


top2011

e After top2006 (Coimbra), top2008
(Elba), top2010 (Brugge), the first
workshop with LHC results from
top physics !!

* Today the Tevatron closes, we
should pay a tribute to this great
accelerator (28 years of physics,
10 fb-1 collected) !!

Tevatron

LHC



The Machines Catastini

B «<—Tevatron
VS =1.96TeV g =
3 decades of Physics ! ,,.fw:.-.

Tevatron ©~

ip source_  Main Injector - LHC

The Future !

Will discuss results fro:
e ) Colliders
* 4 Experiments




What about the machine that
took the baton from Tevatron ?



Total Integrated Luminosity [fo

Fratina

Accumulating data
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Day in 2011 Day in 2011

® More than 3 fb-! of data recorded so far

® Great achievement of all detectors, as well as
trigger, monitoring, calibration and
reconstruction software
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RECORD FILL!

CMS Pagel Fill : 2105 Run: 176309 Wed 14-09-2011 16:16:57 UTC

Fill 2105 (Sept. 14, 2011)

)

Duration: 16.5 hours

Delivered: 117.4 pb-!
Recorded: 113.4 pb-!

Data Taking Etficiency: 96.6%

2.6 times the CMS recorded luminosity for 2010

~ Same as Tevatron Run [!

Approximately 18,000 top pairs produced during this

fll!
CASTOR N ON JLumi Rec|l/nb]  105882.09
TRG
A
DQM
Shift Leader in P5: 77705 SCAL
HFLUMI

UNIVERSITY OF
@NOTRE DAME



LHC schedule
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[ Technical Stop [§] Injectors - proton physics T T

[ ]Recommisssoning with beam
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Special runs (TOTEM etc.) to be scheduled ~ EI LHC Delivered
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5 more weeks of running
300 - 400 pb-!' / week
— up to ~ 5 fb'l in 20' I 19102 14103 11/04 08105 06/06 04/07 01/08 29/08 26/09

Date in 2011
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PILEUP

20 reconstructed
‘/vertices 2
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ATLAS Online \s=7TeV
) LHC Delivered

Unprescaled single-lepton
triggers no longer possible

Future strategies being
discussed

Peak Interactions/BX

Tracker isolation much less
dependent 28/02 28103 27/04 26/05 24/06 23107 21/08 19108

Day in 2011
Number of Pileup Interactions

Future: may veto by requiring Increasing over Time
consistency with primary vertex

Pileup jets not b-tagged. b-
tagging fake-rate calibrations
not robust unless pileup jets

removed. Garberson




45 ATLAS Online Luminosily  \s=7Tev
4~ [ e Deliversa
ATLAS Reco
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yrated Luminosity [fb )

uViS: observable 28202 28/03 27104 217.'05 2‘6.‘0é ZG'O:I'D:fviYI:azD?‘{OS
® [uminosity measurement: /n f nb: number of colliding bunches
L :M f: machine revolution frequency
b-v1s Ovis: visible cross-section
""" T~ needs calibration
® Absolute scale determined from a beam separation scan (also
called van der Meer scan):
PO 0'25_' L L L L e T
a | . ATLAS Preliminary ] _ Ny ]}nlng — external LHC
2 oz2f FAY . L= AT S measurement of
L $o % wHom:imss TXTY the charge product
2\1 0.15:— . ll".. -
i& 0.1 ‘ -
0.05~ '- 1 beam profile 3.4% uncertainty (compared
oF. et .1 parameters obtained to 3.7% total) is due to the
Tg F T ' —3 from the beam uncertainty on the absolute
U0 ey 2t 3 S€pAration scan luminosity scale
-0.2 0.1 0

— ‘0‘.1‘ — .OIZ‘.
Horizontal Beam Separation [mm] Sasa Fratina 7



MET REcO: PF vs CALE™

- 150 cms Pre'lim'inalry'20'10 ' . CMS preliminary 2010
O - data > 150 ————T————
! o —e—data
o) | DW—hev Q)
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"g 50 L_lnt = - g i
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E ]
2 ]
50 100
Calo Type I [GeV] 09 50 100
PF ¥, [GeV]

# Study of MET 1 W to e,nu events from early 2010

# PF improves MET resolution, making W's easier to distinguish
from background

# Impacts on top: QCD estimate & modeling

b UNIVERSITY OF
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Impact of the MET algorithm is sighificant
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= Measured in multijet events
= |ncluding tracker information improves

robustness against instrumental background

Sjolin
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Lannon

TRIGGER RATE PREDIC

Predicted and Observed HLT R ates

HLT_R020_MR550_vs [
HLT_Quadet70_v6 [
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M Predicted
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Accurate predicrions essential

FOI‘ optlmal plannlng_‘.

\\-"'orking on further
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Backgrounds to top production

(They are also interesting per se)



Z+jet Results Catastini

CDF Run Il Preliminary Z 'E_ 2‘1"&"‘2 et emsm
. W —— GOF Duta La 82348 E & —
Muons and electrons Combined. i ] v : —
g oL o WLO BLACKNATASHENPA :
* MidPoint algorithm with R=0.7 'g— e '-';::” .
. o - Fh... L% e+
» Hadron level jets with pr’** > 30 GeV/c 10 A\
and |yt| < 2.1 Do
* AR(ljet) > 0.7 ! ——
* Theory prediction corrected for non-
104 Dt 1)« w1 ot T lnading
pQCD effects —ar e
o » 90 Gawe, " ¢ 21
" a2 a ol " " PR
Good agreement with NLO pQCD voome e W S weee W = oW
PLB 678, 45 (2009) = oL DORunll L=104 M} == Data at particle avel - Data == PYTHIA SO
('-i 0 —MCFM NLO == HERWIG+JIMMY ~=Scale unc
> 20 b = PYTHIA QW
= 19° a:a) 9 ::- (C) Scale unc
~ Z15p=
e = -
* Jets reconstructed with midpoint I A R 5 F
algorithm with R=0.5,pT > 20 GeV T A 2 |
T Incd. inp° / ¥' o
and |n|< 2.5 ,E b T I o g I
*Measurements normalized to A o h . sk . ..,
inclusive Z XS and MCFM PrediCtion - :zngu NLO - MCFM LO . :gf&m.pvmm —ere i
20 b= — e une == Szale urc. ) = —=Scale unc
corrected for non-pQCD effects o Ey . 9 [ ; i
Z15 Zi5F ( i _—
NLO pQCD well described the data. 9 of bttt — 2.0f L=t ﬂ
2 T i I e % )
Compared to event generators, ME+PS § [ e g | -
show reasonable description of shapes g™ N . g™

H H 20 40 50 100 200 300 20 30 40 50 100 200 300
but large scale uncertainties 2 B (1% o) [GOV P, (110 [GeV]



W+c CMS Catastini

* Select events with muon pT >25GeV/c,n<2.land at least one jet pT >20GeV/c,n<2.1.

