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Large Hadron Collider
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Large Hadron Collider

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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CMS Detector

weight: 12500 t - R - A T
overall diameter: 15 m
overall length: 21.6 m
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( ATLAS Detector

Q Detector characteristics
Muon Detectors Electromagnetic Calorimeters ] Width: 44m
— Diameter: 22m
- Weight: 7000t
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Top Quark Production at LHC

Top Quark Pair Production
(g t 4 £ ) 1

g J Aliev, M. et al
arXiv/hep-ph:1007.1 327]

\g i 7 Y,

Single Top Production

=

4 q N
q g t g ¢

W
; W b
b
g 7 b b W
64.577071 T17apb 463 £ 007701 pb  15.74 £0.40711¢ pb
Kidonakis,N. Kidonakis, N. Kidonakis,N.

@083:091 503,2011 PRD81:054028,2010 PRD82:054018,2010 /




o]
©
c
]
°
12
c
S
S
=
S
«
Q
=
S
(6]

Jet:

| pr=61.7 GeV/c
n=138

\\\.

Muon: \\\
pr=64.4 GeV/c"._
n=0.29

Jet:

pr=135.9 GeV/c
n=0.79

Missing E;:
65.9 GeV

Jet_: pr=51.5 GeV/c
z,_— c.6;1'7 GeV/c n=-0.12

CMS

Run: 163480
Event: 81224410

Top Pair Events at LHC

Top Pair Branching Fractions

"alljets™ 46%

- N

L+jets 16%

e e+jols 15% )
"dileptons” "lepton+jets”
eun V-
o MET
b-jet — "g;—s
v
e.u

dileptons




CMS

* Trigger CATLAS

7 EXPERIMENT

— Single/double (isolated) leptons
(plus hadronic activity)

« Jets
— Anti-K; algorithm with
cone 0.4 ATLAS (0.5 CMS)
— pr> 20 ATLAS (30 CMS) GeV,
— |n| < 2.5 ATLAS (2.4 CMS)
— B-tagging (optional)
* Leptons (e, u, 1)
— with p; > 20 ATLAS (30 MS) GeyV, |
nl < 2.5

— Isolation: Calo/Track ATLAS
Particle Flow ¢Ms

* Missing transverse energy
— optional mg,




=~ Compact Muon Solenoid

Particle Identification

Muon detectors Jet

Hadron calorimeter Displaced tracks
Crystal Electromagnetic

»
Decay lifetime "
¥ Lxy //%condary vertex
o

Primary vertex _ =/

/
%0_\ /* B-tfag algorithms based on
— Secondary vertex
reconstruction
— Track impact parameter
significance

— JetFitter(ATLAS) -
decay chain
0 reconstruction
n+

« .+ Combination

Prompt tracks

e* i “ K°— mt'm, .. .etc

Solenoid
All Silicon Strip

Silicon
Pixels Tracker

T, ID
Boosted Decision Tree
( ATLAS)

Hadron + Strip -
particle flow (CMS)

9

* CMS employs Particle Flow algorithm
by performing global e, u, y, charged
or neutral hadron reconstruction




CMS

Compact Muon Solenoid

* Simultaneous likelihood fit across different jet multiplicities

Lepton + Jets Channel

AT I;/A S

« CMS: Secondary vertex mass, split into # of jets(1-4,>=5), b-tags(1,>=2)
e ATLAS: Likelihood discriminant (lepton v, leading jet p;, aplanarity, etc. ),

split into # of jets (3,4,>=5)

* Main background: W+jets (light/heavy flavor)

Oy =164.412.8(stat.)£11.9(syst.) 7.4 (lumi) pb

A

400 MS Prelimin =7TeV | Ldt=1.1 Muon
® Data % -
o C
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100
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50 5
Secondary Vertex Mass (GeV)

