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T. Engelmore : PHENIX
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T. Engelmore : PHENIX
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T. Engelmore : PHENIX
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X. Li : STAR

~30-60% of non-photonic electron come from B meson in 200GeV p+p collisions.

Assume the same fraction in Au+Au collisions, results indicate B meson is 
suppressed

9

B Meson is Suppressed in 200GeV Au+Au Collisions 

Phys. Rev. Lett. 105 (2010) 202301
arXiv:1007.1200

Phys. Rev. Lett. 105 (2010) 202301
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X. Li : STAR

11

Result indicates the broadening of 
the awayside peak in both di-hadron 
and e-h correlation in Au+Au central 
collisions

Broadened Away-side in the NPE and Hadron Correlations

STAR Preliminary

B. Biritz (QM2009)

Trigger pT :4 ~ 6 GeV/c
Assosiated pT: 0 ~ 4GeV/c

--- PYTHIA

di-hadron

e-h in d+Au e-h in Au+Au

DIS Heavy Flavour: 2011-04-15 HF Working Group 5



X. Li : STAR

14

D* reconstruction in p+p 200GeV

More than 4 signal at low pT and 
very significant at high pT - mostly from 
EMC-based high neutral energy triggers.

Both wrong sign and side-band methods 
reproduce background well.

No significant charge 
asymmetry is observed

STAR Preliminary

DIS Heavy Flavour: 2011-04-15 HF Working Group 6



K. Lee : PHENIX
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K. Lee : PHENIX
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K. Lee : PHENIX
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M. Cervantes : STAR

April 12, 2011 Deep Inelastic Scattering: Newport News, Virginia 11

! Hadronic activity directly around the heavy 
quarkonium has been suggested as an 
experimental observable to measure the radiation 
emitted off the colored heavy quark pair during 
production. (Kraan, A. C., arXiv:0807.3123v1 [hep-ex] 19 Jul 
2008)

Upsilon + Hadron Correlations

* Observation of this effect 
   in simulation (PYTHIA).

* We search for the increase in
   hadronic activity coming from 
   the radiated gluons using the 
   similar but alternative method 
   of “azimuthal correlations”.

!" – correlation 
measurement

Friday, April 15, 2011
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M. Cervantes : STAR

April 12, 2011 Deep Inelastic Scattering: Newport News, Virginia 13

       Run 8 d+Au data (left)

 
    Run 9 p+p data 
(right)

! In d+Au data, correlation is not significant relative 
to the underlying-event.

! In p+p data, PYTHIA has a similar underlying-
event.

! *RAW: !" - correlation is not corrected for 
efficiency and acceptance.

!" - correlation (*RAW): Data vs. 
PYTHIA

Friday, April 15, 2011
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M. Gagliardi : ALICE

pT spectrum

Inclusive J/!!!! cross section in |y| < 0.88
Using best calibrated subset of 
data (Lint = 1.5 nb-1):
d!J /! /dy = 7.36 ±1.22 ±1.32−1.84+0.88 "b

stat. syst. syst. pol.

J/! "> e+e-: results and systematic uncertainties

Kinematics <1% 

Sources of systematic uncertainty

Luminosity normalisation
- Reference process: coincidence of 
V0 hits on both sides of the IP
(V0and)

- Measured in van der Meer scans

!
Systematics evaluation and normalisation 
of the full data set ongoing -> d#/dpT

Lint = 4 nb-1

Kinematics <1% 

Track quality, 
#clusters TPC 10%

PID cuts 10%

Signal extraction range 4%

Luminosity normalisation 10 %

Total systematic error 18 %

DIS Heavy Flavour: 2011-04-15 HF Working Group 12



M. Gagliardi : ALICE

Integrated J/! ! ! ! cross section 
in -4 < y < -2.5:
7.25 ±0.29 ±0.98−1.50

+0.87 !b

stat. syst. syst. pol.

J/! "> µ+µ" : results and systematic uncertainties

Sources of systematic uncertainty

Luminosity normalisation
- Single muon cross section   
relative to minimum-bias 
(using V0and for absolute 
normalisation)

Signal extraction 7.5 % • Obtained with Lint = 13.6 nb-1

!"

