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Measurement of the W '+ prompt JA)
production cross section in pp collisions
at \'s = 7.TeV with the ATLAS detector
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Heavy Quarkonium (QQbar) Production

*  Production of heavy charmonium (ccbar) in pp and coloursngletstet, ,S
ppbar collisions %%_/{,_.. )
— Hard to calculate due to small charm quark mass ‘

— Phenomenological models fail to describe properties
(do/dp+, ccbar polarization, etc.)

 Models .
— Color singlet process (CS): charmonium quantum colour-octet state %&r\tj)
numbers determined by original quarks @ =
. o Dy
— Color octet process (CO): charmonium quantum N 5
numbers determined when ccbar system evolves into P

quarkonium state through radiation of soft gluons
« ATLAS measurements of QQbar production

ATLAS,

— Y(2S) cross section [ | S T r'n;t AR
- X production [ ] % 10 v /S\T.LASV ly,,|<0.75 | E
— pin-alignment envelope _
— Incl. Y(nS) diff. cross sections and ratios [ ] E;Lmj 28 N eyt Modl _
— Y(1S) fiducial production cross section [ ] B ik B NNLO Colour Singlet E
— differential cross sections of inclusive, prompt and non-prompt ¢ ook 7
JAp production [ ] = -
. i g
* Measurement of W+ prompt JA) production could 3,4 ez _
shed further light on heavy quarkonium production — ®  f——gs——g5—s3%%%""7
mechanisms Pr (GeV]
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Single and Double Parton Scattering (SPS & DPS)

Single Parton Scattering (SPS)

— SPS involves a single parton from each
proton

Double Parton Scattering (DPS)

— Mechanism with two hard scattering
processes (A and B) in a single pp
collision

— The W is produced in one hard scatter
and the JAp in the other

SPS and DPS contributions to W + prompt JA) production
could (in principle) be distinguished statistically based on

event topology

Pile up (background)

— W and J/psi are produced in different pp
collisions in the same bunch crossing

Some low-order Feynman diagrams for SPS
production of W + prompt charmonium
[Song, Zhang, Ma,

g ¢ U c q Un c
U U
) g9
d C " > g Un g
d W d
W d W
(a) (b) (c) d
c c c
- v u 9 u g < R
d g
d ¢ d ¢ c d 9 c b ¢ c
. W W W
g W d d p
(©) (1) (&) (h)

Double Parton Production
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Event Selection

« 2011 ATLAS data set
— 4.5 b " of pp collisions at\s = 7 TeV
» Single muon trigger p+> 18 GeV
e W— uv
— Isolated muon p+> 25 GeV and |n| < 2.4
— Missing transverse energy > 20 GeV
— Transverse mass of W m/"> 40 GeV
— U consistent with primary vertex
* JA)— p
— p#>3.5(2.5) GeV with |n*| < 1.3 (In¥| > 1.3)
— Di-muon pair consistent with common vertex (z, within 10 mm of PV)
- 25<m,, <35GeV
- 85< p#<30GeVandly,| <21
« Zveto
— Events with a di-muon mass within 10 GeV of Z mass are removed
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W + prompt JA) Candidate Event

Missing transverse
momentum direction
(associated with v
from W)

N — uu —— , S.ATLAS

A EXPERIMENT

u (from W)
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JA) Candidates

. non-prompt
*  Prompt JA) signal combinatorial background

— Peaks at JA) mass and at = BT S
zero pseudo-proper time Q[ ATLAS\sg7TeV, |Ldt=4.5 fb' .

— Includes JAp from decays of & OF ° E

. 9 e.d. i= - ° non-prompt

excited charmonia e.g. x, s . I background

* Non-prompt JA) background o o / i
— Peaks at Jip mass, but has & S o ue E
non-zero pseudo-proper time -8 2"1 ° . * % , B

S L @ ° e ©0® .

— JAY from b hadron decays o o0 ° *y ]

« Combinatorial background D; 1:L.- LA I ..;i R
— MU mass does not peak at JAp > oéo:.. -’..’: P oS ."owﬂ.. e -
mass . * :

-1 ) ° ]

_2: | | I I | | I | | | | | | | f | .