50 50

O, =179.013.9(stat.) £9.0(syst.) 6.6 (lumi) pb

o 2400 -
= 3 Jets ATLAS Preliminary -+ Data 2011, V5 =7 TeV.
> 2000 [Ldt=0.70fb" | tt B QCD Multijet
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CMS

Compact Muon Solenoid

Dilepton Channel

* Clean channel, small backgrounds: DY + jets, W+jets via
mis-idenitified second lepton

* Likelihood fit using different di-lepton categories: ee, uu, eu,
(ATLAS also eTL, uTL) with and without b-tagging

O, =169.9%3.9(stat.) £16.3 (syst.)+7.6 (lumi) pb O, =176x5 (stat.)*1* . (syst.) 28 (lumi) pb
% _‘Cli/l‘s“l" \.“‘1‘1\4-fb-1 ‘\.‘dat‘a“l“_ -'UE) _||||||H|||||||||||||||||||||||||||||||||I|||IIII_
B preliminary, 1. 1 -
2000 |- o' " o channels B S | ATLAS b-tag  All channels _
: i Y [Laconn S
: it cco CMS: combine [ e Oa
1500 A misga 800 B0 Z/y*+jets
i AR ] L Fake leptons-
o | ee, uu, eu, - 2 Mo ew |
1000 — . i 7/, Uncertainty |
: 1 using BLUE 600~ by .
oo __ : |
i . . 400 .
............ ] Lyons, Gibaut, Clifford, e 1
o 2 — NIM A270 (1988) 110 b
c 1.5 .
% 1 — Ee— —
Ll
205
° 0 0 1 2 3 4 - 0 1 2 3 >4
y Number of b-tagged jets
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=~ Compact Muon Solenoid

T, + €/u Channel

* Hadronic t identification (ATLAS: BDT, CMS: hadron+strips HPS t ID)

* ATLAS eliminates ““fake t” background from gluon and b-jets by subtracting OS-SS
events

* Use W+ 1 jet and O b-tag control regions to evaluate ““fake t“ from quark jets
« Extract cross section from BDT shape separately for one and three-prong .
* CMS: Matrix mothnd ovnlunte n. 1 —dependent fake rate from multi-jets and W

@ ' T T T T TS +>=1je’reven’rs
& C  CMS Preliminary -+ Data -
- - — °
E = Jetp > 20 GeVie, ) <2.4 =
C Tp, > 20 GeVie,m| < 2.4 ] o _
107 3 S 900F ¢ >1b- -
: t#m Y - L% : -9 > 1b-tag data ATLAS E
N —— . | o 800F ---- Bkg from fit 43
10° H t %) - Ldt=2.05fb A
E a o 7001 |1 Bkg stat. uncertainty -
o, =149+24 (stat.) £26 (syst.) 29 (lumi) pb © 800 — zsignalfrom it —— E
. : 500 y2ndf=0.5 E
L N R T ST e Ty 400 =
o . | | Jet ;?T (GeYIc) 300F =
o o g s 200 [ =
= G S o i B N [ g - -
8 o e = 100E -
o8 1 ! . eeeennneees
0.8 ! 1 0 T
i S 1@% 0 01 02 03 04 05 06 07 08 09 |

BDT, (1,

Jet P, (GeVic)

e A L T ———Ce—



CMS

Compact Muon Solenoid

t,+ jets Channel

« CMS: HPS T ID, train ANN: H;, Aplanarity, q(t) . In(t)|, E;™ss, A¢ (T, E,Miss),
M(jets, T), %% constraining W and top quark masses

* ATLAS: Clean sample by requiring large met significance, >= 5 jets, >=2 b-tags
« Discriminate T, from jets based on charged frack multiplicity

*  QCD multi-jet (gluons) shape is obtained from data side-band region, lower met
significance; ttbar(u+jets) from data used to obtain quark-jet shape