Signal extraction 7.5 %

pT and y shapes used 
in the MC

pT: +2  -1.3%,   
y: +1.4 -1.3%

Trigger efficiency 4%

Tracking efficiency 2%

Luminosity 
normalization 10 %

Total systematic 
error 13.5 %

• Obtained with Lint = 13.6 nb

• Good agreement with LHCb result 
in the same rapidity window:

• pT and  rapidity differential cross 
sections have also been measured    
(next slide)

7.65 ±0.19 ±1.10−1.27
+0.87 !b

(preliminary, ICHEP 2010)
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M. Gagliardi : ALICE

Status of J/! analysis in Pb-Pb collisions

- Analysis focuses on the muon channel
- Low luminosity (~1025 Hz/cm2) 
-> no dedicated muon trigger needed

- About 30 M minimum-bias events 
on tape

- Analysis of pt-integrated (pT>0) 

!"

First J/! "> µ+µ" signal
2.6 M minimum-bias events

- Analysis of pt-integrated (pT>0) 
nuclear modification factor
in progress

- Need p-p reference at         = 2.76 TeV
Two strategies:
- direct measurement in p-p collisions 

at 2.76 TeV  in March 2011:
34h data-taking  - 9M muon triggers

- energy interpolation
(!"#$%&''()*+),-)

s
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C. Moon : CDF
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C. Moon : CDF
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C. Moon : CDF
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C. Gerber : D0

11Cecilia E. Gerber (UIC)
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C. Gerber : D0

15Cecilia E. Gerber (UIC)
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DIS 11-15 April 2011
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A. Jung : D0

!"#$%#############################&'()###########*+,-)./+.0-1234-

&+/5363-,+7

8$/,)0+/6/-2#4.#29/#&+4:/+23/)#4.#29/#*4:#;0,+<#,2#'=>?#@0-A

Most precise DØ mass measurement (3.6 fb-1): 
mt  = 174.9 ± 0.8 (stat.) ± 1.2 (sys.+JES) GeV

 Matrix Element method (ME) calculates event probability densities 
(PD) from differential cross sections and detector resolutions:

 The Transferfunction relates the PD of 
measured set x to the partonic set y

 kJES is a global factor for the Jet Energy Scale
 Selection of l+jets events, use b-tagging to 

increase purity of the sample
 Measurement is dominated by systematic 

uncertainty

NEW, Precision!"##$%&$'()$*%+$,-"./!"##$%&$'()$*%+$,-"./
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A. Jung : D0

!"#$%&'#(#)*+,-+*.#+/',0#'*1#%+,-+*.#+2,0+3&$'4+$*+5678+9&):

Measurement uses 3.6 fb-1:
!Mt = 0.8 ± 1.8 (stat.) ± 0.8 (sys.) GeV

 Very short lifetime of the top quark, top decays before hadronization
 Allows to test CPT invariance at the quark level

NEW!"##$%&$'()$*%+$,-"./!"##$%&$'()$*%+$,-"./
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A. Jung : D0

!"#$%&'($)$*+,-.,+/$,0(-1$(+2$&,-.,+/$,3-1,4'%(5,%+,6789,:'*;

NEW

 Partons are carrying color charge, that provides additional information:

Singlet: <= → >> or Octet: ; → >>

 Choose ++ decay channel as an optimal playground: 

 Fraction of events with light jets coming from singlet W: .
?2*;@$+

 (=1 in SM) 

 Total systematic uncertainty is 0.22, statistically limited

>AB$+,C-D+$+EF,D-@-(,
D-**$D+$G
+-,+/$,>$%)

H → II,

C&2*;@$+E

.
?2*;@$+

 = 0.56 ± 0.38 (stat.+sys.) ± 0.19 (MC stat.)

