‘llcel’talnly o 1 50<|y| <2 25 — ;' 4 ‘ | t I t t t 1 50< 2 25 1
5 10 - EE'H%‘E&C?&LEJ” et : 0.75<ly[,'<1.50 3 & 10 % =N '8%5 Smer}nglncer ety : 0. 75<|\¥|| :1 50 4f
E_ - CiEh o O. 00<|y| <0 75 3 é - & NFO Colour Singlet T o 00<|y|.1f <0.75 ]
T I0F E = 10°E .
+1 F ] * E E
z b 1.50 <|n|< 2.25 = f :

2 — 2

= 10°E { E = 107 =
=2 E 3 = E _ E
iﬁ - ] ;ﬁ C T —
5 10 E S 10g -
-g_n— 0 5 E -g_'_ 10 § -
° - ] Ke) C ]
: £ Fo<m<0.75 .
o 1 = 3 © 1 E E
- L,=95nb" 3 F L,=9.5nb" E
C N . X - I R EET R EET R R B

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Jyp. [GeV] Jiy P, [GeV]

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

* In order to be compared to inclusive

ATLAS data, needs correcting for:

 feeddown from Y -states
* non-prompt contribution from
B->)/y X decays
B e BT iR [é‘éw. Corrections made using Tevatron
T measurements

| T T T T T T T T T

in- al| nment uncertamty A 150<|y| <2.25
NN?SC’(?“J oS et - 0755ly[,/<1.50
olour single e 0.00<ly[}'<0.75

0.75 <n|< 1.50 -

—
o
S

—
o
o I IIIIIII| T \HIHIl T IIIIHI| T \IHIIIl T HIIHIl

—
o
w

T

d°o/dp_dy*Br(J/y—pu'w) [nb/GeV]
o

—
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‘Ratio of non-prompt to prompt J/y cross
section

+ non-prompt: from decay of B-hadrons.
+ prompt from direct & feed-down from other charmonium states

_ PP > bbX = J/yX’
pp = J/PX"

+ Discriminating variable is the pseudo-proper time:
Pseudo-Proper Time

t=Lt I\/l““/F)-l-m'l th-PrumPE
el / chhEhE
~ Lt MB/PSr ¢ V()
: prompt
Lr — decay length wrt the we M\ Jcomponent

AV paeudoproper tlme {pa)

primary vertex in the xy projection



Events /[ 0.25 ps ]

do(bb— J/y)/do(pp—s Jiy)

102

10

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

\

4<p_<6 GeV A .

7 TeV data

— Combined fit

- Signal component

- Background componen

ATLAS Preliminary
L,,=17.5nb"

t

pseudoproper time [ps]

e Data: ratio of non-prompt to prompt

* Pythia+NRQCD

ATLAS Preliminary
L, =17.5nb"

*

N\

-

! IR R N
10 12 14
Jhy P, (GeV

~—

— | T I T T T I T T T I T T T | T T T I T T T I T T T
g8 102 = 4<p <6 GeV * e 7TeVdata —
& E * ---------- Background component I
o u * 3 ]
— - + E ATLAS Preliminary B
- - 3 ¢ L,,=175nb" 4
9

& 10 t

> 3

LLl

T IIl_IIIl

pseudoproper time [ps]

10 Background component from

Jhy sideband region

Large statistical error due to
small MC samples of bb —J/yX
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Upsilon Observation

Using ~290 nb-1 2010 ATLAS data

>
Muon trigger as in 2 500
' o
J/y analysis S 700
)]
Selection Criteria : £ 600
C
a  Good primary vertex o 200
2 pT(uy, up) >4, 2.5 GeV 400
a In(u)<2.5 300
: 200
~950 Y (1S) candidates
100

Vivek Jain

of?
ok
-.q_

Cross-section measurements
are in the pipeline

: T T | T T | T T | T T | T T | T T | T T
- .. Data: ite si
— ATLAS Preliminary ="« oaw: same sign