* Require at least one jet tagged with SSVHE algorithm.

* Extract W+c yield by fitting to the SSVHE discriminator with MC templates.
- Fit extends to negative tags (where SV is in “wrong direction™); helps to constrain the W+l
component.
- tt component checked in control region in data with inverted jet multiplicity cut.

g CMS prelimina
Measure the ratios: e preiminary.

< ! .

g9°5‘ 36 pb! at s =7 TeV E

R.;*=0(W'c)/ o(Wr) geop E

Rc=0(W+c)/o(W +]j & 700 > E

¢ = 0of ) o(W +]) % 70F  pmw*<cham ;

w 60F W'+light 3

Results: NL: Etop ; ;

N 8 OF  mother beke. E

R = 092+0.19 (stat.) £0.04 (syst.) £ 40f E

= - -

R, = 0.143+0.015 (stat.) = 0.024 (syst.) = E

In agreement with MCFM predictions at NLO. 205 E

10F r

Ratio || MCFM (CT10) | MmCFM (MSTWO8) [ MmcrMm (NNPDE21) 8 =

RZ 0.915700% 0.8817 002 0.902 = 0.008 0g 3
R; by 0.1181 32 0.103 £ 0.005




W+b ATLAS Catastini

A maximum likelihood fit to the SV0 mass distribution is used to
separate b-jets from c- and light-jets, and extract the flavor

90 ATLAS —e— Data 2010\ 3=7 TeV

3 .
fraction on a statistical basis. g SRl —
8 3 W+light
5 & . wlt-jot
- - . - - . i ol i
The SVO b-tagging algorithm is based on requiring a displaced soE. Egmlo top
: o ¥ \ E Other EW
secondary vertex reconstructed within a jet with a decay length 40 :
- Tay 30 [l dt =35 pb
significance > 5.85 i ~ E
108 1

* SVO mass template are modeled with MC 4 6
* Template systematics: data vs. MC in multi-jet events enriched Secondary Veriex Mass [GeV]
in light-, c-, and b-jets.

* Event fitted yield is corrected for all detector effects with MC

LO matched prediction for Wjet (including heavy flavour) from

5

ALPGEN E A Elestron Chan ATLAS
— = 'E“lo:iracn and Muan Chan Data 2010\ 5=7 TeV :
| b-tagged jet 5 .| ==nosms Ldt =35 pb”
" I il | o ':Ll:c;tfr:j.mmj P
L4 I or 2 let i (b-jot from ME and PS)
i . i * ALPGEN « AMMY
» Fit each jet bin separately for e and p T o1of v
= -
L=
NLO prediction obtained in the 5 flavor number scheme [F o I % + E
Caola et al arXiv:1107.3714] T + o 5 2%
NLO agrees within 1.5 sigma with the measurements S R e

1jet 2 jet T 142jet
19




NO CONSTANT ‘K-FACTOR’

# Corrections are small for most observables

% Compared the LO WWbb production, the

NLO corrections are not an overall change

1n normalization

LHC 7 'feV) NLO — Tevatron

-4
T

" o/dpy [16/GeV]
o

0.01 ¢

NLO —
LO e ]

0 50 100 150 200 250 7 5 s 100

150 200

Denner et al.; Bevilacqua et al.

Rikkert Frederix, Sep 26, 2011

Frederix

e [(_ﬂ*_] PP —+ W (—ruee YW =(— 5~ 7, ) bh+X
dM i, ]
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PP — WEBB/ZBHeder
WITH AMC@NLO

# Background to top pair production and pp = HW/HZ, H — bb

4 Flavor scheme calculations

# Massive b quarks =/ eb_
# No 1nitial state b quarks N et
b

# Born 1s finite: no generation

cuts are needed 7 ——

# At LO, Wbb 1s purely qq induced, while Zbb has also contributions
from gg initial states

Cross section (pb)

# Cross sections for Zbb and

. . Tevat =1.96 TeV LHC =7 TeV
Wbb are similar at LHC 7 TeV evatron /s ¢ Ve =TTe

LO NLO K factor | LO NLO K factor

[RE Frixione, Hirochi, Maltoni, Pittau €3

fwbb | 463 804 174 | 194 389 201
Torriells, arXiv:1106.6019] v

te~bb | 0.860 1.509 1.75 9.66 16.1 1.67
Rikkert Frederix, Sep 26, 2011 13
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Prompt Ws vs Ws from top
decay Maitre

0 (tF — W= + 3jets)

dp%p%

Lo (W + 3jets)

dp?pg.




The ttbar cross section

*Already a precise measurement at
LHC, precision getting better than
10%



Importance of measuring top quark pair cross-section Nadal

Cross-section measurements represent a unique test of perturbative QCD predictions.

Comparing cross-section measurements in all different channels can give constraints on
physics beyond the SM.

Ttbar is a dominant background for several new physics searches such as SUSY.

