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A few years later ...
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Progress Report

How have we done
over the last decade???

Selected Results:

This cannot possibly be a comprehensive summary



GM-VFNS PREDICTION VS. CDF1II [1.,2]
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[1] CDF, PRD71(2005)032001
[2] CDF, PRD75(2007)012010

B.A. Kniehl (Hamburg University) D and B hadroproduction

GM-VFNS
-Reduces to MS-bar
- No “parameters”
- Good agreement

w/ C&B
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Bernd Kniehl
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Nikolai Zotov

B-quark, B-jet, &
quarkonia production at the LHC
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Figure 2: The transverse momentum distributions of muons arising from the semileptonic
decays of beauty quarks. The first column shows the LZ numerical results while the second
one depicts the CASCADE predictions. Notation of all histograms is the same as in Fig. 2.

The experimental data are from CMS.

KT Factorization

Un-integrated PDFs shown for Beauty
CASCADE code

Sample comparison

w/ CMS data




New
Theoretical
Developments



Christian Pascaud

New scheme: HQ in DIS

Parton momemtum fractions
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The role of the
gquark masses



Constraints on PDFs from HERA Charm Data

Ringaile Placakyte

Impact of mc on W ¢ at LHC
Inclusive ep data + F,* —~—

for different HQ schemes
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Juan Rojo

FONLL General-Mass scheme
Impact of HQs on PDFs

f HQs on LHC phenomen

Dependence on m.

PDFs in FFN sch|
Sum

Impact of HQ Masses on PDFs and
LHC Phenomenology
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@ The W/Z cross sections increase with the m. used in the PDF fit
Om. IS an intrinsic parametric uncertainty of the theory

@ At 7 TeV, variations in range mc € [1.4,1.7] GeV at most < 1-sigma shift

NNPDF2.1 - LHC 14 TeV - Charm mass variations

bbar -> H production, NNPDF2.1, m,=4.75 GeV
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@ At 14 TeV somewhat larger effects

@ With the m. varying NNPDF2.1 sets — Compute exact PDF+m. uncertainty

At NLO pole and MSbar defitions equivalent
At NNLO theo uncertainties reduced using MSbar mass in GM-VFN structure functions

(Alekhin and Moch, arXiv:1011.5790)

O @] = =

oy o,
v)Q (¥

23 /32



Sergey Alekhin

In nice agreement with the new HERA data

N3LO corrections?
o H1 and ZEUS
Q

c-quark production
The NNLO(approx.) FFNS ABM predictions based on the running mass definition are

Impact of running quark mass for DIS

m_(m_)=1.18+0.06 GeV (incl.F, +PDG)

The HERA data prefer m (m )
close to the PDG value

Improved accuracy due to
correlation between quark and
gluon PDFs must be reduced

No need for the VFN scheme

At Q >> m,_ first Mellin NNLO moments are

known Ablinger at al. NPB 844, 26 (2011)

Bierenbaum, Blimlein, Klein NPB 829, 417 (2009)
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On to higher orders ...



Marco Guzzi

Results for £ (z, Q?) at NLO/NNLO - Preliminary

NNLO contributions to HF in S-ACOT Scheme

AT NNLO and @ ~ m..
LH PDFs Q=2 GeV, m,=1.414 GeV
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Marco Guzzi (SMU) DIS2011 Newport News, 04/13/2011
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Nikolaos Kidonakis Resummed NNLO

tt cross section at the Tevatron

_ - 12
pp ->tt at Tevatron $"21.96 TeV  o=m pp->tt at LHC S =7TeV
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NNLO approx: 7.8% enhancement over NLO

used MSTW 2008 NNLO pdf

N. Kidonakis, DIS 2011, Newport News, Virginia, April 2011 9



Fabian Wissbrock

3-loop Corrections for F2CC

Beispiel-Diagramm Dg7,

The case of two different masses

Dgry = CaTf
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Figure: Further diagrams
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Still some work to do



Andreas Jung

@DConclusions

D* prod at low Q2

» Full HT HERA Il data sample analyzed for low Q*D* production:

» Increased phase space inn and p,

» HVQDIS describes data quite reasonable
» /M calculation fails to describe x (and y)
» The final word on D* in DIS from HERAII
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D* production in deep-inelastic scattering at low Q? 15



Karol Kovarik

v+HQ prod. in pp & pA

LHC (CMS)
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Progress Report

How have we done
over the last decade???

Impressive progress!!!!!!II!!



HFL session summary part 1
1) Open c and b production
2) Quarkonia production
3) c and b spectroscopy

April 15" 2011, DIS 2011, Newport News, VA, USA
Olaf Behnke (DESY)



Open heavy flavour production diagrams
HERA yp and DIS

LHC, TEVATRON pp
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Subtle topic: correct treatment of heavy flavour masses in pQCP

Q?~m 2 Q*>>m?

Massive HQ Massless Sea quark like ¢,b

How fo make properly the fransition from left to right picture
is a longstanding problem

27



Open heavy flavour calculation programs
State ef the art

ep photoproduction

ep DIS

PP

FMNR: Massive NLO

HVQDIS: Massive NLO

MC@NLO, POWHEG:
Massive NLO+PS

GM-VFNS, FONLL.:
Mixed/improved massive-massless
NLO schemes
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Beauty photoproductlon at HERA vs pt1(b)
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D* productlon in ATLAS vs p1(D*)
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d’c,/dp dy [pb/GeV]

Beauty jets in ATLAS and CMS vs pT

Arantxa Ruiz Martinez (ISU)

10" i
2 JLdt: 30ph" Pythia MC0@ (x0.52) | *0-0=ll<03 in
10 Ve=7Tev ~— 7 FOWHEG T -
10" —a— 00 <yl <0.3(x10%) |4yl
F —m— 03 <y <08 (x10% il’lﬂ"t._ I —'1."..,,.+_-_11
100 e —— DB <ly| < 1.2 {x107) S
—x 12|y <21 - - =0
10° b g 7Y m02<y| <08 ]
: =i 12
10 = pt=— |_+L 7 ]
7 - T T i - _ 1
107 B v - === T = SRR
el l_¥_1 ______ - ]
10°F  m e — —0
¥ === N :IE!'-'l 12 ]
5 - i 'fl ]
10 — el e =t 4,, i 12
10° = A P S T
. = i |.=!_—_.| 'il_tl__*_‘__+_': :ll-- + "'1
1{: IH*'\-I fr=—mp==mg q- :D
107 = =g [y gaopi<at ]
e = T 12
10 - I ]
ATLAS Preliminary ety u _! 1 : N
| l——*— Stat. error ! : ._.'1,1..,4'_,.1___;_ 1
[ ] Stat + syst. eror S . T Eoped
-1[]-1 1 11 1 I 1 11 1 I 11 11 I 1 11 1 I -D

IIIIIIII I
0 20 100 150 200 250

100 200
Jetp_[GeV]

Eled / OW

b-jet d®c/dp_dy (pb/GeV)

I

-
I
-

Y "o
TTTITHT TTITTAT T TITOA] T T TO0EN T OO0 T 1100

Alexander Schmidt
s CMS preliminary, 60 nb"  \s=7TeV
% "« Iyl <0.5(x125) |
0.5 < Iyl < 1 (x25) 7
« 1<lyl<1.5(x5) %
15=zlyl<2

—t

==k ==h
=tk
(] D*.. DI'_-'I

= — MC@NLO
1oL [7exp. uncertainty

102": Anti-k. FLUEPF |
20 3040 100 200

b-jet P, (GeV)

~reasonable description, MC@NLO Overshoots CMS data

at high pt


mailto:MC@NLO

BB angular correlations at CMS  ARizzi
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103 e — — 0
= = _ g A = - o
- e : WE 5 o .
_ = Data (pi™ =56 GeV) =4 3 | i e = — il =
102 °© Data (pi™ =84 GeV) =2 = 0.5F T ]
=« Data(p]™ =120 GeV) 3 o =
- PYTHIA : R e B, - E
B s | Mormalisation region & 1= - . R0
10 2 05F B
S S T T T T T T N T N T N N T T IO T s o e et (i ﬂ_ i | | ' [ T T B T T T o, Rtk e o o e
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3
Ad A