O, =156112(stat.) £33 (syst.) 23 (lumi) pb Oy =200£19 (stat.) 43 (syst.) pb
CMS Preliminary, 3.9 f5'.\s=7 TeV. 2 S S e
el L o e o R § 200:_$ ATLAS Preliminary
E’ 10° __ -I\flultilJet _‘ 180K + p =
- ] =i, 1605 Ldt=1.6710" \s=7TeV
- e Se . e -tfback]ground n 140:_ —— Data 2011 =
10% == ® e . - = - — Fit [All] .
- ’ o . 120:_ ----- Fit [t, 4 & Electron]
i ] 100 # """""" S Tt Fit [Combinatorics]
e _§ sof | e L Fit Multjets]
1 T = ORH ot e T E
o % , | , , , : POE fad ™ . E
% -] S . . S FO = 20 :ﬂ” 5 S 30 =
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CMS

- Compact Muon Solenoid

All-hadronic Channel

+  Multi-jet trigger, >=2 b-tags using combination of high purity taggers
* Fit fo reconstructed top quark mass using >
*  Multi-jet shaEe is taken from O b-tfag region, corrected for b-tag p;, n -

dependent efficiency
Oy =136120(stat.) £40(syst.) £8 (lumi) pb o, =168+12(stat.)£60(syst.) 16 (lumi) pb
CMS preliminary, 1.09 fb'at Vs =7 TeV > OBQFT T T T T T T T T T
—~120 [O) - 4
o . Q) - .
> + CMS data o [ ATLAS Preliminary -
S 100~ + — tt simulation F@ 200+ —
o | - QCD esti f = I -1
5 | QCD estimate from data o [ JL dt=4.71b
2 8o — combined tt and QCD “isol ]
é i —e— Data
8 °r 100l [ tt signal B
;’. I - 8 Multijet background
401~ i ]
l 50/ -
20~ f i i

f0 150 200 250 300 35 400450 500 550 qOO 200 300 400 500 600 700
My, (GeV/c?) m [GeV]

e L R L ———



~ Compact Muon Solenoid

* CMS: Dil and All-Had channels added to single lepton channel likelihood

Cross Section Combination

* ATLAS: Single lepton channel likelihood is approximated as multi-variate Gaussian
* Combined likelihood is formed from single lepton, dil and all-had channels

CMS Preliminary \N's=7 TeV

r

CMS 2011 combination
\TOP-1 1-024 (L=0.8-1.1/fb)

166+ 2+ 11+ 8

(val. = stat. =+ syst. = lumi.)

CMS e/u+jets+btag
TOP-11-003 (L=0.8-1.1/fb)

CMS dilepton (ee,uu,eu)
TOP-11-005 (L=1.1/fb)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

CMS dilepton (ut)
TOP-11-006 (L=1.1/fb)

1 NLO QCD

164 312+ 7

(val. = stat. = syst. + lumi.)

170+ 4+16 + 8

(val. = stat. = syst. + lum)

136 +20+40+ 8

(val. = stat. = syst. = lumi.)

149 £24 £26 =+ 9

(val. = stat. =+ syst. = lumi.)

3 Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
s Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

. . 19 March 2012
ATLAS Preliminary Theory (approx. NNLO)

for m, =172.5 GeV
Data 2011

Channel & Lumi.

—— stat. uncertainty
— total uncertainty

o =(stat) x(syst) x(lumi)

Single lepton  0.70 fb™ -—-o-—- 179+ 4+ 9=+ 7pb
Dilepton 0.70 fb" --.-—- 173+ 6 *}3 " Spb
All hadronic ' 16718 £ 78+ 6 pb
1.02 fb

Combination .-...- 177+ 3 "5+ 7pb ]

New measurements

0] 50 100 150

200 250 300
o(tt) (pb)

Toag + €S 1.67 fo! 200 + 19 = 43 pb
All hadronic , 16812 %+ 6pb
4.7 fb”
| | | | |
50 100 150 200 250 300 350

o, [pb]
15
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CMS T

Differential Cross Section |,

Compact Muon Solenoid

* Measure cross section as a function of transverse momentum, (pseudo-)rapidity, invariant
mass of final state leptons, reconstructed top quarks, tt system