2010

CMS Preliminary \s=7 TeV

value £ Sl ¢ syst & lum error
(uriacaly
R + ' 3‘ LB T 'l Ll LA ]’ LA T ‘l Ll LB A2 | ]' R T T l' T
CMS binad | 158 + ‘1’; t"‘;’ i"; & " NLOGCD ipp) 9 Combned 176 * :E -
hﬂyg;‘: - c‘(1l3ﬂ! 2 bl " s B Approx. NNLO ipp) Vv |+jots 186 + 23 pb
o} [~ (35 pb7, Prelim.)
- , NLOGCO®B) 4 Diepton 171+ Ppb .z
CMS Ivjets+tag (prel.) 150+ 9+ 17 + 6 107 = Approx. NNLO (pf)  (0.701b", Prelim.) .= =38 =
(36 pb™') E  ucOF - :
- e D0 .
CMS dilepton (pre! ) 168418+ ,3 + 7 n 4
(36 pb™) | -
[=] N2
o - '.‘.'
CMS I+jets (prel.) o 173414425 + 7 10— P -
g (36 p5’) = - E
g = X 2010 :
CMS dilepton E 194272+ % +21 - f )
. .
Phys. Lett, B69S (2011) 424 (2pb”) ATLAS Prefiminary .
ATLAS Comhlned ‘ ,145 t 31 t ;g b 16 1 5. [ PO N T PO S T 1 PO Y L2 1 4 1 1 14 1 L g
arkiv:1012 1792 [hap-ex] (3pb7") 1 2 3 4 5 6 7 8
Theory: Langerfeld, Moch, Uwer, Phys. Rew. D80 (200G) 054009
METW2008/NNLO FOF, scale® PDR{9Y% C.L) une
’ ’ 1 \ s [TeV]
0 50 100 150 200 250 300
Top Pair Production Cross Section [pb] 3

Monday, September 26, 2011



Single Lepton Untagged

Nadal

ATLAS

0.7 fb'

» 2400 S — ———
‘qé; g jets ATLAS Preliminary - Data 2011, Vs = 7 TeV
IJ.>J 2000 IL di=0.70 o' m i W QCD Multijet

O W+Jets [l Other EW
1600

1200
800
400

u + Jets 3 Jels e + Jets
4Jets L4 Jets

.ll:
3 15

8 1.0 MQ..‘.Q“M.?‘.'%.Q.L. + N"ﬁ W ‘4.‘,? Airtn et o P.),.,wmu.a,,‘} m ﬁ‘“-‘”&.
£ ost

o 0 20 40 60 80 100

Likelihood Discriminant

Uncertainty up (pb) down(pb) wup(%) down (%)
Statistical 39 -39 2.2 -2.2
Detector simulation
Jets 32 -4.3 1.8 -24
Muon 4.1 -4.1 23 -23
Electron 2.7 -3.0 1.5 -1.7
ET™* 2.0 -1.6 1.1 -0.9
Signal model
Generator™ 54 =54 3.0 =30
Hadromzation®’ 0.9 0.9 0.5 -0.5
ISR/FSR 3.0 =23 1.7 -13
PDF*! 18 -1.8 1.0 ~-1.0
Background model
QCD shape™’ 0.7 -0.7 04 -04
W shape*! 0.9 0.9 0.5 -(1.5
- Monte Carlo statistics”? 3.2 =3.2 1.8 -1.8
Systematic 9.0 =90 50 =50
Stat. & Syst. 98 -9.8 54 -54
Luminosity 6.6 —6.6 3.7 -3.7
Total 11.8 -11.8 6.6 -6.6

This is the most precise top pair cross-section measurement so far:

o = 179.01 750 (stat + syst) + 6.6(lumi)pb

o

do

~ 6.6%

Already challenging for theoretical uncertainties!

1
Monday, September 26, 2011



Fully hadronic Nadal CMS 1fb1
The cross section is determined from an unbinned maximum likelihood fit to
the reconstructed top quark mass.
Source Relative Uncertainty (%)
- ; . B-Tagging 157
ﬂaoCMS preliminary, 1.09 fo ' at . s=7TeV Jet Energy o 135
.% | * CMS data: 1620 events Backgroun d 122
2160 ' tt simulation Qz Scale 8 7
%1 a0 ';' '.* ---- QCD estimate from data Tune 8:1
§|20 L ‘.| — combined tt and QCD ISR/FSR 56
100 | 1 ! faig = 0.2500.036 Top Quark Mass 53
ot | \\ . Parton Shower Matching 52
5 ‘a'f”/ | Jet Energy Resolution 48
/R Trigger 45
“ F \ N Pile-Up 0.6
20/ \\‘\\x__ . S Systematic 291
f0 150 200 250 300 350 400 450 500 550 Statistical 143
m,q, (GeVic) Luminosity 6.0
Total Uncertainty 33.0
e — f sig * N
= _ 5y
€ Lz’nt 60’ (y
0 = 136 4 20 (stat.) + 40 (sys.) + 8 (lumi.) pb — ~33%
29
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Brunel

UNIVERSITY

LONDUON

Q llllll]]]l]]]IIIIIIIII]Il]]]]lllllll]ll]lllllllll_‘
g 0 CMS preliminary, 1.14 fb”' § - ATLAS Preliminary All channels-
L 107 k- ee, uy, ey channels w T + =+ Data ]
10 [ N Z/y*+jets ]
[ Fake leptons | C I
10° 800~ BN Other EW ole
L Z;V?’ 7 i
10* [ 7577 ]
600 ] .
10° D B-tagged jet
10° 400" multiplicity

107 a LU LI o : : ;
- refimi 1.14 0" oy B T T PR Ty PO SR ! ]
, So00 [-CrSpretmnan. 1141 @w 470 1 2§ | ATLAS Preliminary all channels
% C B +HH, G B 2T (e y) | Number of @1000 * Data
S - - Bzyorr ] g
S5 T ! .w:,.ufoco ] ' ILdt=0.70fb O
g 1f 1500 |- e 800~ o, D1 fets
205 B ] I ~77% 77 Fake leptons -
8 o I . i W otherew
0 1000 |- ] °0
- i 400
500 =
. 200
o : =
0
0 1 2 3 =4 0 1 2 3 24

b-tagged jet multipiicity C dilepton resulis Number of jets

26th September 2011



Top-quark pair production in NLO QCD

Experimental accuracy below 10 %

Uwer
- need to go beyond NLO accuracy
Possible corrections (percent level):
Bound state Mixed weak-QCD -
QCD NNLO effects corrections finite width
4 3 1 ) /

Peter Uwer | Top pair
production at hadron colliders

| Top2011, 26.09.2011 | page
27




LHC

LHC (7TeV)

[Kidonakis, Pecjak ‘11]

NLO 160120+
Hathor / AheV et al [77] 164+3+8 m = 173 GeV
Kidonakis [14] 163%219

Ahrens et. al. [69] 156+8+8

Va N Uwer

scale pdf
uncertainty uncertainty
~5% ~5%

corrections are small (~2%)
slightly better agreement compared to Tevatron

Peter Uwer | Top pair
production at hadron colliders
| Top2011, 26.09.2011 | page
28