~gluon splitting dominates, description by calculations not perfect



ALICE: c/b — single-j1 cross section in p-p

Chiara Bianchin

£ F w—HF, pp @“/s=7 TeV

$ | MUON triggered data

ALICE forward muon ET&”"Il -4<11€-2.5

spectrometer N — data
B FONLL prediction
L
10° — -

E ¥ ¥
O =
= v -
k4 e e - %‘1
T 10° = ALICE Preliminary =
o Trgger r, 10% prror ep crosgpsectionpotingleded L, R
, chambers 2 2.5 3 4.5 4 4.5 5 5.5 6 6.5
Magnat Filter p: [Eﬂ‘l"ﬂ]

FONLL in agreement with the data, analysis will be
extended soon to larger pt



D cross sections at LHCb 1 imine znane

D”H: c. cross-section

- :
3 LHCb N5=7 TeV LHCb,\5=7 TeV Covering
2o " forward
10 "
| oo vl rapidities
=mmwPAE ot g :E::H;;_I 2<y<5

LHEb N 5-? TE-".-'
3.0<y=35

== HCh Praliminary
e, P B A[ L R LR

=g LHCE Fraliminary
— P:,llhlaul_H':l: (TRl 1]

----E_;Hn-lm
] Al
eyelee gl ol

2 3

"'-EAK at al

LH'Cb.\'E;T TE"'.-"
4.0<y<4.5 Data:

12%0 correlated error not shown

506 7 8
11T[Gﬂ“u’f'c]

—i— L HCh Fraliminary

— Fythia(LHCh tune) Shadow: Uncertainty from MC et al.
====BAK ol

BAK et al.: B. A. Kniehl, G. Kramer,
6 |. Schienbein, H. Spiesberger

p, [GeVic] MC et al.: M. Cacciari, S. Frixione,

M. Mangano, P. Nason, G. Ridolfi.

Good/reasonable description by the various calculations




The future of open ¢ and b production:
LHC measurements can easily further
add statistics & extend the kinematic

phasespace: higher pt, rapidities,
correlation measurements, etc.
but how much can the theory still
Improve? Scale uncertainties are
selzable



Quarkonia production

* (Quarkonia production at a
hadron collider is not

theoretically settled.

» Most models fail to

simultaneously explain
experimental measurements

of both cross section and
polarization.



Prompt J/Psi cross sections at CMS

P. Ronchese

O | | T rerrr T A RN I B AL B UL L O _h'I'"I""I""I"""""""
<10 ~—CMSdata § S ICE ~CMSdata 3 = 10°EM — CMS data
E 3 A 3 Eg
4 f — PYTHIA & —pma ] & [T — PYTHIA
AR —CASCADE] £ 1op % —CASCADE] £ mp % — CASCADE
P X cem 1 = 0w CEM 1 = F CEM
1 "'-.,..." . '|:-'|_ % . L= B .
m] - , . . - B , z i =
0 SEENSUEREES I 3 SR NNESUNETES I3 SR NSCSUMEET
w ] W I E | o :
6 ! N | $ |
10 = E x 1077 i : < 1077 ¥, -
m ] m Ty, . o
10k CMS,J5=7 TeV " 102 CMSJ5=T TeV T 102 CMSE=T7TeV =
E = E = E i, 3
" L=34nb"’ E " L=314nb" ] - L=314nb’
1:|-3||||||||||||||||||||||||||||| 1:|-3||||||||||||||||||||||||||||| 1|:|-3|||||||||||||||||||||||||||||
0 B 10 1% 20 25 320 0 ] it 15 20 25 30 0 ] 0 15 20 26 X
n¥ (Gevic) p;'” (GeVie) p;'” (GeVic)

@ Calculations include contributions from heavier states
decays (yc , ¥(25))

Cross section exceeding expectations in the forward region at low pT



do(pp— Y (1S)X)/dy (nb)

Upsilon(1s) cross sections at LHCb and CMS

120;

100

80"

60

20}

40}

—a— LHCBH dala (p_<15 Gavic
—a— CMS 3 pb' (p <30 GeVic

LHCE
Preliminary
] Ve= T TeV

JL 32.4 pb '

it

DUIU51152253354455

y of Y(1S)

do(pp»I(15)X)/dp_dy [nb/{GeV/c)]

10

il

[ —&— CNS3pbd (¥l
CNE 3 pb " {1<y|<2)
& LHEb Data (2.0<y<4.5)

Nice continuation of cross sections

1 i I
1 4 LHChb
| ES Preliminary
14— \s =7 TeV
' Jl‘ ‘-L= 324 pb’
.*I
; 1 :
] i .l 4 e i |
o 10 13 20 23 30

p, of 1(1S) (GeVic)

J. Anderson, U. Kerzel

Good agreement of CMS cross sections at large pt

with NRQCD (not shown)




J/psi photoproduction cross sections at HERA
. ZEUS A. Bertolin

—
=
.

Awaiting comparisons with

daly p — Jiy X)idzdp,? (nbiGeV?)
=

) ]
N ! Theory (NRQCD, kT)
10 .
. ]
| 04<=z<0.3, x1E+4
1 ; |
1 03 <z<0.45 x 1E+3
Al
10 i !
: 1 0.45<2<0.6, x 1E+2
2| g ! P
10 F * ZEUS (prel.) 468 pb i
3 - ™ H1165pb” | 0.6<z<0.75 x1E+1
10 = = QcD k, factorisation I
of ] 0.75<z<09,x1E+D
10 .

P2 (GeV?)



Quarkonia Polarisation YR

1o ! Y(15) T -1
08f (a) E ld_ulrﬂz CDF Preliminary, 2.9 fb
3 E 0.8( * Dzero1 3
04 s CDFData 0.6F

- MNEQCD - =

- uz_._,,—kfgtm"mm_ O |
oz2b TtYT——— | : o e 8
0.2f
0.6} E : -
o08f T Jhp—f -0-4_+ ; 4:— l _}_ ‘
-1 L A . M| PRI T BT S T T M 'DE:— 'l_' '
1 5 10 15 20 25 30 0 B:_
pT I:GEv.I'E} -1 u : ] 1 1
Yas o » Yo 40 20 30 40
[YSS] 'I.D: CDF Preliminary, 2.9 th-1 pT[GeWc]
08
0.6 . :
04 CDF and D@ results largely inconsistent
021 A} | _ _ _
0.0 g4+ HgF — Different rapidity regions

b [ » CDF: |y|<0.6 D@: |y|<1.8

06 - ’

08 W Y(1S) Inclusive

-‘]_U' ril | S L T il Sy (el (B R i | TR S

10 20 30 40 i
b, [GeV/c] Heather Kay Gerberich

Experimental and theoretical puzzles still to be understood



Greel

1 - predicted masses [PRD72,054026{2005)]

Black - already known states

Blue

- recently discovered, compliant with qq

Red - recently discovered, noncompliant with qq
Magenta - unknown guantum numbers viamen
4.5 ntem) YI2)
B NeBF] ;s % ) 2l 4360
B - L P —
B 8 I_—MF— vipsiy e 14 EI4 60
Hu i “___:H:I'A'[* ] — e
— -
::; 4: __".':-‘": .‘_:‘“.::llg'l:ﬁ — L I TR
(9 UD* threshold e — (10 < 110
u Iy] threshc-p (337D L [
= — —_ h {1 .
.5 zo!1F
B w18}
i ._
- J7C T T 1ot 273 1T TR
[ 28+9, 1ga 3e 1p 3p 3p 3o 10 30 30 3

Charmonium
spectroscopy
A. Rakitin



Exotic
charmonium-like
states

Tetraquark:
four tightly bound quarks

Molecular state:
two loosely bound mesons

Hybrid: states with
excited gluonic degrees of freedom

Hadrocharmonium: charmonium state,
‘coated” by excited light-hadron matter

n

J7¢ forbidden for charmonium
Exotics signature: Extremely narrow width for a state above DD
Non-zero charge, strangeness



X(3872) at LHCb Michel De Cian

e . b 198THTE :
X(3872) SELECTION 3 el b2imra

1200

1008F :

%Hi.

|

Summary of De Cian: MKWy 7 ) [MeVic')

« Showed mass measurements for By, By, B., B., Ay and X (3872).

» World best measurements for By, B4, B and Ay, after one year of data
taking.

« 2011 will bring us the {1, precise measurements of the X (3872), and
maybe some tetraquarks.