/2.6 2/V 3 32 34
wu Invariant Mass [GeV]

prompt combinatorial prompt
background JIp signal
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Extraction of prompt JA) Component

» Two-dimensional maximum likelihood fit in uu invariant mass and pseudo-proper time

— Mass PDFs

» Signal: Gaussian

» Combinatorial background: Exponential
— Pseudo-proper time PDFs

*  Prompt: Gaussian & (6 function + double-sided Exponential)
*  Non-prompt: Gaussian ® Exponential

Probability Density Function (PDF)
shape parameters determined with
a large inclusive JAp data sample

2

> [T | T T T | T T T | T T T T T T T ] w 10 :I T TT | T TTT | T T 1T | T T 7T | T T 1T | TTTT | T TTT T TT J:
© _ [ATLAS \s=7TeV,[Ldt=45 fo | Q " FATLAS,\s=7TeV,[Ldt=451b" :
Q) 50 | -e- Data ] C\'! B —o— Data i
S - = Total fit - e I — Total fit -
C)- - IIIIW+J/I|I . . N n B i W+prompt J/\ll i

e 40—_.... W + prompt combinatorics ] = i W + non-prompt J/y

P | w W 4+ non-prompt combinatorics ] ) B ==t W + prompt combinatorics |
-lE L - > 10 - w . =
o L i LLl S 1\ Y + non-prompt comblnatorlcsz
> B . L .
w30 o - .
20__ __ 1 — ® L 2 B

10 - _: I g = , ) 1

0}'.“.".:'.".”. .".“.‘2”.“.’HI'_JH'H-II|' g, ‘rr-n-:nnnﬂnmiq.m.l.p‘l R 10-1 Ll ;.::.;. 2 .%‘. [ ally |‘:”p| P T 1% L1
2.6 2.8 3 3.2 3.4 2 1 0 1 2 3 4 5 6

ww Invariant Mass [GeV] Jhy Pseudo-proper Time [ps]
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W + Prompt JA) Signal and Background Yields

Yields from two-dimensional fit

Process Barrel Endcap Total
Prompt J /v 10.0757 19.273%  [29.27 72 (%)
Non-prompt J /y 27-9’:2:3 13-9fi:§ 41 .8f§/:§
Prompt background 20.4’:2:? 18.8“:2:2 39-21L§:§
Non-prompt background 19.87375 19.2784 39.0%51
p-value 8.0x107° 1.4x107° 2.1x107’
Significance (0) 24 4.7 e 5.1

(*) of which 1.8 0.2 originate from pileup First observation

« p-value and significance of W+ prompt JAp signal determined from
probability that (S+B)/B likelihood ratio in background-only pseudo-
experiments fluctuates up to observed value in data or higher
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Prompt JA) + Non-W Multi-jet Background Yields

« Extract mVfrom prompt JA) signal using sPlot
« Fit mVdistribution to

— W signal template

— Data-driven multi-jet template

« 0.1 4.6 multi-jet events; multi-jet fraction < 0.31 at 95% C.L.

9 [ T | T T T T I T T T T | T T T T ] > 30_ T T T T | T T T T | T T T |_1 | T T T T
& 0.05 ATLAS\s=7TeV,[Ldt=451b" 1 & ATLASNs=7TeV, [Ldt=451 ]
o) o 25 W+multi-jets hypothesis =
qﬁ L = \N template | S B —— W + prompt J/y data
‘© 0.041 multi-jets template 12 o0 = Total fit 7
= | T S ¥
=z - . (I multi-jets
0.03 1 o
D
0.02- 4
B =
0.01- -
L Lo 0 el ] - AR R N N N TN SN M SO AN SN SRR SAN A NN SO NN N i
OO 50 100 150 200 0 50 100 150 200
W Transverse Mass [GeV] W Transverse Mass [GeV]
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Other Backgrounds