Top cross sections and PDF

e ttbar and t-channel single-top production are sensitive
to PDF in different ways

* Important tools to pin down the gluon PDF need a
careful study of production versus rapidity
Guffanti and Rojo, top2010

1 T T T ‘I_... 1

1 1 1 1 1 L P " AR . P | A L .
1e-05 0.0001 0.001 0.01 0.1 1e-05 0.0001 0.001 0.01 0.1
X

Correlation between ttbar cross Correlation between single top cross
section and pdf as a function of x section and pdf as a function of x




Conclusions

@ Amazing progress in the last few years in NLO computations:

@ automation Re
@ high-multiplicity, e.g. tt+ < 2 jets

@ Standard MC generators are well established and invaluable tools, but, for precision
studies, use them in association with ME generators (ME+PS), or matching with NLO
(NLO+PS).

@ with POWHEG and MC@NLO is already possible to study t¢ and single-top with NLO+PS
accuracy

@ in the last year, several processes relevant for top physics were also added

@ and likely many more to come (both NLO codes and matching algorithm are now largely
automated).

@ possible improvements:

@ simulation of top decays (NLO corrections)
@ ME+NLO+PS: getting the best of NLO+PS and ME+PS

[Hamilton-Nason, Hoeche & al., 2010]

Apologies for topics not discussed, or that | forgot to mention.



Differential cross sections

*Tevatron is leaving an important legacy
*Measurement at LHC are starting



. Differential cross section

Jung

» Correct for detector effects & finite resolution by regularized unfolding

# Entries

—_—
o
n

10

Unfolded

[:]tf

» CDFII Dala,J L=27f"

T

| PSS T (T T SN TS N T SN N NS

J

0 200 400 600 800 1000 1200
Unfolded M. [GeV/c?]

1400

do/dM_[fb/GeV/c?]

—
o

—

—
=)

0 200

| -

——— SM Expectation

- SM Uncertainties
o CDFII Data.J. L=27f"

m, =175 GeVY/c

| PR | |

400 600 800 1000 1200 1400
Unfolded M, [GeV/c?]

» Dominant systematics: JES 2-8% and at high M(t) PDF up to 18%
* Integrated cross section: ¢ = 6.9 = 1.0 (staf.+JES) pb

_» Invariant mass distribution of the 1t system is described by SM

28% of gseudo-exgeriments show Iorger deviation

E A. Jung

Top differential cross section measurements at the Tevatron

17



Boisvert

Results

T standard model tf

3 COF Il P'tvllmlmry A&‘ﬂ'a % 102
2 e Swndad Model E (5 H
s s ] -4 B Wiets and EWK b
> [ g 10
w 1 =
g . non- teskground J g 1
: 18
g 210"
& 3
S 102
o
. - e 1
o m' c[nl%e\)"'c-"] 10
! 400 600 800 1000 1200
m; [GeVi/c?]
o \ - [CJe5%CLinterval -
1ef \ [0 68% CL interval -
7 et \ — — leptophobic Z' E
= :;” \ -------- expected limit 3
1 1 \ observed limit _
N o 3
@ % ]
& O°F 3
04f E
02fF 3
00 500 00 1000 " 3200 1400 1600
m, [GeV/c

A topcolor leptophobic Z’ is excluded at 95%CL below 900 GeV/c?
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The invariant mass of the ttbar
system

*Already considerable information
coming in

*We are learning fast how to treat
boosted top



Boisvert

Results
-1
) CDF Runll 191 . 90c
L o ¢
%7 KS=42.3% % 80
(0] —e— Data (Nev=371) o -
Re [ Top o
E [ EW & Single Top E 60F
a° [ W+Light Flavor E 505_
o 1 Non-w £ : A
[ w+Charm S 40 r/M-(; 18, Me800
] w+Bottom Z 30 - —e— pseudo data
2 05 _— SMgpredictlon
10f

0.4 FQ010M(I.‘,,-IOID')

03 _"-:i Expected 56% C.L. upper imit £
- [ ] Expected 35% C.L. lower imit +15

0.2

0.1
RO |
-0.2
03 S5 BeatREin
-0.4 &

400 500 600 700 800
M [ GeV/c? ]

00 400 500 600 700 800 900 1000
tt invariant mass [GeV/c?)]

-1.5

300 400 500 600 700 800 900 1000

tf invariant mass [ GeV/c?]

r osou(m‘,,.am')

959 C.L,
—a— Observed 95% C.L_ uppunnm
e Observed 95% C.L. lower lrln'—_/

| Expected 96% C.L. upper Nmit %
"/ 7 ) Expected 95% C.L. lower limit £

400 500 600 700 800

M [ GeV/c?]

No significant indication of a massive Gluon with |A|>0.5 is observed 11



Run Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST

# - candidate
' \\ ) EXPERIMENT

semileptonic

Leptonic top

candidate qﬁ\. ﬂ.b ar
Hadronictop| | | CCInCIIdCIfe
candidate s\
6% |
event
Hadronic top
‘ candidate
Leptonic top ar resonances at the LHC JGlU

cand_idate

sjorannes GUTENBERG
UNIVERSITAT MANZ




Top tagging algorithm

* Input:
e Cambridge-Aachen R=0.8 jets
* Decomposition:
e Two splitting steps
* Requirements:
* Jet mass between 140 and 250 GeV

* Pairwise mass of the three hardest

subjets above 50 GeV

Events /5 GeV/c?

- W s 0 N
TTT

(=]
T

CMS Preliminary, 490 pb”' at\@ =7 TeV
——— e e e e P S ey

mip™ = 178.82= 5.07 GeV
min =171.36 = 4.07 GeV

[ETop
EwdJets
[Jaco
* Data
— Data fit
- =-MC fit

0 100 200 300 400 500 600

Mass of Top Jet Candidate (GeV/c?)
L. Masetti - TOP2011 workshop 27

W tagging algorithm

* Input:
* Cambridge-Aachen R=0.8 jets

* Decomposition: Masett

* Jet pruning
* Requirements: Bazterra
* Pruned jet mass between 60 and 100
GeV
* Mass drop of hardest subjet < 0.4

CMS Preliminary, 490 pb ' at\z =7 TeV
e A

Events/ 5 GeV.