Expectations for the h; and hj(2P) masses
Y{LICZ0)

Y(10860)

11.00F

10.75

10.50

1025 |

Mass (GeV/c?)
3

w
|
L% |

9.50 -

illlllllt

Bottomonium
family

(0.1.2)** (1.23)"
1 2

Search for the hy
family



hp(1p) and hp(2p) results from BeIIeL

eo Piillonen

Use the missing-mass technique to find A; and h;(2P)

40000

30000 |

Events / 5 MeV/c®

20000 |

10000 |

| Preliminary

Y(15)

Y(25)

|

h (2P}

BELLE

Y{(35})

. !
10.4

MM{x*n), GeV/ic®

Yield, 107 Mass, MeV /e~ Signif.

T(1S) | 1052 £58 +3.0 945942 £053 4+ 1.02 182¢
ho(1P) | | 50.4 + 7.8T2%  0808.25 + 1.067 103 6.2
35 — 15 55+ 19 9973.01 200
T(25) | 1434 £ 87+ 6.8 1002225 +0.41 + 1.01 166
T(1D) 22.1 + 7.8 10166.2 4 2.4 2.4
hi(2P) | 84.4 +6.8T92  10259.76 +£ 0.647 155 12.4




Search for Y(3S) — 7'hy(1P)

FrE;:yield as a function of fixed hy(1P) mass:

ml YRR
-
.'F'I +$

Yield / 3

~ 99 995 10
m(hh) (&Wcz]

A. Rakitin m(hy(1P)) = 9902 + 4(stat.) + 1(syst.}) MeV/c*



Summarising comment from Leo Piilonen

B factories have made surprising studies of new
states in charmonia / bottomonia, but more
studies and more data are needed to reveal

their true nature.



D-meson spectroscopy — new states found at BABAR

(300 G. Cibinetto
o Poy(2.83) g o
-~ /(2,82 ' e
& o f282) . o276 -
~ D(2750) <
% z’a.[m} P
Q 260 D EE{]U ', (2.49) st 20 u;é. . :
S’ D {255[] JII 2 4 ﬂ' —r— L 22 24 26 28 M(un_s) % szcz )
ﬁ IPrE.-H] |
x ¢ — Predicted
2 2.20F » Previously Observed
Aol m This analysis Dr
LS . .
/5,188 This analysis D'x
IBO - I - I | + | i _ l |
0r 0?3 4



Further interesting results/talks in the
parallel sessions

« P. Thompson: c/b jets in DIS (good description by massive NLO
calculations)

« U. Kerzel: chic production at LHCD (problem with talk PDF file)

« U. Kerzel: quarkonium to production at LHCDb (problem with talk PDF file)
* Andrii Verbitskyi: excited charm mesons at HERA (confirm
BABAR results for D(2420) width)



T. ENGELMORE : PHENIX

Motivation for Studying Open Heavy Flavor

Why open heavy flavor?

*Heavy quarks produced early in
collision, good probe of full
evolution.

*Measurement in p+p serves as a >

baseline for heavy ion. Also helps v
us understand heavy production o Yoo
mechanisms, compare to NLO. &=

*In heavy ion understand heavy -
flavor thermalization, energy loss. ot

*Help to interpret charmonium
suppression/recombination effects

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



T. ENGELMORE : PHENIX

Motivation for Studying Open Heavy Flavor

High prt heavy quarks probe jet
quenching, lower pt heavy quarks
probe collective flow.

Jet quenching quantified by:

dN%g _ dNfp
(Tap)y x doliy — (Neous * dN{y

Rap =

Elliptic flow quantified by vz, where:

d’N
depdpr

= No(1 + 2us(pr) cos(26))
Single particle measurements provide
yields, Raa and v2 values.

Correlations probe heavy flavor jet
structure modified by medium

o 18— A A A e ma e

Cog(a)  0-10% central — Armesto et al. (1)

[ vanHeesetal. (Il)
3/(2xT) Moore &
12/(21T) Teaney (Il

st T -

04— - o s
02 R L PR SRR L P
AutAu @ 5, = 200 GeV -‘wﬂ-m... !
w 02— 1 + + +
E2
s - b Hj o R
I u 70V, p >2GeVic|

045 minimum bias |

o &Ry et viF

PHTENIX

7 8
pr[Gevic]

DIS HEAVY FLAVOUR: 2011-04-15

HF Working Group



T. ENGELMORE : PHENIX

e - U Correlations in p+p and d+Au

e-u Opposite - Like Sign Pairs, Background Subtracted

PHENIX preliminary
200 GeV

Y =200 GeV prpand do

wirad systemti arror e S (aAu), 13.5% (prp)
e with p.>0.5, Iy < 0.3

W wnhp'nn 1d4<r <2w (d+Au)
deuteror!direction

W with p > 10,14 < In[< 24 (prp)

p+p acceptance scaled

dN/dAg (rad™
o
5
8

1

NN,

—++
-

f

—++

N

—

T SRR BEI
1 2

DIS HEAVY FLAVOUR: 2011-04-15

[ IR R
3 4

4¢ (radians)

«Signal: opposite sign e-y pairs with
A = 1. Product of back-to-back
charm pairs produced via gluon fusion
and higher order processes.

*Pure signal, few sources of physics
background
* No contribution from Drell-Yan,
thermal production, resonance de-
cays.
« Like-sign subtraction removes com-
binatoric background, e-p pairs from
dijets.

* Measurement in p+p proves method,
found consistent with predicted NLO
charm jet shape.

» d+Au measurement shows suppres-
sion/decorrelation relative to p+p.

HF Working Group



X.LI:STAR

B Meson is Suppressed in 200GeV Au+Au Collisions isiT\R

1,
1

<
&< Phys. Rev. Lett. 105 (2010) 202301
Phys. Rev. Lett. 105 (2010) 202301 0 0.9
arXiv:1007.1200
-~ - iv. 0.8 o REHENIX (010 %)
S [ ® e-hecorrelation 07 ~--CL 90 %
+, 1 0 eD’correlation "
@ [ —FONLL 0.6~
Z T __FONLL uncertainty
"}.0.9 S
[ e 0.5 ..
4 N - I b
0.6 E")_}’ — ;‘" ; 0.4
0.2
[ - p+p@200GeV .
A_HI\\H\[I\I\‘IHI‘\HI‘\I\I'HH\IHlHI\lI\H 0 °T1-“d!2 0{3 0.|4 0[5 0!5‘6.‘7 018 0]9901

pT (GeVIc) AA

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

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

9

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



X.LI:STAR

Broadened Away S|de in the NPE and Hadron Correlahonsi I‘

& [T g o T -
% E ] % I B Systematic errorf om'v.
- 0.3:— wnm 5204/ 11 ar = 2 a4k
4 r euz«:n.nm T i 7 2indf 4339711 ',-
'Ug.25:— S E % PO 15.07=1.55 :
Fog —PYTHA |:; T R T
- f ; i ER
045 + E 2 ;
%LW |\ ‘H‘
E B 1
0.05) T ‘L
i + e-h in d+Au"3

T T T
® d+Au FTPC-Au 0-20% (preliminary)

E .

2 [ % AusAuo-5% di-hadron

g 2l Result indicates the broadening of

o the awayside peak in both di-hadron
g 1 and e-h correlation in Au+Au central
= collisions

: TrlggerpY 4= GGeVIc §
1 Py 0~ 4GeVic

0 2 T4 ”
A¢ (radians)

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



X.LI:STAR

D* reconstruction in p+p 200GeV

[}
€ 200001 STAR Preliminary

3 18000
16000 |~
14000
12000~
10000~ 2<p, (Knm) <5 GeVle
80001 /'f —— right sign
GO0 F e wrong sign
4000 §
1 — side band
2000 [
N
2 n
§ 1000 STAR Preliminary — rightsign
o F ’l ......... wrong sign
s 1 — side band
l
600~ | ek
y " il
400 by i

B 3 1
200 ',/e"’

i
bl

P, (Knm) > 5 Gelle

I L L L L L
0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.175

M(Knr)-M(Kn) (GeV/c?)