* 1t events are reconstructed by imposing kinematic constraints

* In DIL channel due to under-constraint, correct solution is found by most probable
neutrino energy spectrum and prioritizing b-tagged jets over un-tagged

* Differential distributions are obtained by unfolding using Singular Value Decomposition
method ( A. Hoecker, V. Kartvelishvili, NIM A 372 (1996) 469 )

CMS Preliminary, 1.14 ft" at\'s=7 TeV CMS Preliminary, 1.14 f5' at\'s=7 TeV CMS Preliminary, 1.14 f5' at\'s=7 TeV
L’T‘\ :I T T I T T T I I.I T I T T T I T T T I T T I: |€ 0.6_|||||||||||||||||||||||||||||||||||||||||||||IIII_ ,',__| ||||||||||||||||||||||||||||||||||||||I
> - e/u+ Jets Combined ¢ Data 1 ol& elu+Jets Combined e Data 1 o e/ + Jets Combined e Data
s 1 — MadGraph 1 |2 | 1 oo 4l |
< adarap S o5l — MadGraph 7 ol 10°F — MadGraph
3 —MC@NLO 3 A —=Mceno | = T . ~~MC@NLO
35 f — POWHEG i & ~—POWHEG ] L % - / \ — POWHEG
Aaile) - B 0.4+ K \ _ % \
i ’ i / \ i —lo I
10°F - [ ] L

N

03 \ . . -
: / \ ] 107¢ i\ ;

0.2F . I \ ]

10%E i / \ ] L
I i - : -
10'5 IIIII IIIIIIIIIIIIIIII B IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII . 10-4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 200 400 600 800 1000 1200 _%_5 2 45 -1 05 0 05 1 15 2 25 0 50 100 150 200 250 300 350 400
m_[Gi tandi ptandf Gi

16




Jet Multiplicity Measurement

AT EAS

* Measurement performed in e(u)+jets channel

« Jet multiplicities are reconstructed with 40 and 60 GeV thresholds
* No deviation from MC@NLO

« Jet multiplicity spectrum is cross-checked wrt different MC ISR variations using AcerMC
*  Within current uncertainties no distinction between ISR models can be made

cC :' L L L L e ': (/)] T T T
e} C esjets ATLAS Preliminary é Data 2011 g ATLAS Preliminary JLdt: 070"
~ : - 1 tt | N
2 u L= 070T Mol<25 Wrjets - Lﬁ 10° M pret =
qc_) 3 . pi:‘>40 GeV [l other bkgd. - -
3 107 B QcD fakes 3 N NS ]
- IoITIs oIS - — Mgl<2:5 . -
B 7 — jet —
7 A . - -
» % / . —4— Data 2011
10%¢ Z ’ = 102m 2 MC@NLO _
% ™ I MC@NLO+(AcerMC ISR up)
/ -
4 - MC@NLO+(AcerMC ISR d
i - I MC@NLO+(Acer own) &
|
O = '
2 14 = 1.4F
S 1.2 RN “
8 128 / © 1-2 RN - \
(DU 1 ’7'111 T . s L . ,,,,fy/ Ak .!: % 1 .‘.i N o N oo M\\\
08/ % T 0.8 NN
©
g3 & - S0 1 2 3 2 5 5
: ' - : : >
i 2 8 4 5 26 Reconstructed Jet Multiplicity

Reconstructed jet multiplicity

17




CMS
Charge Asymmetry

LHC top * CDF reported ~ 3.4 sigma deviation in forward-backward

anti-top asymmetry for m(tt) > 450 GeV
/\ * At LHC the charge asymmetry manifests itself in different
rapidity widths of top/anti-top quarks
* Explore