- W+b
— Rejected as non-prompt from likelihood fit
« B,>JWpuvX
— All candidate events have 3-u mass above 12 GeV [m(B,) = 6.28 GeV]
« Z+jets
— Require for all oppositely-charged muon pairs |m,,—m, | > 10 GeV
*  Pile-up

=N XP XLXo
Jly pp

pileup extra

— N,,., = extra pp collisions per event close enough to primary vertex to

pass selection
— P, = probability to produce a JAp in given y"* and p;”* range

,=1.840.2

%
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Double Parton Scattering

W and JA) originate from different
parton interactions in the same pp
collision
— Estimate DPS W + prompt JAp yield from
W yield and probability that a second
Scattering produces a JAD

Npps =P XN,

JIyw

— P calculated from incl. JAp cross
section and effective cross section for a

second hard scattering
})J/I//|W =0, / O

— 0, assumed independent of scattering
process and calculated from W (= | v) +
2-jet events [ ]

« 0,=(15+3%_) mb

— DPS events account for 10.8 £ 4.2

events in the signal yield

Events /0.5

N
o

—_
a1

10

0

|II||IIII|||I||IIII|IIII|IIII

ATLASAs =7 TeV, jL dt = 4.5 b

-o- W + prompt J/y data
Estimated DPS contribution
DPS uncertainty

|
+

| | | 1 | | | I |

///7/ I W%/}///}%

N

!

0O 0.5 1 15 2 25 3

AG(W,J/y)

A¢ (between W and JAp) distribution
consistent with DPS estimate (expect
DPS flat in A¢, and SPS to peak near 1)
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W + prompt JA) Cross Section

* Measure ratio R, of W + prompt JAp cross
section to incl. W cross section

3><1O'6
Rﬁd_BR(J/II/%‘LL‘LL)XdGﬁd(pp—>W+J/l//) }5; - pp— prompt Jy + W : pp—> W -
Ty = Ty t |3, [ ATLAS \s=7TeV, [Ldt= 450" E
Gﬁd (pp — W) dy \;6 25: O<|yJ/w|<2,1, 85< pT oy < 30 GeV ]
© - —# Data ]
- Ryt =(51£13%4)x10° S 2 ety -
— RJ/l,binCl = (126 + 32 + 9+41_25) x 1078 \6 i B NLO CO predictign ]
X - N i
— Ry, DPSsub=(78+ 32+ 221 ,) x 106 Z 1.5 \ E
[ y¥| <21, 85<p <30 GeV; third error is due to =3 - i
uncertainties in JAp spin alignment] ;_ 1__ » W N B
S0 \ ]
 Comparison with predictions * 0 53 { N k
— RJ/szPS LOCS =(10-32) x 1078 T -
~ Ry, SPSNLOCO = (4.6-6.2) x 1078 o :
Fiducial Inclusive DPS-subtracted

» Discrepancy with CO prediction could be S| ]
due to large higher-order contributions or CcoJ ]
possible breakdown of NRQCD universality
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p"% Dependence of Cross Section Ratio

- Dependence of R ;™ and R,,,P"S are shown as function of p"*
— SPS appears to be dominant contribution at low p"%

L pp— prompt J/y + W : pp—> W
ATLAS, s =7 TeV, jL dt = 4.5 fo!

+ Data

N Spin-alignment uncertainty
Estimated DPS contribution

|||||rﬂ

X N

E/ 1 1 | 1 | ///%// //%

o) 10 15 20 25 30
J/y Transverse Momentum [GeV]

R
N

—_
o
©
T
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Conclusions

The associated W + JA) production measurement

[ATLAS, 1is the latest in a series of ATLAS
measurements of the production of heavy quarkonium in pp
collisions

— First observation of associated W + JA) production

— DPS scattering process estimated to contribute at the level of
40% to the signal yield

— Measured inclusive SPS contribution larger than LO CSM and
NLO CO predictions, but consistent at the 2o level

ATLAS will publish a few more heavy quarkonium
measurements on Run 1 data (at 7 and 8 TeV)

PANIC 2014
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