DIS HEAVY FLAVOUR: 2011-04-15

+2
Q 18
0 46

14

E IR
o.e++ poTy

06
04
02} STAR Preliminary
0 PR E— 5 0 12
p, (GeVic)

No significant charge
asymmetry is observed

D*+ — D%+ (BR = 68%)
K-7t
More than 4 signal at low p; and

very significant at high p; - mostly from
EMC-based high neutral energy triggers.

Both wrong sign and side-band methods

reproduce background well. 14

HF Working Group



K. LEE : PHENIX

Y in d+Au

31.6 T ]
&k R n8dAu/Run6pp 1
14:* \/7 200GeV Y(15+28+3S) - W'y, lyl € [1. 2221
1.2 y>0: d(Deuteron) going side —]
C ‘ y<0: Au(Gold) going side ]
1* -
0.8— =
na + E
0.4/ i
[ £ 11% Global Uncertainty 7
oz Y e ]
E, ‘ PH-“ENIX Prellmlnary ]
03 2 4 0 1 y

-2.2<y<-1.2 1.2<y<2.2

x~0.2 x~0.01

O— ()

» Shows suppression at low x region 1

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



K. LEE : PHENIX

Y (or rather: high mass di-leptons) R, in A+A

9
S 10° F* PHENIX prelimi Z..f imi
z E oo Au+Au .FV',%L?LL":.'&’ %0.012:— ] ““ PHENIX preliminary
- |
10° - o e rew & [ |
£ 0 0 e'e mixed 0.008 | \v‘
o :3;,. r H i
0L a \
E 3%7:23__&$ ‘T‘ o.oos:] 1“
g ey o2l
l - a00zfr .
" | | | | | | | \"11'“ (Y | | [ S I 1
1074 5 6 7 8 9 10 11 12 % 02 04 06 08 1 12 14 16 18
m,. (GeVic?) Rya, for m,, € [8.5,11.5] in (GeV/c?)
-0.35<y<0.35 Rauau [8.5,11.5] < 0.64 at 90% C.L.

* Derived a 90% C.L. for high-mass dileptons R,,

14
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K. LEE : PHENIX

JJWRuA VS N, in A+A

r
New 2007 data pa
More comparisons are shown at arXiv:1103.6269
3 T T T T T T T T s C T T T T T T T A
o4 m 2004 Au+Au, |y]<0.35, global sys. =+ 12% 14 & < X1 0, |
© 2007 AutAu, 12<ly|<22, global sys. =+ 9.2% m 200%Ausiy; DS, WibalemsEdd
124 —— Gluon saturation® |y|<0.35 12 ® 2007 Au+Au, 1.2<ly|<2.2, global sys. =£9.2% —]

=+=e= Gluon saturation® 1.2<|y|<2.2
* Arbitrary normalization to Au+Au data

To e laa el

L1

[==}

02 3
g2 14 £ E
E\ 14 5 E
8% 1'2‘ global sys. =+ 10.7% H E
= E
5

&

Ratio R,y

Sl bbb o b b b b b e s

0.8 =
0.6 =
04 P g g ‘ y 5
50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
P NDa"
Color Glass Condensate(CGC) Shadowing/Nuclear absorption/Initial
Arbitrary normalization by mid rapidity state parton energy loss
13
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M. CERVANTES : STAR

Upsilon + Hadron Correlations

* 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,, arXi\ﬁ$89%6].géy&tiw—ex] 19 Jul

2008)

* 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”.

April 12, 2011

. Ap =
Deep Inelastic Scz

measuremrent

= hadron

irection (Ad = 0)

Kraan: £ py of the
hadrons in a cone of
radius R around the Y

Analysis method: Ap - correlation
A$ = 0 ~ near-side

Ab = 7 ~ away-side

Friday, April 15, 2011

DIS HEAVY FLAVOUR: 2011-04-15

HF Working Group




M. CERVANTES : STAR

Ap - correlation (*RAW): Data vs.
PYTHIA

Run 8 d+Au data (Ieft Run 9 p+p data
Upsilon + Hadron A¢ - correlation | Upsilon + Hadron A¢ - correlation |
38 ERN
2 | gl Rmedianow g Run 9 pep 200 GeV: Raw 36 - corraition in Data
9 3 PYTHIA p+p 200 GeV ®14f
z ]
" 2 " af PYTHIA pep 200 GeV: 36 - correlation in Simulation
2 b
¢ 08
1.5 F
f 06
1
04
= .
0.5) 02
oty 0 1 2 3 4 L] 0 1 2 E I
20 0
' 1M U+AU udld, LOITreIduurt 1s> rnue Siyrincarit reiduve

to the underlying-event.

* In p+p data, PYTHIA has a similar underlying-
event.
«  *RAW: A¢ - correlation is not corrected for
April e,ﬂiiciency andp aﬁzﬂemaiﬂﬁ‘ewporl News, Virginia 13

Friday, April 15, 2011
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M. GAGLIARDI : ALICE

‘ Jhp —> ete: results and systematic uncertainties

Luminosity normalisation

- Reference process: coincidence of
VO hits on both sides of the IP
(VOand)

- Measured in van der Meer scans

Sources of systematic uncertainty

Kinematics <1%
Track quality,

#clusters TPC 10%
PID cuts 10%
Signal extraction range 4%

Luminosity normalisation | 10 %

Total systematic error 18 %

Inclusive J/p cross section in lyl < 0.88

Using best calibrated subset of
data (L., = 1.5 nb’!):

int

do,,, /dy = 7.36 +1.22 +1.32-1.84+0.88 ub

ol !

stat. syst. syst. pol.

t

dN/dpdy (arb. units) ==
>

8 10

p, (GeV/c)
Systematics evaluation and normalisation
of the full data set ongoing -> dc)/deJ

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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M. GAGLIARDI : ALICE

‘ JAp —> ptu : results and systematic uncertainties

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

normalisation)

Sources of systematic uncertainty|

Signal extraction 75 %
prand y shapes used pr +2 -1.3%,
in the MC y:+1.4-13%
Trigger efficiency 4%
Tracking efficiency 2%
Lumm(')sn)./ 10 %
normalization

Total systematic 135 %
error

DIS HEAVY FLAVOUR: 2011-04-15

Integrated J/y cross section
in-4<y<-2.5:
~1.50
7.25 +0.29 +0.98 +0.87 Mb
ol l

stat.  syst. syst. pol.

* Obtained with L, = 13.6 nb™!

* Good agreement with LHCD result
in the same rapidity window:

1.27
7.65 £0.19 1.10 "</ . g7 pb
(preliminary, ICHEP 2010)

* pr and rapidity differential cross
sections have also been measured
(next slide)

HF Working Group
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M. GAGLIARDI : ALICE

| Status of JAp analysis in Pb-Pb collisions

~ o - Analysis focuses on the muon channel
§ 1L — Signal+ backgroud . .
o - - Low luminosity (~1025 Hz/cm?)
F — Signal only . .
3 om0 dedicated muon trigger needed
:v: vas=smmzomeeaie’ | - About 30 M minimum-bias events
@2 [ 82+ 20 Mevic
Eie ———— | ontape
Fad: 1nDoF = 10

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

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

25 3 35 4 45 at2.76 TeV in March 2011:
Dimuon invariant mass GeVIc]  34h data-taking - 9M muon triggers

. e

First J/_ Y —>uu signal - energy interpolation

2.6 M minimum-bias events . 17

(arXiV:1103.2394)

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



C. MOON : CDF

Top quark charge

® [epton + jets events with two b tags

m Use kinematic fit in to choose best combination of W*b and Wb

® Flavor tag b jets using soft leptons or jet charge

® Compare probabilities for Q=+2/3 vs. -4/3 solutions

CDF Run Il preliminary L = 5.6 fb™ - CDF Run Il preliminary L=5.6 fb”
e s
180 W W+HF 2"E
5
160 [EMistag §
L [[single Top g
140~ W iboson H
E Caco 3

@ 120¢ Ot events s

“q:'; 100;, * Data g

> e -

8o XM like 2 O
6°i 0 ?lS ; 15
o0 = Compare to MC trials
2 . .

oF ®  Consistent with SM at 13% CL
0 .
A0 05 00 05 10 m Exclude Q=-4/3 @95% CL
Q(W) * Q(b-jet) Q @
DIS 2011 (April 14) Chang-Seong Moon, Seoul National University
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C. MOON : CDF

W boson polarization in top decay

[— left-handed

-+ longitudinal
right-handed

|— sum ($31)