!"#"$%#"&'()'*!"#"$%#"&'()'***'+,+)*-'+,+)*-

/++1JKK%(L2M9-(;K%>&K!!=!9=N"O
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Y. Okumura : ATLAS
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IJ

!$%±!& '(!)*(&+±% ,-
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!"#$%&'()*+&, -"&./
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Y. Okumura : ATLAS
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J. Caudron : CMS
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J. Caudron : CMS
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M. Fiolhais : ATLAS

t t̄ semi and dileptonic events

☞ top candidates seen in ATLAS:

semileptonic e+jets w/btag dileptonic eµ+jets w/2 btag

6 / 20
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M. Fiolhais : ATLAS

Top quark mass
3 complementary methods developed to reduce JES uncertainty on top mass
measurement.
The 1D template analysis to measure the top quark mass is based on the ratio:

R32 =
mreco

top
mreco

W
=

mjjb
mjj

(low sensitivity to JES)

e + jets µ + jets

mtop = 169.3 ± 4.0 ± 4.9 GeV

Dominant systematics

7 / 20
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M. Fiolhais : ATLAS

t t̄ + anomalous Emiss
T

No disagreement between data and SM expectation:

mT > 300 GeV (mA0 = 10 GeV), mT > 275 GeV (mA0 = 50 GeV) exclusion at 95% CL

14 / 20
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P. da Silva : CMS
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D. Tardif : ATLAS
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D. Tardif : ATLAS
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D. Klingebiel : CMS
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D. Klingebiel : CMS
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F. Badaud : D0

W’→tb : results 

5

• Couplings to first and third generation quarks taken as equal

 Pure right-handed couplings of W’

F. Badaud, DIS 2011

•  for each W’ mass, construct signal templates varying left/right-handed 
couplings  between 0 and 1 in step of 0.1

M(W’)<M(νR) : M(W’)>890 GeV/c2

M(W’)>M(νR) : M(W’)>885 GeV/c2

at 95 % C.L.
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F. Badaud : D0

W’→tb : results

6
F. Badaud, DIS 2011

at 95 % C.L.

M(W’)>916 GeV/c2M(W’)>863 GeV/c2

 Pure left-handed W’  Mixed couplings W’
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F. Badaud : D0

6

TABLE II: Summary of systematic uncertainties above 1%.

Some values vary with channel and with the time at which

the data were taken. The numbers give the range for the size

of the uncertainties.

Source t
�
t̄
�

tt̄ multijets

tt̄ cross section — 9% —

Multijets normalization — — (25–50)%

Integrated luminosity 6.1% 6.1% —

MC model — 4.3% —

Trigger efficiency ≤5% ≤5% —

pp̄ collision point 1.6% 1.6% —

Lepton identification (3–4)% (3–4)% —

Jet energy calibration (1–2)% (2–5)% —

Jet energy resolution (1–2)% (2–3)% —

Jet identification 1% (1–3)% —

FIG. 2: Distributions of (a) HT and (b) mfit for e+jets data

and (c) HT and (d) mfit for µ+jets data compared with ex-

pectations. The W/Z+jets category also includes single top

quark and diboson production. The t
�
t̄� signal is normalized

to the expected yield. The unfilled histograms in (c) and (d)

show the distributions with the best fit t
�
t̄�-production cross

section.

We first analyze the e+jets and µ+jets data separately.

Figure 2 shows the distributions of HT and mfit from

the standard model backgrounds and a 325 GeV t
� quark

signal compared to data. There is no visible excess in the

e+jets data. In the µ+jets data we observe an excess of

events over standard model expectations. We can fit the

data best with a t
�
t̄� production cross section of 3.2± 1.1

times the theoretical cross section for a t
� quark mass

of 325 GeV. The value of 1− CLb for the data gives the

probability of getting a local deviation of at least this size

from the standard model expectation in the absence of

physics beyond the standard model. We find a p value of

0.007, corresponding to 2.5 Gaussian-equivalent standard

deviations.