N+t —N-
~ Nt 4+N-

Aly|l = |ye| — |yz

« tt events are reconstructed by imposing W/top mass

Ac

+  QCD predictions: constraints and requirement that b-tagged jet matches jet
from top decay

* Reconstructed distributions are corrected to true
distributions via a regularized unfolding procedure Ms
(Blobel arXiv: hep-ex/0208022), Bayesian unfolding AT-AS
(Agostini NIM A 362 (1995) 487), which correct for bin-to-
bin migration and efficiency effects

ALY = 0.0115 + 0.0006




~ Compact Muon Solenoid

\i\'\

Ag = 0.004%0.010 (stat.) +0.012 (syst.)

Charge Asymmetry

i‘“ - CMS ‘Prélir‘nin‘ary‘/ | 5 7
T q-47flatNs=7Tev <~ % .
é i AC=0'004 +0.010 POWHEG Simulation
% i [+ets |
°
5 L |
- i i
0.5 :—|==|1"|2 _
L | L L | L
O-2 -1 0 1 v I2
y-ly,
O P A A R
< - CMS Preliminary —e Data 7
i 4 |
0.1-47 fo” at \Ns=7TeV EFT _
B I+jets —— NLO prediction i
0.05F- 4
oF l -
0.05F \ -
: PR S N N T SO AN T S S S AN S S ST SO NS N :
300 400 500 600 700 8200
me [GeV/cT]

A, = -0.018+0.028 (stat.) £0.023 (syst.)

T T T

L B B B B

> £ |

; 3 = 04f =

e+=4 le‘Sd(Z 1b tag)] 3 E ATLAS L +>4jets (= 1b tag) ]

/-Q- ata - [<} C 1 & dat ]
#MC@NLO £ 035 |Ldt=1.041b et NLO

= F

3 035~ ATLAS

2 F

e F | Ldt=1.04 b
P |
-3 2 1

Consistent with
Standard Model !

A = 0.0115 + 0.0006

L L L L ) I B

Lol : ; E
1 2 3 0:l | | 1 | | E
Aly| -3 2 1 0 1 2 3
Aly]

00.15[ .

- ILdt: 1.04 fo" ATLAS -

0.1 —— Unfolded data .

- 7/, McenLo 1

0.05 —

O %{///////////// ///////////////////////////////}//////////////__

-0.055 . T .

-0.11 =

-0.15% -

< 450 > 450
m; [GeV]



Compact Muon Solenoid

Single Top at LHC

q S )

" W b
b
9 q [ b W
64.5770%1 T17apb 463 007701 pb  15.74 £0.407119 pb
Kidonakis,N. Kidonakis,N. Kidonakis,N.

@083:091 503,2011 PRD81:054028,2010 PRD82:054018,2010 /

- Weak Interaction : Test of Wtb Vertex
- Measurement of V,,
- Can be used to measure the b-quark parton distribution function (PDF)
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Compact Muon Solenoid

Single Top t-Channel

« Event Selection: = 1 isolated lepton (e or u )

! q « 2 (and 3 :ATLAS) jets ( =1 b-tagged )
* Missing E; > 25(35) GeV and m{(W) > 60(40) GeV
W w+ ° Ofther jet and b-tagging multiplicities used as control regions
" * CMS: Max Likelihood fit to pseudo-rapidity of the light (untagged
jet)
b b

* ATLAS: Construct ANN from pseudo-rapidity of the light
(untagged jet), reconstructed top quark mass, transverse energy
of the light jet

CMS preliminary, 1.51 fb™!, Electrons,\'s = 7 TeV

_.g F K w T T T T T T T T T T T T T T T T T T T
c400F ] * data * ATLAS data T [ ATLAS Preliminary 070" @7 TeV T
i 7 [t-channel BN single-top t-channel a5 - D iets 1 t 4