\ 4
~- —
b\V A I
Spin=1/2 ", - -0. 0 0.5 1

= The SM top decays via EW interaction: Br(t—bW)~100%
« Top decays as a bare quark = spin info transferred lo, final states
= V-A coupling in the SM = F,=BR(t—> Wob)zmz 0%, F ~30%, F,~0%
« longitudinal fraction f, ~70%
« left-handed fraction [ ~30%
« right-handed fraction f, ~0%
= The SM prediction modified in various new physics models
= W polarization fractions are sensitive to non-SM tWb couplings

w  Use cos0* : Angle between lepton (down-type quark) in W rest frame and the
momentum of the W in the top-quark rest frame

DIS 2011 (April 14) Chang-Seong Moon, Seoul National University 17
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C. MOON : CDF

» Simultaneous measurement:
o f,=0.88 +0.11 (stat) +0.06 (sys)
o f.=-0.15 £0.07 (stat) 20.06 (syst)
s Correlation coefficient of -0.59

» As measured central values are unphysical
use Feldman Cousins (FC) method to obtain

confidence level intervals

» Model dependent measurements:
® f,=0.70 £0.07 (stat) 20.04 (syst)
constraining f,=0.0
o f.=-0.01 £0.02 (stat) #0.05 (syst)
constraining f,=0.7

Result from lepton+jets events |

.\L,g \sn\.{a
g '

\I
¥

0
J)xL X

CDF Run Il Preliminary (2.7 |b')

—68.27% CL

0.5

0 05 1
f

FC Contours include
stat+syst uncertainties

Published for PRL publication

Upper limit at 95% CL : f,<0.12 FERMILAB-PUB-10-041-E,

DIS 2011 (April 14) Chang-Seong Moon, Seoul National University
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Phys. Rev. Lett. 105, 042002 (2010)
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C. GERBER : DO

Dilepton Results

ured by simultaneously fitting the b- af +(-; 00, L-5.4 16"

[C1ZBCKG: 13

tagging NN discriminant and maximizing ol B DIB0SONS: 3

a binned likelihood function over all
is channels

Most precise dilepton

result to-date

L_ITY
« DATA:74

[] 5 10
betagging NN discriminant

DO, L=5.4 fb
2 BCKa: 67
I DIBOSONS: 5

£ 1 (© DO Lsat’

g150¢ f [z Bcka: 30

vt I DIBOSONS: ©
[0 FAKE BOKG: 23

.02
© DATA: 281

o 5 10
b-tagging NN discriminant

DO, L=5.4 b
[CJzBcKG: 41
B DIBOSONS: 21
[ FAKE BCKG: 25

.52
+ DATA: 150
eplj
4+

o 5 10
b-tagging NN discriminant

Dilepton and 1+jets Combination

m Lepton + Jets and Dilepton disjoint

samples are combined

m [argest uncertainties are luminosity,

b-tagging and signal modeling.

DIS 11-15 April 2011

DIS HEAVY FLAVOUR: 2011-04-15

ilia E. Gerber (UIC)
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C. GERBER : DO

»ptimized to maximize sensitivity DO54fb"
[168% C.L.
N 90% C.L.
[ 95% C.L.

to tgb (tb treated as background).
(2D) posterior probability density as a
function of tgb and tb x-sections

= Sensitive to new p!
tqb cross section extracted from a 1D
Measured Peak

[}
SM

-
Four generation

postetior obtained by integrating over

the tb axis )

t-channel cross seciton [pb]

= no assumptions on the s-cha 1 x-sec or [2] EPJ C49: 791, 2007

5 [3] PRD 63: 014018, 2001
the s:t relative rate. 4] PRL 99: 191802, 2007

(5] PRL m‘z: 092002, 2‘009 |1;=n,44 ‘5"
CLOSS Section (pPh)) 1 2 3 4 5
. s-channel cross section [pb]
t channel (tgb) s channel (tb)
2804057061  131+0.77-0.74 =20, 1% Syseciates
Dominant s ) )

[ ]
|
*
[1] PRD 74: 114012, 2006 O Tup-flnvnrm
]
A
v

2.90£0.59 0.98+0.62-0.63

2.53+0.58-0.57  0.65+0.51-0.50

DIS 11-15 April 2011 Cecilia E. Gerber (UIC)
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A.JUNG : DO

Mass of the Top Quark=rv.re

= Matrix Element method (ME) calculates event probability densities
(PD) from differen’riol cross sections and detector resolutions:

P(xz,my) = /Zda (y,my) dgrdqs f(q1) f(q2) W (y, z, kigs)
77t LO ME PDFs Transferfunction
» The Transferfunction relates the PD of @ 106

measured set x to the partonic sety — x’
s k _.is a global factor for the Jet Energy Scale 1.04

JES
» Selection of I+jets events, use b-tagging to
increase purity of the sample
* Measurement is dominated by systematic
uncertainty

1.05F

1.03
1.02F N
1.01F 7 N
1
0.99

1 1
0'9?70 172 174 176 178 180 182

—» Most precise D@ mass measurement (3.6 fo): m, GeV

m, = 174.9 + 0.8 (stat.) + 1.2 (sys.+JES) GeV |

E A. Jung Measurement of the Properties of the Top Quark at D@ 4

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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A.JUNG : DO

Mass of the Top Quark

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

S (a) - D@36 S Y ‘DO361b
8180- (a) LU edets - 81807(.b)2 T 1

‘S-’_ ..... et Prellmmatl*yl ~ = f.rehmlnary
T R R ‘ CrlaERRIN
175 FSARIE N o 175 Ll TN
B gob o ::::\:P@DH:::.

R Do~ - . B0 Odfo o

e A\ nOSEOs ) - ] S Nsmgoe s -

170 NIRRTz DD IYRIZE T
470 175180 170 175 180
M, (GeV) M, (GeV)

—» Measurement uses 3.6 fb':
[AM,=0.8 +1.8 (stat) + 0.8 (sys) GeV__ |

E A. Jung Measurement of the Properties of the Top Quark at D@

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group



A.JUNG : DO

Colorflow in tt events

¢ Parfons are carrying color charge, that provides additional information:
» Singlet: H® — bb or Octet: g — bb
» Choose tt decay channel as an optimal playground:

W —qq = THh ~
(singlet) ] / ] 3

)|

e

b-jet (octet), color e :
connected Aunsy
to the beam

1= =l

1
18 (5 i &

n
(=1in SM)

s Fraction of events with light jets coming from singlet W: fSinglet
s Total systematic uncertainty is 0.22, statistically limited

= 0.56 + 0.38 (stat.+sys.) + 0.19 (MC stat.) |
http://arxiv.org/abs/1101.0648

14

o

E A. Jung Measurement of the Properties of the Top Quark at D@

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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Y. OKUMURA : ATLAS

Cross section estimation 1-lepton with b-tag

« Systematic uncertainties: Total=11%

— Jet reconstruction (Energy Scale) 1 6%
— Heavy flavor fraction in W+jets 7%
— B-tagging efficiency 7%
— Initial & Final state radiation :4%

» Cross section estimation

|18610 *21/,, +6 pb |

* Statistical error, * Systematic error, * Luminosity uncertainty

— 004 /0 =13%

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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Y. OKUMURA : ATLAS

Cross section estimation 2-lepton with b-tag

 Selection criteria
— Require at least 1 b-jet
loosen other selections
» B-tagging algorithm with
respect to transverse impact
parameter are used.