=9.48+0.01 GeV
meantY e) © I L dt ~290 nb"
o(Y, ) =0.17£0.01 GeV

N(Y ) = 952+ 77
N(Y ) = 259 + 59

N(Y ) = 60 + 59

.....
««««
.,

A I

8 9 10 11 12
dimuon mass [GeV]
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‘ Exclusive B signals:

= Very useful for understa

BT —J/y K"

nding reconstruction,

flavour tagging algorithms that will be used for CP
violation, studying rare decays

250_ T T T T I T T T T | T T T T I T T T T I T T T T | T T T T

[ ATLAS Preliminary mg- = 5283.8+ 3.4, ., MeV ]

B o= 3614 MeV
200 \s=7TeV (stat.)
- Ng: = 325+ 36,

Entries / (30 MeV)

Mg = 52832+25_  MeV -

c=39%+3 MeV
(stat.)

Ng. = 283+22,,

20
_ ATLAS Preliminary

|00__ Ns=7TeV

50— =

- JLdt=3.4pb'1 - J-Ldt=3.4 pb’

150 1.5 L, > 300 um B
N - xy >
| 4oy Lyp30am _
= 1.1 l UU_ s

100 T TR : .

No vertex displacement cut applied

M ke (MeV)

I B B B B B e ey T
5%00 5100 5200 5300 5400 5500 5600 5(())00 5100 5200 5300 5400 5500 5600

20

-
-----
LT
------------
LD
-----

M ke (MeV)

Vive

13% loss of signal due to L, cut a

grees with MC predictions |
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Exclusive DO signals

= A good testing ground for QCD predictions
for heavy flavour production

o Cross-section measurements are in the pipeline
o Selected using minimum bias trigger
= Test reconstruction, vertexing algorithms
o Width of mass distributions in data agree with MC
= EXxclusive signals can also be used to
understand tracking efficiency

a0 D — K31/ D — Kn is well-known (PDG: 2.0820.05).
a Compare our result with PDG. In the pipeline
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ATLAS Prellmlnary

\Ns=7TeV

> ]
21800 |- Ly=14nb"
01600 Data 2010 ¢ ]
o @ right-charge combinations e
@ 1400 | --- wrong-charge combinations ]
o C n
24200 —
0 - ]
® 1000 —]
= C .
5 - ]
£ 800 |- =
O 600 |- fit : N(D**) = 2020 + 120 —
400 ¥ * AM = 145.54 + 0.05 MeV -
4 D — DO -
200 F¢ 6(A M) = 0.85+ 0.05 MeV =
::I 1 1 1 1 K 7-cl \(‘—i_c .I)‘ Il 1 1 1 | 1 1 1 1 ‘ 1 1 Il \:
0.14 0.145 0.15 0.155 0.16 0.165 0.17
AM = M(Knr,) - M(Km) [GeV]
1.83< M(Kn) < 1.90 GeV
> 1000 : T T ‘ T T T T I T T T T ‘ T T T T ‘ T T T T | T T :
2 900 £ ATLAS Preliminary \s=7TeV L, =14nb" -
= - ® Data 2010 3
oy 800 & ¢ LXY > 13 mm _E
Q 700 B —
2 - -
© 600 —
® - =
£ 500 —
£ - E
8 400 E_ —;
300 - fit - N(DY) = 1667 + 86 E
200 = mM(DY) = 1871.8% 1.1 MeV [
100 &= o[M(DY)] = 19.7 + 1.2 MeV =
O E Il 1 1 1 ‘ Il 1 1 1 I 1 1 1 1 ‘ 1 1 1 Il ‘ Il 1 1 | Il Il E
1.6 1.7 1.8 1.9 2 2.1 2.

M(Kxr) [GeV]
D* - K- n" 7" (+c.c.)