20 40 60 80 100 120 140 160 180 200

Mass of W-Jet Candidate (GeV/c?) G | U
Search for ttbar resonances at the LHC

sjonannes GUTENBERG
UNIVERSITAT MaiNz



Beyond the observation of a bump

Comprehensive study of the
couplings

*Effective lagrangian approach



The LHC - Tevatron complementarity

e The Tevatron cross section depends on both Chg and ¢y, and constrains
thus a combination of these parameters.

e At the LHC, the pp -> tt total cross section mostly depends on cng and
can be directly used to constrain the allowed range for cpq

: S
total cross ervant
section
2
=
S P = N e N
& 0
\; T(4-fermion
. operator)
R
T invariant -
mass shape =
- (chromomagnetic

-4 0
L HC total cross chg X (1 TeV/A)?

section ||m|TS l&assumin no deviations

observed compared to SM predicfion)

moment operator)



Summary

Non-resonant top philic new physics can be probed using
measurements in top pair production at hadron colliders

This model-independent analysis can be performed in terms of 8 operators.
Observables depend on different combinations of only 4 parameters:

o(gg — tt),do(gg — tt)/dt < cng

Servant
U(qq e tt—) —  Chg,Cyvy
do(qq — tt)/dmy & Chg, Cyy
App < CAq

spin correlations & CrgyCvys CAv



Single top

*Legacy from the Tevatron (s channel)
*Quickly in business for the LHC



In the Standard Model there are overall 3 production modes in single top production.
Those are depicted here by the corresponding LO diagrams:

S

Motylinski

B s-channel: ~0.88 pb [ s-channel:  ~10.62 pb
[ t-channel: ~1.98 pb [ t-channel:  ~2426pb
[ wt-channel: ~0.08 pb [0 wt-channel (LO): ~60 pb

Single top cross section. Tevatron (left) and LHC (right).



Motylinski

The approx. NNLO results yield sizable corrections to the NLO results for the s—channle
and the Wt—production:

(0 =0+ Ap + APDF)

o (pb) Tevatron LHC (7 TeV) LHC (14 TeV)

s—channel  0.5237Q0F0%% o (+15%)  3.17+0.067%%) (+13%)  7.93 +0.147%% (+13%)
t—channel  1.047Q% 4 0.06 (+4%) 41.77%% 4+ 0.8(—3%) 15174 + 3 (—3%)
Wt-prod.  omitted 7.840.2795 (4+8%) 41.8 +£1.07%3 (+8%)

Numbers in blue: The enhancement wrt. fixed order NLO cross section.



2D measurements (2010) LGerber

Phys. Rev. D82, 112005 (2010) PLB 682, 363 (2010)
SD + MJ Combination
'5‘ 5 | | Bt Bl | Bl prvesE Ny | Bl Badid | Bl I"': E 3
2 i e CDF Data : - DO 2.3 b
= 45 F M= 175 GeV @ esa%cL 5 : Isl;uured Peak
s 4f 1 95.5%CL ] g y 2uFCNC
g 3 [ 997%CL | 2 Smad
” 35 ; 8 SM(NLO) ] o ¥ [V, |=02
g 3F B SM(NNNLO) A € o Top Flavor
5 : g m, =1TeV
® 25 r S 4 g Top Pion
£ E ] m.=250GeV
g 2 i ] [ Jes%c.L.
- 1.5_ -: .BO%C.L.
1E E B o5 c.L.
05 : L
E . | .LAI...‘I...-I....I....I..,‘l...‘l....l‘.;j : mt: I70 Gev
00 05 1 15 2 25 3 3. 4 4 5 cbpul‘:‘l‘2l‘ A:I,AALAAAAASAxA
s-channel Cross Section o, [pb] s-channel cross section [pb)

® Simultaneous measurements of s- and t-channel cross sections.
* No standard model cross section is assumed for either of the signals.

Cecilia E. Gerber (UIC) - TOP2011 10




It’s not clear, yet

'
’GQ_Q%SQ “ .-

45



Measurement of |V, |

¢ Use the measurement of the tb+tqb cross section to make a direct
measurement of |V, |:
— Calculate a posterior in [V, > of(tb, tgb) = |th|2 Gerber

— Measure the strength of the V-A

% of (@ DO, 5.4 b %‘ >H(b) DO, 5.4 b
c E ! c 4r
S i S [|@95%CL.
|5 | 3 2:— |
80.5- 3 1E assuming f;L=1
u E : | o m PR ST TR I W T |
05 1 13 2 %0203 06 08 1
IvV_fif v P

IV, /" 1=1.02157

arXiv:| 108.3091 submitted to Phys. Rev. D

Cecilia E. Gerber (UIC) - TOP2011 29



Conclusions and Plans
¢ Vibrant Single Top Program after 2009 observation

+ With half the available luminosity analyzed:

— New cross section measurements with precision of ~20% Gerber

— Observation of t-channel production
— Measurements and limits on Vtb

* No departures from the SM observed
¢ Going after s-channel with full dataset

— T -
8 :Dg Run" 5 SD + MJ Combination
o " s T e CDFData
3 6: ® 5.4 observed ~— 3o line S ..t me = 175 GeV ® CDF Data
- “ — E 2 B es3%CL
c .- W 54 expected 10 € b — iy
(3] 5: —— a priori projection § T 99.7% CL
!E [ meeme \lumi projection . 35 W SM(NLO)
2 Tite oo - g 3 B SM(NNNLO)
2 A e g 25
o C c
E I
E e
';‘ 2'_' 15 ¢
Q e 1k
. 0.5
B B S S ST %905 i‘1fsézl5§3fs_3 55
Lumlnoslty [fb -1] s-channel Cross Section o, [pb]

Cecilia E. Gerber (UIC) —- TOP2011



Cut
Hy

I\/Ilvb

Candidate Events

120

—h
o
o

48

Value

> 210 GeV
> 150 GeV & <190 GeV
In(light jet)] >2.0

| AN(j1.i,) | >1

1 1
ATLAS Preliminary 0.70 fo'@7TeV
2 jets 1 tag - ATLAS data
I single-top t-channel
I single-top Wt
I single-top s-channel
I top pairs
80 I W-+heavy flavour
* I W+light jets
Diboson
60 I Z+jets
I Multijets