» Systematic Uncertainty
— B-tagging efficiency
— Jet reconstruction

7%
5%

b I AL AR AN RN RARE RARE AR MR

&g Prelmnay o date

= P

5 1 _[L-sspu =
12

10

B [GeV]

(17122 *21/ .7/ ; pb |

Statistical error, Systematic error, Luminosity uncertainty

(SO'tt'/O't{ =17%

* In agreement with pre-tag results

« Large fraction of ¢f signal

20 40 60 80 100 120 140 160 180

Events /12 GeV'

20 40 60 501001201401‘50

8 ATLAS channel e+e |
Preliminary * date
gy Cltbar
frossos =i

Ef*°[GeV]
2 Ty
818 amas channel ex
8 Prolmbay o daw
] Casoyt  [1ttbar
§14- .""35‘* Wsingiotop |
-+ movets |
diboson
10F 1 fake foptons |
o [ uncertainty |
o
P
o+
] L
200 400 600 800 1000 1200
Hr [GeV]

DIS HEAVY FLAVOUR: 2011-04-15
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J. CAUDRON : CMS

Dileptonic: results 1/2

Niet =1 Nt =2
A L. Source efe” fptp~ e*pF ete 4ptpm eFpt
Systematic uncertainties : Tepton selection T91/130 111 1917130 111
. . Energy scale [ 30 —5.5 3.8 2.8 ]
" For SIgn?invs;enls(i)te"chg;\tc{r.\: zgjries are uncorrelated, Lepton selection model L 40 0 40 L0 ]
the channels are 100% (anti)correlated) ) Branching ratio 17 17 17 17
Decay model 2.0 2.0 2.0 2.0
= For backgrounds: Event (0" scale 23 -17
- extracted from the data-driven methods Top-quark mass -29 -1o0 26 15
- assigned conservatively from the MC simulation Jetand Er model -30 -10 3.2 0.4
Shower model 10 33 —0.7 —0.7
= For luminosity uncertainty: 4% Pileup -20 -20 08 0.8
Subtotal (before tags) 11.2/111 13.1 8.0/7.9 6.2
b tagging (> 1b tag) 5.0 5.0
Subtotal with tags 9.5/9.4 8.0
TLuminosity 4 4 4 4
Final state ete” whpo edu®
At least two jets, no b-tagging requirement .
Events in data 2 28 60 Results:
All backgrounds 55+23 9.5+43 6.7+2.0 : :
Crosssection,pb  [89 152 10008 1594451916 Teiomiinig] O Orosssectionsare obtained
At least two jets, at least one b-jet 2 jets 1 b-tag: more precise than
i;fgtsltn d‘“"d 231 4 N 32;2 o N 0111 . without b-tag for the ee and pp
ackgrounds g . .
Cross section, pb 15046 12256 18644542557 1562311356 clr':anne:s (but not for the e
One jet, no b-tagging requirement channel)
Events in data 8 10 18 1i . ;
jet no b-tags: less precise but
All backgrounds 21407 71443 49415 : f
Cross section, pb  [PB2L 135 145511 TP L 119116553 3065 La558] MmProves the combined result
April 14" 2011 - DIS 2011 Julien Caudron, UCLouvain (CP3) 8/11
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J. CAUDRON : CMS

Combination

Combining the results, using the BLUE technique:
= dileptonic : 168 + 18 (stat) + 14 (syst) = 7 (lumi) pb
= semi-leptonic : 150 + 9 (stat) + 17 (syst) £ 6 (lumi) pb

- 04(CMS) =
158 * 10 (unc.) 15 (cor.) £ 6 (lumi) pb

where unc. : statistical uncertainties + background modelling in
the dileptonic analysis
cor.: all the other uncertainties

This result is consistent with the theoretical tt
cross section at approximate NNLO :

G, (HATHOR)= 164 ' (scale) '3 (pdf) pb

o, (Kidonakis)= 1637 (scale)’3 (pdf) pb

CMS Preliminary \ s=7 TeV

CMS combined (prel.)

TOP-11-001 (uncz cor. +

CMS I+jets+btag (prel.)

TOP-10-003

CMS dilepton (prel.)
TOP-10-005

CMS I+jets (prel.)
TOP-10-002

ATLAS combined (prel.)

ATLAS-CONF-2011-040

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) unc.

value £ stat + syst. + lum. error
(uminosty)

158+£10+); + 6

lum.) (36 pb”)

150+ 9417 + 6
(36 pb)

168+ 18+ 13 + 7
(36pb”)

173+ 14430 + 7
(36pb”)

§
)
)
z
z
%
2
=3
o
<

- 5
180+ 9+ + 6
35pb7)

150 200 250 300

Top Pair Production Cross Section [pb]

and more precise than the NLO theory uncertainty 0 % 10
April 14" 2011 - DIS 2011
DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group

Julien Caudron, UCLouvain (CP3) 1011
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M. FIOLHAIS: ATLAS

tt semi and dileptonic events

1= top candidates seen in ATLAS:

semileptonic e+jets w/btag
CATLAS

1R EXPERIMENT l

dileptonic eu+jets w/2 btag
-

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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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:
mteco mip
— top __ T v T
Raz = oyt = 71 (Iow sensitivity to JES) 5 s amaniay "~ v
w v/l > | ] Best Fit background
§ 25~ J—L =35pb" Best Fit tf + background
Oy T -0 e @ Mg, = 1738467 GeV
N [ [y m,,, = 160 GeV s F N 20 o -
2 012 Cmg=170GeV © @ 0.12] §
g me-180GeV 1 &
2 o =m:=1mcav{ 2 15~ | 4
3 r d 13
S 008 4 & o008 1 10 e
g 3 ATLASPreiminary | @ ATLASPreliminary |
§ oot No=7Tovsmiaon § £ \s=7 TovSimuiation | oL L vl
004 e+ jets W+ jets
r 2 3 4 5 6 7
R
1 15 2 25 3 35 4 45 5 0| 15 2 25 3 35 4 45 5 4 . .
Ry Ry 3 ATLAS Preliminary * \s=7TeVdata
S esf s Best Fit background
— )
Miop = 169.3 £ 4.0 £4.9 GeV § a0 jL-:spb‘ Best Fit ff + background.
. . Uncertainty [GeV] w My, = 166.7+ 5.0 GeV.
Dominant systematics Electron channel | Muon channel = H 7
Statistical uncertainty 6.7 5.0 20~ ' e
TSR and FSR (signal only) 22 26 5 ) B
Jet energy scale (+10) plus 5% for close by jets 23 L9
b-jet energy scale (+2.5%) 25 2.5 10 * s |
Total systematic uncertainty 4 5.0 5 meleel
4 4
4 5 6 7
R
7120

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group 28



M. FIOLHAIS: ATLAS

tt + anomalous E!Mss

@ No disagreement between data and SM expectation:

>
3 S Preliminary N4 E80 Gov
o Dna 355

& aco
3
g
2
5
2
@

0 150 200 250 300 350 400

my [GeV]

3 -
& o ATLASPreliminary N4, m>120GoV
g Data (3550
2 8 acp
8 7
T’I:g 6}
2
4 s

4

3

2

1 |

80 100 120 140 160 180 200 220 240
ET* [GeV]

Source Yield
Single-Lepton 17/W | 84+ 1.6
Dilepton 7 7.6+20
Z+jets 04+0.1
Dibosons 02+ <01
Single Top 04+0.1
QCD 02+06
Total Background | 17.2 + 2.6
Data 17
Systematics Relative Error
Dilepton 17, Single Top. Dibosons. Z+jets
Cross Section 5%
Dilepton Veto 15%
Jet Energy Scale & Resolution 1%
Luminosity 34%
Lepton ID 3%
Monte Carlo Statistics 1%
Toul 75% (.1 evens)
Single Lepton Backgrounds
Spread in S(mr) 5%
Nomalization 10%
b-Tag Veto 3%
QCD Shape 1%
Total 18% (1.6 events)
QcD
Normalization i Control Regions 100%
Muon Statistics 0.6 events
Total [ O6evens

@ mr > 300 GeV (my, = 10 GeV), mr > 275 GeV (ma, = 50 GeV) exclusion at 95% CL

DIS HEAVY FLAVOUR: 2011-04-15

14/20

HF Working Group
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P. DA SILVA : CMS

Conclusions

e First top quark mass measurement Mass :'.I'h!TOP:‘J ark
; in the dilepton channel
which was not performed at the DO PRL S0 2063 (1998)
Tevatron X
—— CDF PRD 73, 112006 (2006)
[—— }
. . CDF PRD 73, 112006 (2006)
e The dilepton channel is used

-+ Lower background contamination ==
—— CDF PRL 100, 062005 (2008)
-+ Underconstrained system = CDF PRL 102, 152001 (2009)
[ DO PRD 80, 092006 (2009)
= CDF Submitted (2009)
e Two different template-based methods == CDF PRL 81, 031102 (2010)
N == DO Unpublished (2010)
compared: KINb and AMWT = CDF Unpublished (2010)
= Similar uncertainties (stat. and syst.) (s al chamne rN: _ CMS preliminary 2010
expected in both cases
-+ Use of b-tagging information and 140 150 160 170 180 190 2
combination of fits improves resolution my,, (GeVic)
Measurement is the outcome of the first L
year of data taking/analysis in CMS [ All details in CMS-PAS-TOP10-006 ]