No particle ID used here

> L I T ]
2L.400 - ATLAS Preliminary \s=7TeV L =14nb" ]
o B Data 2010 1
= 1200 @ right-charge combinations ]
8 [ --- wrong-charge combinations i
21000 [ ]
"% E“Q”Q E
£ 800 * "'“ ¢ —
2 RN 7
E 600 - e
O N N n
400 [ fit :N(D*)=2100+130
C M(D% =1865.5+ 1.4 MeV D
200 — o[M(D%] =24.2+ 15 MeV
:I 1 1 1 | 1 1 I 1 Il ‘ 1 1
1.6 1.7 1.8 1.9 2 2.1 2.2
M(Kr) [GeV]
144 < AM< 147 MeV
> 400 : T T T | T T | T T ‘ T T T T ‘ T T T I T :
2 - ATLAS Preliminary \Ns=7TeV L ,=14nb" 7
< 350 |- E
N - ® Data 2010 .
g 300 § D*, - n"® — KK* 4
2 250 [ (+c.c.) =
5 - 3
Fowl g :
5 150 ! .
o — —_—
© - ]
100 & fi : N(D) =326 + 57 + ¢
- M(D)) = 19715+ 4.6 MeV ]
50 = o[M(D%)] = 24.0 + 3.8 MeV =
2 0 : 1 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 I 1 1 1 :
1.6 1.7 1.8 1.9 2 2. 1 2.2
+K(- M(KKr) [GeV]
| M(K*K") - M(®)ppg | < 6 MeV
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‘ Future Plans

= Quarkonia
a Polarization analysis on 2010 data in progress
oy (prompt), Upsilon cross-section, polarization
a Search for various X, Y, Z states in progress

= Open charm and beauty studies

a Cross-sections (also in association with
quarkonia), A, polarization, Exclusive & Inclusive
B lifetimes, B,

= Rare decays — Need datasets ~ few fb -
a B, —J/y ® — lifetimes, helicity amplitudes

= Additional sources of CP violation

Vivek Jain
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B, —

o Rate in SM: (3.42+0.52)*10~

o Current PDG (90% CL) Limit:
<4.7*%108

o Good mode to search for SUSY b
with large tanf

o Studies are on-going

o Can continue search in

high Luminosity era
= Triggers will probably need to be
modified

Vivek Jain 27



Summary

B physics program at ATLAS is starting to
produce results

o See benchmark modes, initial physics results

J/y cross-section, Upsilon observation, Exclusive B and
Charm meson signals

a Early stages

Understanding issues relating to reconstruction, trigger,
etc.

Exciting times lie ahead
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Extra stuff

Vivek Jain
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|—1V|uon Spectrometer

Precision tracking chambers and trigger chambers
o Monitored drift tubes
o Cathode drift chambers

o Thin-gap chambers Thin-gap chambers (T&C)

o Resistive plate chambers

- Cathode strip chambers (CSC)
gt

Im| coverage up to 2.7

Magnetic field produced
by 3x8 air-core toroids
o Barrel/End Cap toroids
o Complex field map |
a B~0.5T, but varies in R/Z* WAREN \ | | \WEAPPZ 2 4 L)
o Bend in barrel is in Z
. . Barrel toroid
o Bend in ECap is along R D Resistive-plate
chambers (RPC)
L/ End-cap toroid
Op,/pr=10% at pr =1 TeV ™~ ~ Monitored drift fubes (MDT)
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Di-muon Trigger

L1 MU

Two L1 muons

confirm muon at L2
Tracking in small RoI

Mass & vertex cuts

The lowest level 1 muon trigger threshold are 4 GeV, 6 GeV

B-Trigger Strategy

Single p Trigger

L1_MU

One L1 muon

confirm muon at L2
Tracking in one large

RoI search for the 2™ muon
Mass & vertex cuts

= Single L1 muon triggers:
" Use lowest muon pT threshold and FullScan(time consuming) to give highest efficiency

at startup

* L1 di-muon triggers:

* Use lowest muon pT threshold (MU4)
* Reduce the background and will be needed at higher luminesity.