40 t
20
0

Electron + Electron - Muon -

Lepton flavour and charge

Muon +

Wnalysis at ATLAS

ufs are optimized including systematics
=>» strong reduction of jet energy scale uncertainty

Counting experiment Wagner

Uses 2 and 3-jet channels

Separation in channels lepton charge and flavor
=>» optimize statistical power

Statistical method: profile likelihood fit

measured cross section:
O (t-ch) =90 9 (stat.) 31, (syst.) pb

Observed significance 7.6 o
(expected: 5.40)

SM: 0,=64.2+2.6 pb

Dominating syst. uncertainties:
» B-tagging: +18 /-13%
» ISR/ FSR: +14%

n»r-»



Top-antitop background and kinematic modeling

12007 gl:nbePrelel/mmary,\s=7TeV| é::,ta T 250 CMS Prellmmary, s=7TeV |® data ' |
- ee/eu/un — ] - 2.1 1b", eelep/up CJtw
1000 B2 vjets - el (A
i * I Other I 200 o =(Z)/g‘+lets il
[ | I er
e 1Lk
- =~ 150 signal events _ 2 I
Ny - =150
2600 1 S Waghner
& ] 2 |
® - o,
400 N 2100~
] .

1 jet 1 tag 2 jet 1tag 2 jet 2 tag

0 20 40 60 80 100 120 140 160 180 200

' J P+ sysiem [GeV]
Y

signal region  top-antitop sideband region
=>» simultaneous fit

(similar technique in ATLAS)

Good agreement with expected jet multiplicity distribution and kinematic distributions.

49



Limit on s-channel production

Statistical analysis: Profile likelihood

Event yield after final selection:

ne»r-»

Final Selection 3 ;
s-channel 16 £6 £ 18 ATLAS Preliminary | /
t-channel 33+ 13 2
Wit 5+3 s /Wa ner
I 1.2F
tt 111 +£47 5! g
We+jets 10 £ 8 0.6}
Wec+jets 14+ 12 o.4§—
Wbb+jets 70 + 51 0.2F-
Z+jets |+ 1 e P AP AT,
- G, (S—Channel)/O'tSM(s—channeI)
Diboson 4+ 1
Multijets 17+ 10
TOTAL Exp 285 £ 17 Observed limit @ the 95% C.L.:
S/ VB 0.98
DATA 296 O channel < 26.5 pb

SM: 0,=4.6 pb

50



Polarization and spin correlations

*We already see the polarization from
single top !

*First evidence of spin correlations at
Tevatron and LHC



Parke

single top: cos(5%,cc, 7%)

by
=)

LHC 7 TeV

[S]
n

LO

g
=)

—
n

do/dcos 6 [pb]

—
=]

.. | NLO

[Falgari et.al: arXiv:1102.5267]

BT s 3bpbNs = 7 Tev T

30 E

wish list would include * 97 - remove: - 3
ordcosfg - .

2 20f 3

[0} E a1

o 15 =

10

5

0
1 -08 06 04 02 0 02 04 06 08 1
cos 0*




Spin correlation strength

A= NTT+Nll_ NTL_NlT
N +N, +N; +N,,
t

t

q t 3§ : g t '-
7 £

e o QQA‘Q%
: A,

T I g f
Tevatron LHC
* dominated by qq annihilation * dominated by gg fusion
* tt pairs close to the threshold e tt pairs far off the threshold
* beam axis as spin quantisation axis * helicity basis as spin quantisation axis
NLO QCD: A = 0.78 NLO QCD: A = 0.32

Bernreuther, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)

* optimised “off-diagonal” basis * maximal basis

complementary between Tevatron and LHC
Top 2011

. IS
IS SOCIETY

MANCHESTER

Top Pair Spin Correlation at LHC - Christian Schwanenberger -



Schwanenberger

ATLAS-CONF-2011-117
IIIII I]]IIIIIII TrTT T TT 17T

e first measurement of spin correlation

between top and anti-top quark in dilepton 2 | D;Ieptclm channel-
final states at the LHC g 500 * data }
w Ot ATLAS Preliminary -
» azimuthal angle between charged leptons in - 1t (A=0) !
ingl ;
laboratory frame 400(- = Zc%zt;op I Ldt=0.70 fo 1“_
+0.46 | diboson [
M = 1.06 _0.34 (=1 in NLO QCD) 3ool-fakeleptons B R
+0.15 . I
Anelicity = 0.34 _g'17| (=0.32 in NLO QCD) #%}
comparison with Tevatron: /:\ A 100}
see talk by Alexander Grohsjean I -
A 00
S

— correlation agrees with SM spin 1/2 hypothesis
— exclude no spin correlation hypothesis ~30c

MANCHLTR - Top Pair Spin Correlation at LHC - Christian Schwanenberger - Top 2011 S sociiTy



W helicity in top decay

And the Wtb vertex



W helicity measurement - Tevatron combination

Deterre

@ Combine the previous measurements using the best linear unbiased estimator

(BLUE) (DO conf note 6231, CDF conf note 10622).

1

Measurement s.d. from Weight for Weight for 08—

combined values  fo (%) [+ (%) -

CDF ljets f0 1.85 45.2 —15.6 06

DO 1l+ljets fO —1.04 49.6 4.7 :

CDF I 0 —0.06 5.2 10.9 041

CDF ljets f+ —2.00 28.9 —3.8 02l
DO Tl+jets f+ 2.17 —13.2 67.8

CDF 11 f+ —0.59 —15.8 36.0 ol

CDF + DO preliminary combination
L=27-54fb"

* Combined result
* SMvalue

o CDF l+jets

. ) o CDF dilepton

1 68%and95% . a1 DO

| C.L.contours

.............................................

Boundary of allowed region

Combination result

e
L. 2

A T SR RSN RN NSNS T
0

IIIIII 11
02 04 06 08 1

fo = 0.732 £ 0.063(stat) = 0.052(syst)
f. = —0.039 + 0.034(stat) =+ 0.030(syst)

Cécile Deterre (CEA Sacla V polarization

29/09/2011 13 /18



Constraints on anomalous couplings from both W Ielicity and s

ingle-top

Deterre

@ W helicity measurement provides constraints on the ratios of the different couplings.
o Last combined limits from DO with 2.7fb™!