Pedro Silva DIS 2011

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group 30



D. TARDIF: ATLAS

t-channel Results ]
ey

e Combine e+, then separate into +/- charge W oy flavor
samples to improve sensitivity . O taane
e Performance of the cut-based and likelihood - utirs

A . A h Data
analyses is very similar, use cut-based as baseline

e Cross-section/limit extraction based on profile likelihood ratio
e Find o, = 53*77 (stat)*3? (syst) pb [1.60 obs 1.90 exp]
o Translates to o, < 182 pb @ 95% CL

o Dominant uncertainties: jet energy scale, b-tagging, W+jets
normalization

ATLAS Preliminary @\ s=7TeV

J.L=35w'

T T T
g; ATLAS Preliminary @\s=7TeV |
_[L: 35pb

-log likelihood

likelihood

cut-based

Number of events
Number of events

ELC
ATLAS Preliminary |~
\s=7TeV, L= 35 pb”
©,, cut-based E

Lepton flavour and charge Lepton flavour and charge - 25 5 35 4 45 7
O/Ggy

o
nf

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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D. TARDIF: ATLAS

Combined Wt-channel Result

Total of 9 orthogonal final states (e/u+2/3/4 jets, ee/epy/pp+1 jet)

e Set limits using profile
likelihood ratio:

-log likelihood

 959% CL Upper Limit  Expected Observed

Lepton+jets 123 pb 198 pb E|

i ATLAS Prelimi E
Dilepton 112 pb 110 pb o Tev"f;m;"sazb,‘ ]
Combined 94 pb 158 pb Gy, combined E

! L L
6 8 10 12 14

e Expected (observed) limit on o, corresponds to 6.3
(10.5) times the SM expectation
e Dominant sources of uncertainty
o Lepton+jets: jet energy scale, b-tagging
o Dilepton: jet energy scale, initial/final state radiation

modeling
o Signal statistics also quite important for both analyses
DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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D. KLINGEBIEL : CMS

' BDT Analysis

Events

37 we[l—model!ed input variables |r1 5 categories: i Earle Sl

— Kinematics of final-state objects
— Correlations of final-state objects
— Properties of reconstructed W, t, t+q ‘ Evaluate ‘ ‘ Training ‘ ‘ Testing ‘
— Angular distributions of |,j wrt W,t,t+q

— Global event properties

Performed Kolmogorov-Smirnov-Test on W-enriched control sample for each
variable: obtained good description of all input variables

CMS Preliminary, 36 pb™,\s = 7 TeV. CMS Prellmmary 36 Pb \f 7 TeV
T T T T . T

=
7 Mt ehannel electron channel

[Js channel
Ow

50 o data
Mt channel

s channel
Ow

O

EWbb
WWcz

muon channel

Events

40

30 mwe
mW+ight jets
W2tets

mw
20 cacp

[ERTIRTTRE FRRRY FRUATE FRRTY FRRTE RRRRY ATY

100

S

120 140 160 80 100 120 140 160 180 2
Pl (GeV) P (G

eV)

. R

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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D. KLINGEBIEL : CMS

' Conclusion

CMS Preliminary, 36 pb',N's = 7 TeV t-channel single top quark production
R B B e B AARRnass -

o T —T T
< 70 electron + muon3 & [ @ cwsProimnay ss9pm' 1
> 3 W ATLAS Preliminary, 35.3 pb”
w60 E ° 1RE v osen E
50 _E F A coRazn’ E
40 3 i
3 10 E NLO QCD (5 flavour scheme) E
30 = F e theory uncertainty (scale & PDF) E
E Canpoal Frdurs,aton, Tomoniane, 468 10 Gooso42 |
20 E ]
E 1L NLO+NNLL i
10 — F s theory uncertainty (scale  PDF) E
3 F Kdonai, k1103275201 ept] E
- | L L L L
07 080604-02 0 0.2 0.4 0608 1 2 4 ) 8 10
BDT output
\'s [TeV]

o = 83.6 + 29.8(stat. + syst.) £ 3.3(lumi.) pb
Observed significance: 3.5¢ (BDT) and 3.7¢ (2D)

« First measurement of single top quark t-channel production at 7 TeVv
» First measurement of single top quark t-channel without MVA
» Consistent with Standard Model
* 36% precision with 2010 data

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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F. BADAUD: DO

W’—tb : results

® Couplings to first and third generation quarks taken as equal

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

Pure right-handed couplings of W’ |

= 6

2 F® DO 2.3 b

£ 5 —o— Observed limit
T F --@- Expected limit
g 4 —— W’ (a"=0, aR=1)
- L P =
o .

M(W*)>M(vg) : M(W?’)>885 GeV/c?
M(W*)<M(vg) : M(W?’)>890 GeV/c?

1 1 | 1 1 1 1
at 95 % C.L. %00 650 700 750 800 850 900 950 1000
M(W’) [GeV]
F.Badaud, DIS 201 |

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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F. BADAUD : DO

W’ —tb : results

| Pure left-handed W’ |

= 5 = 6
S45(a) D@ 2.3 fb! & [ DO 2.3 fb!
2 4 —@— Observed limit ) SE —8— Observed limit
lL 355 - Expected limit T --®- Expected limit
£ 3 —F— W @=1, ak=0) s BT W’ (a"=1, a®=1)
© 2.5t # o 3C
2 E
2F »
1t
L Il 1 1 1 Il P S ass ZAEE
600”650 700 750”500 850900 950 1000 %00 650 700 750 800 850 900 950 1000

M(W’) [GeV]

| Mixed couplings W’

M(W’) [GeV]

M(W’)>863 GeV/c2  M(W’)>916 GeV/c?

DIS HEAVY FLAVOUR: 2011-04-15

at 95 % C.L.

F.Badaud, DIS 201 |
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F. BADAUD : DO

4th generation t’ quark : limits
2 ¢ D@, 5.3 fb"'
[= ..
S 1= preliminary
7] L
8 |
3]
107

theory

T T T

—— 95% C.L. observed

——— 95% C.L. edpected

10-2 wwwwww 1 WL L L L
200 250 300 350 400 450 500
t' mass [GeV]

M(t') < 285GeV/c? @ 95% C.L.

* 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 my = 325 GeV
(2.2 standard deviations)

13
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D. PAGANO : CMS

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

Introduction
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 ff mass distribution and not in other channels.

The search for such resonances is performed using the semi-leptonic dercay of the tf pair.

o
<

BR(t—Wh) = 0.9
s T {f semileptonic (e,u) BR = 0.34

<l
~3
=

Signature and backgrounds

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

SM ff production

W bosons plus jets
Single t quark production
QCD

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

Main backgrounds:

(1] it hvww-d0 el govIRun2Physisloplop_pubic_web_ pagesiop. feynman_diagrams il

Davide Pagano DIS 2011 — Newport News — 04/14/2011
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D. PAGANO : CMS

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

case

Comparison data and MC — muon
% cMs Prel‘iminary‘ s
o  30[36pbatVs=7Tev (=)
[0} u, =3 jets, = 1 b-tags m
3 =
w =
;E: =
i

T
Data

aco

21T (+ light jets)
VbbsX

Ve(eX

Wiy (+ light jets)

2'05TeV (50 pb)
2'0.75TeV (50 pb)
Z'17TeV (50 pb)

2'1.25TeV (0 pb)

ik PR | .
0%400 600 800 1000 1200 1400 1600 B0 07400 600 800 1000 1200 1400 1600 1800
my [GeV/c?] m, [GeV/c
o T T T T T T N T T T T T T 3
§ 40E-CMS Preliminary —o—Data § 18F-CMS Preliminary —e—Data E
® 36 pb™ at\'s =7 TeV [Jaco 'y 36 pbat\Vs =7 TeV [Jaco 3
G 35Fy,=4jets, = 1btag I 21 (s lightfets) G 16y, = 4jets, = 2 btags [ 21T (+ light jets) 3
3 20 [0 vbbex 8 1 0 vbbex =
~ [ Vele)+Xx ~ [ Vele)+X E|
.g 25 [ Wiy (+ light jets) .g 12 [ W (+lightjets)  —]
© [ Single-Top S 1 [ Single-Top |
o 20 — 1 o q

400 600 800 1000 1200‘

avide Pagan

DIS HEAVY FLAVOUR: 2011-04-15

Z'05TeV (50 po)
2'0.75TeV (0 pb)
2'1TeV (50 pb)
2'1.25TeV (50 pb)

oo L Ll b b b i 4l

s

N
1400 1600
my [GeV.