350 - _ B single-top Wt S Jets 11ag g

E 3 Dltirtwss B single-top schannel  LLJ B 15

300F = Mewk R op pairs ) o

E 1 [Jacb B \/bb/ctets = 4=

250F E P Wesjets 5 15

E . W-light jets _6 o

200 = Diboson c i 8

= . BN Z+jets ®© B

150 = B Multijets @) g

100 ] 7 JES uncertainty 15

= c

50 E O, =901t9 (stat.) £31 (syst.) pb 18

00 05 1 15 2 25 3 35 4 4.5”]?
,

0.8

0, =70.2%5.2(stat.) £10.4 (syst.) £3.4 (lumi) pb

|V, | = 1.04 £0.09 (exp.) £0.02(th.) 21



Compact Muon Solenoid

Single Top tW-Channel

ATIEAS

* Selection: 2 leptons

g t g t
* Missing E;, =1 b-fagged jet
, * Z-veto, reject ee, uu in m = [81,101]
’ * Main Backgrounds: Z+jets, ttbar
b W- b w- ¢ ttbar is measured in the control regions
(> =2 jets, 1 or 2 b-tags) and extrapolated
1200__ CMS P1re|imi|l'|ary,\/§=7Te\[| ® data il il'l"'O '|'h€ Signdl region
[ 21107, eeleu/un me e Zi+jets is estimated using data-driven method by
o0 W zves | evaluating the number of events in MC “leaking” out
: Woter of Z-mass window
o800 ]
E i S 8T T
] 1 3% — 8 20F- ATLAS Preliminary
§ i g 1.85— ATLAS Prellmlnary:; 'E _ E A(111) B(169) C(157)
o N 31.65 11 60;,_
) 3 50F
I |3 sk D(1558) | E(17381) F(1169)
5
0.4; 205_
1 jet 1 tag 2 jet 1 tag 2 jet 2 tag 02p 10;_
2249 pb. at 2.7 %80 80 100 '1&&'08'[6'1\;]'10
o, =22% at2.7 o 25 [Ge
: P 0,<39pb,at1.20
predicted _ pjdata data ;nrdata
Nyjc ™ =Npp X Ng™/Ng™)




* Selection: 1 leptons
* Missing E; >25 GeV, 2 jets >=1 b-tagged

* My > 60 GeV - EMs

* Cut-Based Analysis: Signal significance is improved
1fter each step

Selection Signal Background S/ VB
Preselection Only 104 153802 0.26
Number of tagged jets=2 18 415 0.88
30< Mygp, jer <247 GeV/c? 17 349 0.91
pr(jetl, jer2) <189 GeV/c 17 346 0.91 0, < 26.5 pb
mp(W) <111 GeV/c 17 318 0.95
0.43< AR(b - jet1,lepton) <3.6 17 308 0.97 v 20 :
123< Mygp jen <788 GeV/c? 17 302 0.98 8 ab ATLAS Preliminary
0.74< AR(b — jetl,b— jer2) <4.68 16 269 0.98 g r
§’ 161
n —r T 1.4
c - ATLAS Preliminary 0.70fb' @ 7 TeV =
) L 2 jets 2-ta 4 . . 1.2
R R 1+ Final Selection: =1
1
g * S-chan: 16 t 6
© 0.8—
2 * Total Exp. 285 + 17 06k
© «  Obs. 296 A
0.2 E
ot 7 Lyl
0 1 2 3

4 5 6 7
O'tObS (s—channel)/GtSM(s—channeI)

A R (jet1, jet2)



Conclusions

CMS and ATLAS performed many precision inclusive and differential ttbar cross
section measurements using various channels including all-hadronic and taus

Measurements are systematically limited, starting to constrain theory
Charge asymmetry measurement is consistent with SM

* Single Top:
* Precision measurement of t-channel cross sections
*  Measurement of |V, | at 10% level
* Significance of tW-channel is close o 3 ©
* First upper limit on s-channel
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* Single Top:
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Thank You'!