Figure 3 shows the resulting cross section limits com-

pared to the limits expected in the absence of t�t̄� produc-
tion and to the predicted NLO t

� pair production cross

section [21] as a function of the t
� mass. We expect to

be able to exclude t�t̄� production for t� quark masses be-

low 315 GeV in the e+jets channel and below 280 GeV

in the µ+jets channel. The observed cross section limit

allows us to exclude t
�
t̄� production for t

� quark masses

at the 95% C.L. below 295 GeV in the e+jets channel

and below 225 GeV in the µ+jets channel. Combining

e+jets and µ+jets data as shown in Fig. 4, we expect

to exclude t
�
t̄� production for t� quark mass values below

320 GeV. Based on the observed limits we can exclude

t
�
t̄� production for t� quark masses below 285 GeV at the

95% C.L. We achieve the best fit to the data with a t
�
t̄�

production cross section of 1.1±0.5 times the theoretical

cross section for a t
� quark mass of 325 GeV which gives a

p value of 0.015, corresponding to 2.2 standard deviation

from zero.

FIG. 3: Observed and expected upper limits and predicted

values for the t
�
t̄� production cross section as a function of the

mass of the t
�
quark for (a) e+jets, (b) µ+jets. The shaded

regions around the expected limit represent the ±1 and ±2

standard deviation bands.

FIG. 4: Same as Fig. 3 but for both channels combined.

In conclusion, we have searched for pair production of

a t
� quark and its antiparticle followed by their decays

into a W boson and a jet in 5.3 fb−1 of data collected by

the D0 Collaboration at the Fermilab Tevatron Collider.

We do not see a signal consistent with t
�
t̄� production,

although we observe a slight excess of events in the µ+jets

channel. If we use only the e+jets channel we can exclude

t
�
t̄� production for t� quark mass values below 295 GeV at

95% C.L. If we combine the e+jets and µ+jets channels

M(t�) ≤ 285GeV/c2 @ 95% C.L.

4th generation t’ quark : limits

• we achieve the best fit to the data  with a t’t’ production cross section 
of 1.1+/-0.5 times the theoretical cross section  for  mt’ = 325 GeV 
( 2.2 standard deviations)

13

preliminary
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D. Pagano : CMS

t

νν

l+

W 
+

b

tW 
–

b

q

q'

Introduction 
Many extensions of the Standard Model predict gauge interactions whose couplings with the top quark are enhanced. 
The resulting new particles could show up as resonances in the tt mass distribution and not in other channels. 

The search for such resonances is performed using the semi-leptonic decay of the tt pair. 

Signature and backgrounds 
Energetic and isolated muon/electron in an energetic hadronic environment with two heavy flavour jets. 

Main backgrounds: 

QCD and W plus jets can be suppressed by requiring the lepton isolation and at least three energetic jets respectively. 

Measurement of the top pair invariant mass distribution at 7 TeV and search for new physics with the CMS experiment 
Introduction 3 

SM tt production 
W bosons plus jets 
Single t quark production 
QCD!

"#$%&'!(#)#*+! ! ! ! ! ! ! ! ! ! !",-!./00!1!2'34+56!2'37!1!/89089./00!

[1] 

[1] http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_feynman_diagrams.html 

BR(t!Wb) ! 0.99 
tt semileptonic (e,µ) BR ! 0.34   

DIS Heavy Flavour: 2011-04-15 HF Working Group 38



D. Pagano : CMS
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Measurement of the top pair invariant mass distribution at 7 TeV and search for new physics with the CMS experiment 
Comparison data and MC – muon case 9 
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D. Pagano : CMS

!"#$%&'(")"*+' ' ' ' ' ' ' ' ' ' '!,-'./00'1'2&34+56'2&37'1'/89089./00'

Measurement of the top pair invariant mass distribution at 7 TeV and search for new physics with the CMS experiment 
Statistical description – limit setting on Z’ production 14 
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Observed (95% CL)
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 Expected# 1±
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Observed and expected limits are compatible within one standard deviation except for the 
1.5 TeV region where the observed limits are slightly higher than the one sigma band. 