3

ingle-Top

o T T T T T
g CMS Preliminary —e— Data
® 25[36pb'at\s=7TeV [Jaco
(5} W, = 4 jets, = 0 btags [ 21T (+ Tightets)
[ [ vebex
wn
2 20 [ Velorx
2 [ W (+ light jets)
T
o
S
[ir}

05TeV (50 pb)
7075 TeV (50 pb)
Z17TeV (50 pb)

71.25ToV (50 pb)

t

057eV (50 pb)
71075 ToV (50 pb)
71 TeV (50 pb)
71125 TeV (50 pb)

el aeese )
0 400 600 800 1000 1200 1400 1600 1800
m“[Ge

Vic?]

1 - Newport News — 04/14/2011

HF Working Group

39



D. PAGANO : CMS

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

F CMS Preliminary

Upper Limit o, x BR(Z' — tt) [pb]

——

60

50
40
30
20

80 [

70136 pb™ at\s = 7 TeV

Observed (95% CL)

Expected (95% CL)

+ 10 Expected

+ 20 Expected

Expected limits range
«~30 pb (Mz =05 TeV)
+~3pb (M, > 1.5 TeV)

2

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.

Davide Pagano DIS 2011 — Newport News — 04/14/2011
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T.LENZ: ATLAS

Di-Jet Mass and Angular Distributions

Data

e consider events with two high energy jets 2 .

—— Fit

ir T om =TTV
recoiling back-to-back mug iggﬁ; framsow 3
1 10 |
. yr o= 5(}’1 —y2)
* ol T 3
~ 1 In M wkatLas 77 \ 4
parton parton 21— |cosb*| L t t E
ot
£~ Neens(ly'|<06) I i
S X Nevents (|y*| < 1.7) 1000 Zoggcons\ruc?eodog\“ [GeV]
— 045
— bump search: invariant mass mj; rot;:: _ Jeseraar E
— non-resonance: angular dist., e.g. Fy(my) oo 5 g™
. ) o2sp
* no evidence for a bump in the m;; 02t
distribution, no any deviation in the angular o1s;
. 2 01 R 4 i
dist. ()x*-test, p-value 0.88) o,os?;f;;“ﬁ*ﬁﬁﬁ
= exclusion limits 2067660 1500 2000 2500 3000 3
m; [GeV]
Tatjana Lenz Bergische Universitat Wuppertal Searches for BSM physics with ATLAS 9
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T.LENZ: ATLAS

Di-Jet Exclusion Limits

. o _
observable My, TeV upper limit @ 95% C.L. g I
expected observed <10 o Perugiad 4
excited quark g* ° . —-— A ]
mjj 2.07 2.15 -
Fy(my) 2.12 2.64 10f [ra-som’ 3
Randall-Meade quantum black hole for n=6 10k ]
mjj 3.64 3.67 L ]
Fr(my) 3.49 3.78 . —
- [ ATLA 5
) 2.01 axigluon 2.10 ° 7000 0003000
mjj . N Resonance Mass [GeV]
contact interaction A
Fy(my) 5.72 9.51(6.7)* ~
* 951 TeV: CLy,p, within 20, Ea
6.7 TeV: Bayesian as a check Bl
- excited quark: M > 870 GeV : 2‘;.
(CDF, Phys.Rev. D79 112002, 2009) P atLas
[ PEe—

/e 95% L Quantle

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

- contact interaction: A > 2.9 TeV B

(D@, Phys.Rev.Lett. 103:191803, 2009)

Tatjana Lenz Bergische Universitat Wuppertal
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T.LENZ: ATLAS

Search with Di-Lepton + Di-Jets

a 9 q

o leptoquark carries lepton &
quark quantum numbers

e f = branching fraction of a
leptoquark to a charged lepton

— 00jj, Lvjj final states

e observables:

leptoquark (trans.) inv. mass 2nd generation

NN

_VI_ _ pTh‘f'E%HSS-FPTh"‘pTJZ T 1 . o
) , 2 ; T o0oF §
Sé/r = PTh7LPT1V/2JFPTJ1JFPTJ2 g ost $ ATLAS
L. L] Preliminary
e upper limits @ 95% C.L.: & i
,B ‘ Ml.gen ‘ M2Agen _[Lm=35pb‘
0.5 | 319 GeV | 362 GeV ol Ep)
— i + vjj (Obs) 3
].O 376 G‘?V 422 GeV ::;(1::.7") E|
E s CMS (34pbY) 3
® D@: Phys Lett B 671 224, 2009 860550506 550406 480 500 BB0
Tatjana Lenz Bergische Universitit Wuppertal Searches for BSM physics with ATLAS = M, [G4V]
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Y. CHEN : CDF

‘ t t decay channels used

Lepton + Jets, LJ
/% b

o |

-

?

4/11-15/2011
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Di-lepton, DIL
b
/* \
g '
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Y. CHEN : CDF

‘ tt rest frame asymmetry  (§)
Ay, |

i Ny >0)-N(ay <0)
O N(Ay > 0)+ N(Ay < 0)

_ N(y/ >0)=N(y, <0)
Ny >0)+N(y/ <0)

4/11-15/2011 @ DIS 2011 11
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Y. CHEN : CDF

‘ Ap, summary, LJ

* Inclusive 4 in lab and tt frames in 2 sigma excess over SM

» Consistent with CP conservation

— consistency between positive and negative lepton samples

* A"has a strong dependence on Ay, M,
» For M, > 450 GeV/c?
4",.,=0.210£0.049, 4, ., =0.47520.112

A% 0 oo = 0.04320.006 , A%y, = 0.08850.013

4/11-15/2011 @ DIS 2011 25
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. ANGHEL : CMS

Charge Asymmetry

® The charge asymmetry provides the possibility to search for the unknown top quark production

mechanisms
® Sources of asymmetry: new particles decaying to ¢¢ with different vector and axial couplings,

q t q t
interference with SM processes z
G
q t q t

- top (anti-top) quarks preferably emitted in quark (anti-quark) direction

® The asymmetry appears only for asymmetric initial states - at LHC, the asymmetric initial
states like 44 are still possible, with the anti-quark coming from the sea quarks, but these

events have a much smaller probability

® Proton-antiproton (Tevatron) - quark (anti-quark)  teyatron

top. LHC top.
are mainly from proton (antiproton). anti-top anti-top

- the measured forward-backward asymmetry

n n
x(q) ~ x(anti-q) x(q) >> x(anti-q)
3

shows 2-3 0 deviation from the SM prediction

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group 47



[. ANGHEL : CMS

Uncorrected Ac

electron+jets channel muon+jets channel
£ [cMSPreliminary | "+ data £ [cwMSPreliminary | "+ data
19 [36 pbTat\s =7 TeV [ [ig ] 19 36 pbat\s = 7 TeV Wi
° 40%*']9‘5 [single top] ° r uets [single top|
[ A¢=0.028:0.048 Bzeets 1 40-A%°=0.007+0.049 Wz+ets ]
30 Ew+jets ] r l AW+jets
[ \ Jacp ] [Jacp
2 | i wl 1
10 | E
4

-2 0

! !
- m-m]
® By combining the electron+jets and muon-+jets channels: Ac"®c=0.018+0.034(stat)
® The measured value may be distorted by several effects:

- the amount of background . When subtracted, Acbkg-subtr=0,035x0.070(stat)

- smearing: reconstructed |17t\ - |7]{| does not directly correspond to true value

- lepton efficiency

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group 48



[. ANGHEL : CMS

Systematics Results

® Only systematics influencing the direction of the reconstructed top quark momenta can change
the charge asymmetry value.

® Systematics are evaluated by drawing pseudo-experiments from systematically shifted

templates
source of systematic | positive shiftin 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

A:=0.060£0.134(stat)*0-028 , . (syst)

DIS HEAVY FLAVOUR: 2011-04-15 HF Working Group
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