1.2 o R 2
v N DO Run Il Preliminary ‘_..;" DO 0.9 fb13 s"‘gle top °“|Y &:" 2 D@ Prelim Inary 0.9-2.7 fb'
1 ® Measured Peak I ® Measured Peak
C p
- L=22-27fb DGB% C.L. 1.5- I:I 68% C.L.
"°F . ot value M 90% C.L. l M o0% C.L.
- -0 )
0.6} " mmne [Ho5% C.L. M o5% C.L.
. EES.o0
0.4
0.2F
0:_ ..................................................
-0,2'_*'1 P IR S AR A P B A | 1 . '." . L —L
02 0 02 04 06 038 1 1.2 % 1 2 3 4
: P

Cécile Deterre (CEA Sacla

Results - 2.7 fb~1 (DO conf note 5838)

Scenario
Limit on |V fx|?

(Lv.LT)
< 0.19

(Lv.Rv)
< 0.72

(Lv.Rr)
< 0.20

29/09/2011

17 /18



Measuring the W helicity fractions using templates

@ Single lepton channels: Castro

m 1 1 I 1 1 1 I 1 1 1 | 1 I 1 I 1 I 1 I I | | 1 1 I I 1 1 1
S 1000 ATLAS Preliminary o— data
> 4 —— best fit
4 Ldt=0.70fb" SM exp.
800 e bkg best fit.

[Z—71 uncertainty best fit

600

400

200

IIIIII|III|III|III|I

?

-~
o
(o2}
o
»
o
i =N
o
N
o
o
N
o
i =
o
»
o
(o]
-y

Fo = 0.57 +£0.07 (stat.) + 0.09 (syst.)
Fi. = 0.35+0.04 (stat.) + 0.04 (syst.)
FrR = 0.09 4+ 0.04 (stat.) + 0.08 (syst.)

12/23



Constraints on Witb vertex

@ Considering the dependence of the angular asymmetries
with the anomalous couplings, constraints on the Wib

anomalous couplings can be set: Castro
o _ ATLAS Preliminary 68% CL ]
1__ 95% CL |
u -1 _
- J‘ Ldt=0.7010 allowed regions -
0.5 —~
oF :
0.5/ | -
- TopFit V=1, V=0 7
1 1 1 I 1 1 1 I 1 1 1 1 1 1 l 1 1 1 l 1 1 1
06 -04 02 0 02 04 06 2
-l T
Re(g,) 7 ]

[ p(Ar, A_) = 0.12] o

U/ £9



The forward backward asymmetry

| Model flood l AFB papers Newtrends
14 /
12 L
10 /
g V~
6
4
2
0
Jan-11 Feb-11 Mar-11 Apr-11 May-11 Jun-11 Jul-11 Aug-11 Sep-11




AFB at the Tevatron

Forward-Backward Top Asymmetry, %

Reconstruction Level
m; < 450 GeV
—e—
D, 5.4fb™ 7.8+4.8
[+jets
—e—
CDF, 5.3 fb™ -2.2+4.3
m; > 450 GeV
. ]
DY, 5.4fb™ 11.5+6.0
@
CDF, 5.3 fb™ 26.6+6.2
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
| | 1 1 1 | l | 1 1 I l 1 1 1 | | 1 1 | |

-10 0 10 20 30

ytop-ytbar InLa CDF Il Preliminary

60 —

Events

40}

— Data

POt

i | 2+ 10 error
[ Fake

| moY
OzZ-mw

L @wwwzizZ

dileptons

Aoy = (121 1 sta) 24y

Important to understand radiation
effects and top pair pt modeling




SKIT

Final Results o
Charge Asymmetry at the LHC

ATLAS:
B etjets: Al=-0.009+0.023(stat.)+0.032(syst.) Peiffer
B ptjets:  Al=-0.028+0.019(stat.)+0.022(syst.)

® Combined using BLUE method:
AZ=—0.024+0.016(stat.)+0.023(syst.)

CMS: T P Prdiminay T T ey
8 0.15F1.09 b at\Vs =7 TeV — data =

Ag=—0.016+0.030(stat. ) goig(syst.) g "o E

< 0.05) =

Al=—0.013+0.026(stat.) go (Syst.) o = E

0.05F =

0.1F .

-o15§— =

1111111111111111111111111111 | FEEEE R AR

Dbttt 900 100011001;00
.. [GeVicT]



No smoke, no gun: no like-sign tops

Aguilar Saavedra

General exclusion plot
MS plot 1106.2142 10’

Blekmart

CMS L, =35pb'\Ns=7TeV

1 ) 27

illllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIII:

- 10 consistent with A_,, Berger etal.

...... [ 20 consistent with A__, Bergeretal.—; i ® Ac;=[-0817]pb [1107.0841] :
Y2 Gomtined Observed Limitt +1§ 3 IE o Ac;=[-1623]pb =
500" 400" 600 800 1000 1200 1400 1600 1800 2000 = — Limit CMS 11062142 ]
m,. (GeV) R Limit ATLAS-CONF-2011-139
'1Illlll.tllllllllIlllllIIIIIIIIIIIIIIIIIIIII
Excludes model parameter region 1070170 01 02 03 04 05 06 07
: : A" (m-> 450 GeV)
consistent with o = 7.50 + 0.48 pb, FB f

high-mass Agg = 0.475+0.114 Z' coupling from 0 to Ao = 2.3 pb

What if Aeg not so large? (DO) oW > 0 excluded by ATLAS

J. A. Aguilar Saavedra (Univ. Granada)

Overview of models for the {f asymmetry TOP 2011 22/56



Rare processes

Some are standard, some are less ...



Photon Radiation in Top Pair Events (2) CDF 6.0fb™"!