Expected limits range  
•  30 pb (MZ! = 0.5 TeV) 
•  3 pb (MZ! > 1.5 TeV) 

DIS Heavy Flavour: 2011-04-15 HF Working Group 40



T. Lenz : ATLAS

Di-Jet Mass and Angular Distributions

• consider events with two high energy jets
recoiling back-to-back

θ*

je
t 2

je
t 1

parton parton 

y ∗ =
1

2
(y1 − y2)

=
1

2
ln

1+ |cosθ∗|
1− |cosθ∗|

Fχ =
Nevents(|y ∗| < 0.6)
Nevents(|y ∗| < 1.7)

→ bump search: invariant mass mjj
→ non-resonance: angular dist., e.g. Fχ(mjj)

• no evidence for a bump in the mjj

distribution, no any deviation in the angular
dist. (χ2-test, p-value 0.88)

⇒ exclusion limits
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T. Lenz : ATLAS

Di-Jet Exclusion Limits
observable

MX,TeV upper limit @ 95% C.L.
expected observed

excited quark q∗
mjj 2.07 2.15

Fχ(mjj) 2.12 2.64

Randall-Meade quantum black hole for n=6
mjj 3.64 3.67
Fχ(mjj) 3.49 3.78

axigluon
mjj 2.01 2.10

contact interaction Λ
Fχ(mjj) 5.72 9.51(6.7)∗

* 9.51 TeV: CLs+b, within 2σ,
6.7 TeV: Bayesian as a check

- excited quark: M > 870 GeV
(CDF, Phys.Rev. D79 112002, 2009)

- axigluon: M > 1250 GeV
(CDF, Phys.Rev. D79 112002, 2009)

- contact interaction: Λ > 2.9 TeV

(DØ, Phys.Rev.Lett. 103:191803, 2009)
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T. Lenz : ATLAS

Search with Di-Lepton + Di-Jets

• leptoquark carries lepton &
quark quantum numbers

• β = branching fraction of a
leptoquark to a charged lepton

→ ��jj, �νjj final states

• observables:

→ leptoquark (trans.) inv. mass

→ Sν
T = pT�1+Emiss

T +pTj1+pTj2

→ S�T = pT�1+pT�2+pTj1+pTj2

• upper limits @ 95% C.L.:

β M1.gen M2.gen

0.5 319 GeV 362 GeV
1.0 376 GeV 422 GeV

• DØ: Phys Lett B 671 224, 2009
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Y. Chen : CDF

t t decay channels used

!"± !

!
_

"

"#

!"+

!"-

!

!
_

Lepton + Jets, LJ Di-lepton, DIL

_

24/11-15/2011 @ DIS 2011

DIS Heavy Flavour: 2011-04-15 HF Working Group 44



Y. Chen : CDF

tt rest frame asymmetry
ytt

)0()0(
)0()0(       

       
)0()0(
)0()0(

tt
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tt
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tt
t
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t

tt
FB

yNyN
yNyN

yNyN
yNyNA

114/11-15/2011 @ DIS 2011
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Y. Chen : CDF

Afb summary, LJ
• Inclusive A in lab and tt frames in 2 sigma excess over SM

• Consistent with CP conservation 
– consistency between positive and negative lepton samples

• Att has a strong dependence  on  y, Mtt
• For Mtt > 450 GeV/c2

Attreco = 0.210±0.049,    Attparton = 0.475±0.112
AttNLO reco = 0.043±0.006 ,  AttMCFM = 0.088±0.013

254/11-15/2011 @ DIS 2011

DIS Heavy Flavour: 2011-04-15 HF Working Group 46



I. Anghel : CMS
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I. Anghel : CMS
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I. Anghel : CMS

!"#$%&'$()#*+%#,-$#*

source of systematic positive shift in AC negative shift in AC
jet energy scale 0.017 -

jet energy resolution 0.007 -0.006
Q2 scale 0.003 -0.007

ISR/FSR 0.005 -0.0006
matching threshold 0.004 -0.006

PDF 0.004 -0.011
b tagging 0.007 -

lepton efficiency 0.017 -0.018
QCD model 0.005 -0.005

overall ±0.026
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