Muon or Track

FullScan Trigger

L1 MU

One L] muon

confirm muon at L2
Tracking in entire detector,
search for the 2 muon
Mass & vertex cuts



‘ J/wv Analysis

Event Selection :

o Atleast ONE primary vertex which has 3 tracks associated (each of
them has quality cuts, 6 SCT, 1 Pixel hits, to remove the badly measured
muons)
o Opposite charge muon pairs with successful vertex fit
o ONE of the muon candidates needs to be “Combined Muon”
a In(wl <25 Ty and onin ATLAS with 250 '
v and y(2s)Observationin ATLAS with 290 nb-! Data
Q I\/IomentumCut: < AL B LA B B LN NS LN NLELELE LR
: 3 3000 ATLAS Preliminary ® Dala2010:0pposte Sen ]
m  Cross Section Measurement : S - banzoro:sameSgn
3 2500/ Ns=7TeV } Fi rojeton T
D P(“) > 3.5 Gev, |n|<2 9 E L dt = 290 nb - === - Fit projection of background E
@ 20001 N, = 6820+ 90 Tight Selection —
d P(},l) > 8 GeV, |ﬂ|>2 § - m,,=3.095 + 0.001 GeV i Seeete -
Trigger Configurations : : 1800F- -7 T E
o Muon hardware level 1 trigger = 1000F -
or minimum bias trigger with 500 E
confirmation at MS Poveotereoteecreeooecad” % **rennaas
02 22 24 26 28 3 32 34 36 38 4

m,, [GeV]
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‘ Fitting Mechanism

= Unbinned Maximum Likelihood Fit is used to extract
the J/\v mass and the number of J/\ candidates

= Log- Likelihood function :
Reconstructed sample used as

Input to analysis

N
InL = Zwi']-n[fsignal(mLF)+fbkg(mLu)] S
(¢b] __ . . . i
i=1 o] 300: . ?'I;el\/fc_itata. opposite sign ATLAS Preliminary ]
= [ —Total fi L., =9.5nb ]
8 250 :_ ----- Background fit _:
o - ]
o Signal PDF (Gaussian function) : $ 200;
Q
1 ~(m—m gy E
/: signal (myp-,- §mpp) =52{] e ASomun?
V2 §omy, : :
: . 2 22242628 3 32343638 4
o Background PDF: linear function Jy mass [GeV]
N =592 +30
L
Using event-by-event mass error Mass = 3.095 + 0.003 GeV

Width =71 £ 4 MeV
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1
aLg 1 1.5 2 a5 14 2 ]
Abealube| My rapdty [Aibenute) Sy rapdity

(a) A=Ay =daa =0 (b) ds=+1, 4, = dae =0

AEE T M E: pEEE N WpoTess LONG ACosmiance map: polaisaion wooesks TREP

 hmchte | Jv sty . bsois Je reodi
(€) Adg = =1, 4y = dgy = D (d) dp= +1, 0, = +1, dgy =D

Areaprune mape palaramien Rypomess TAPM

1.4 2 25
CADSDLED S rAsidiy

{H] As =+1"i1|"= —1,.'{“. =0

LANCASTER ) \

Acceptance maps and
weight factors for J/y at
spin alignment working
points

pr,GeV [ FLAT LONG TRPO TRPP TRPM
0<y<0.75

6-8 100 067 131] 130] 132
8—10 | 100 069 | 129| 132| 1.26
10-15 | 100 072| 124| 125, 123
[ 075 <y< 1.5
4-6 100 069 129] 1S5] LIS
6-8 1.00| 072 125| 129 122

8-10 1.00 074 | 1.21 1.22 1.20
10-15 1.00 077 | 118 | LIS 1.18

[ 1.5 < y < 2.25

0-2 1.00 081 | 1.15| L.55 0.96
2-4 1.00 073 | 123 | 3.23 0.77
4-6 1.00 064 | 1.18 | 1.98 0.87
6-8 1.00 079 | 115 | 144 098 —o
§-10 1.00 0.80 | 1.15| L26 1.05
10-15 1.00 082 | 1.08| L.I18 1.08
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‘ J/w Spin Alignhment — cont.

C. Lourengo

= Five spin alignment scenarios - e s M LR AL R

s i
a Longitudinal : A, =-1, 7‘¢ - 7‘94) =0 = o5 HX Py‘réhia default setting
1t Transverse : Ay = +1, 4, = Aq, = 0 ‘
2n Transverse : Ly = +1, A, = +1, 44, = 0 (%) ______
3"d Transverse : A, = +1, Ay =-1, %y =0 :
0.5
= For Non-Flat distributions : Al o —

o Re-weighting the Flat distribution in truth level !