A total of 30 candidate events observed

Er = 68 GeV

Wicke

I — 20 GeV

CDF Run Il Preliminary 6.0 fb™

% 20 ' '-D_até(e-:-u)' ]
HF ]
g 15 l?glgb-tag b
= 10 W) fakes y
2 = B BT
b ¢ & 5 & ke
Ey =33 GeV Hp=202GeV &

100

50
Run 193396 Event 1050006 Photon E, (GeV)

oy = 0.18 £0.08pb  SM: 0.17pb (NLO from Madgraph+K-faktor)
p-value: 0.0015 (3.00)

Daniel Wicke, Searches for rare/BSM top decays (Tevatron), Photon Radiation in Top Pair Events Top2011, 29th Sep. 2011 6



McCarn

@ Charged Higgs Search: H"— T v

» The final discriminating variable > 25 AR AR AN
. . .. o) - I ® Data 2011
of the analysis, used in the limit o | ATFASPreiminay o
i i ~ 20 B etormisid ]
setting process, is M( 7 ,MET). g o ]
In the case of the SM background, :>_|’ i b ElMotets
this is related to the W boson mass .., oiT(%0LB=01

=== H +background ]
In the case of the BSM signal, this is

related to the charged Higgs boson
mass

» Background contributions in the

det=1.03 b’

4]
M.( T ,MET) distribution are from % 50 100 150 200 250 300
data-driven methods m; [GeV]

Events From:

‘ true 7 jets | jet — 7 mis-id | e — T mis-id ‘ multi-jet || expected (sum) ‘ data

o mr>40GeV | 215 24207 | 19202 | 1225 37:7 | 43




CMS

=~ Top Quark FCNC - T—tZ

» The results are consistent with contributions from SM
processes.

McCarn

arXiv:1109.4985

» The upper limit on the cross section is calculated using a
Bayesian method with flat priors and a log-normal model for

integration over the nuisance paramatare
CMS 1141’ {s=7TeV

ro) L L L B BN BN
» Comparing the upper limit 'E% O o, o it %;‘;
on the cross section with ; L
the NLO calculated cross -3 z
sections with respect to T T
mass, a limit of - e 5% L\I > 475 GeVic? o
> 475 GeV/c?is obtained.

250 300 350 400 450 500 550
M, [GeV/c?]

31



The Top mass

Impressive precision, but what next ?



Mass of the Top Quark

(* preliminary)
167.4£11.4 103+ 49)
168.4+12.8+123+386)
1706+ 3.8 x22:31)
1740+ 3.1 x18x25)
176.1£7.4 51+53)
180.1£53 (#3938
1730+£1.2 z06x1.1)

1749+15 208%12)

July 2011

CDF-I dilefton ®
DO-1 dilepYon ®
CDF-II dilepton ———
DO-II dilepton =
CDF-I lepton+jets ®
DO-I lepton+jets
CDF-Il lepton+jets e
DO-Il lepton+jets
CDF-I alljets
CDF-Il alljets * o
CDF-II tracK ®
CDF-Il MET+Jets * ~—
Tevatron combination * -

I I I I

?86.0 +11.5 100+ 5.7)
1725+21 (£14x15)
1669+ 95 (£9.0x29)
1723+£26 (£18:18)

1732+ 09 06x08)
( stat + syst)

y2/dof =8 3/11 (68.5%)
|

150 160 170 180
m,, (GeV/c?)

190 200

[ arXiv:1107.5255v3 [hep-ex] ]

o Potamianos

IWIVZ IWil in the Tevatron combination

Analysis

my = 173.2 &+ 0.6(stat) 4 0.8(syst)
= 173.2+£0.9 GeV/c?
Combination of 12 measurements.

Uncertainty below 1 GeV/c?
for the first time!




Mass of the Top Quark

August 2011 (* preliminary)
CDF-I dilepton 167.4 +11.4 (:+103+ 4.9)
D@-| dilepton ” 168.4 +12.8(+123+ 36)
CDF-ll dilepton ~ — & 1706+ 38 (£ 22+ 31)
D@-1| dilepton 2 1740+ 3.1 (£ 184 25)
CDF-| lepton+tjets . 1761+ 7.4 (+51+53)
D@l lepton+jets T 1801453 (3939
CDF-Il lepton+jets | 1730+ 1.2 (+06+1.1)
D@-Il lepton+jets i 1749+ 15 (+08+12)
CDF-| alljets ’86.0 +11.5(£100+57)
CDF-Il alljets * B | 172,54 2.4 @ 14215)
CDF-Il track " 166.9+ 9.5 (+90+29)
e

CDF-ll MET+Jets *

Tevatron combination *

Atlas lepton+jets *

CMS lepton+jets/dilepton *

I l

l l

1723+ 26 (£18118)

1732+ 09 (:06+08)

(= stat = sys)

x*/dof = 8.3/11 (68.5%)

1750+ 2.8 (£09£27)

1734+ 33 (£19+27)

| l

Shabalina

150 160

170 180
m,, (GeV/c?)

190 200




Swabalma ‘ JET Energy Scale and top mass
0.[ T T  yox B | a8 L T T 7. Rl Bul Bad | I
E A i ! syl'nemnk: uLeume; o.-.nen.cT n a 0.12 T LA U T T T T | T
g 0.08 = Quacrafic umof l confribufons | _% T Antik, F=0.6, EM<JES, 0.3< | 1| < 0.8, Data 2010 + Monte Carlo QCD jets |
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The role of the top mass in 2012

The usual W-top plot when
the Higgs is discovered will
be seen under a different
light

Consistency with the Higgs

mass: a key test of your
Preferred Model

Need a precision
measurement of the W
mass, obviously

Are we confident about the
central value of the top mass
and its interpretation ?
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The role of the top mass in 2012

The usual W-top plot when
the Higgs is discovered will
be seen under a different
light

Consistency with the Higgs
mass: a key test of your
Preferred Model

Need a precision
measurement of the W
mass, obviously

Are we confident about the
central value of the top mass
and its interpretation ?
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Can we do better ?

W
f b
Top Quark ><

1 1 1

time — -

m I A ocp

* Colour reconnection deals only with the b jet

1.

b-jet reconstruction less sensitive to reconnection effect,
using more the “core of the jet”, less soft particles, etc. as
done for WW hadronic reconstruction at LEP ?

Make better use of the W information ?

Study the top mass as a function of pt ?



A big THANK !

 To Martine, Lluisa, Veronica,
Aurelio and the entire Barcelona
group !

* A big thank to all the speakers and
to everybody asking questions



top2012 and top2013

* top2012 will be in England in
September 2012 (exact location
and date to be defined)

* Applications for organizing
top2013 are invited (send them
before May 2012)