O

(]

O

according to the formula in previous page O CMS
e LHCb
Acceptance map: polarisation hypothesis FLAT Acceptance map: polarisation hypothesis LONG A map: isation hypothesis TRPP

= 1 = 1 = 1
[ [ [
o 12 . a 12 . a 12 | X !
2 2 2 :
= . = . = .

ATLAS Preliminary . ATLAS Preliminary . ATLAS Preliminary .

— 0% 05 i 15 2 2.5 05 i 15 2 2.5 % 05 i 15 2 25 0 =
(Absolute) J/y rapidity (Absolute) J/y rapidity (Absolute) J/y rapidity
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Systematics-dominated @low p+:
Main systematics are from trigger and
muon reconstruction

Will improve somewhat with more data,
but will always be limited in this region of
phase space

Comparable variation from
spin-alignment uncertainty

Can only be reduced by direct
measurement --- may take a while

pridfyn GeV Mean pr GeV

“Br[Jfy — ' 1] (nb/GeV)

u’p- .:I_f
0.0 < |yl < 0.75
Data Pyraia
6-8 6.9 3.6 + 1.6 (stat) 39 (syst) 39 (theory)  76.5+ 1.5
8§10 8.9 3.08 + 0.66 (stat) *247 (syst) 1] (theory) 26+ 1
10 - 15 11.9 0.75 +0.18 (stat) *}1! (syst) *037 (theory) 5.7 £0.3
0.75 < |yl < 1.50
Data Pyrhia
4-6 4.9 23.2 4.0 (stat) "3 (syst) *157 (theory) 260 +3
6-8 6.9 8.0 + 1.0 (stat) 2 (syst) '35 (theory) 72+2
8- 10 8.9 1.40 + 0.34 (stat) *0-18 (syst) *073 (theory) 233 +0.9
10 - 15 11.9 0.58 +0.13 (stat) *00 (syst) *026 (theory) 4.9 £0.3
150 < Iyl <2.25
Data Pyrhia
0-2 1.0 49 + 20 (stat) '25 (syst) 3 A1 % (theory) 621 +3
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) -;;g (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




dzc/dedy*Br(J/qJ—m*u') [nb/GeV]

10*

10°

102

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 with higher statistics data (soon!)

T T T | 7| T T | T T T | T T T | T T T I T T T I T T T | T
Spin-alignment uncertainty a1 50<|Y|‘J <2.25

—— Colour Evaporation Model m 0.75<ly| w<1 50
e O. 00<|y| <0.75

[R.Vogt]

Olll2lll4lll6lll8lll10|| |14
J/Ipp[GeV]



Compare to Other LHC experiments

«+ CMS 100nb' 1.4<lyl<2.4
ATLAS 9.5nb" 1.5<lyl<225
* LHCb 14.2nb' 25<y<4.0

Q)
>
Q
G
E 10° o #& E o ALICE scaled 2.7<y<3.8
- |8 &
% 'ﬁrﬂ—ll Inclusive J/yp
3 10 ® 5 Forward rapidities
‘;: ] Sl ATLAS
;‘L 4 & CMS
= 17 ALICE
g +
] LHC \s=7TeV
Preliminary 8
10" 1 L L I I I L
0 2 4 6 8 10 12 14 16

pf“’ [GeV/c]

Central rapidities
ATLAS : 0.75< |y| <15

Vivek Jain

(compilation by H. K. Woehri)

Have good agreement with
other experiments

* LHCb, ALICE has further forward

acceptance
§ CMS 100nb" Ilyl<1.4
& v ATLAS 9.5nb’ 0.75<lyl<1.5
5 102 ATLAS 9.5nb' lyl<0.75
c
o Inclusive J/y
> f
©
S
s 107 °
x -
=
=
T ¥
L]
% 1 )
o« ]
m ] *
] LHC \s=7TeV
1 Preliminary
w-r———T—71 7T T T
0 2 4 6 8 10 12 14JJr 16
pT‘*’[GeWc]
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