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Introduction

If we compare the top quark mass with chemical elements, its

mass is ~186 u and would be between Tungsten and Rhenium
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Introduction

* If we compare the top quark mass with chemical elements, its
mass is ~186 u and would be between Tungsten and Rhenium

* But we are not doing chemistry at the LHC!

* For particle physicist the top quark is special:

It is the most heaviest elementary(?) particle known (to date)
It plays a special role in many BSM theories

Short-lived, so decays before it hadronized and it is possible to
study the properties of the bare quark

Main background source in most of the BSM searches
Precision test of perturbative QCD
Possible window to new physics
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Outline

t?production cross section
Single top production

Top properties

Beyond the S.M. searches
Conclusion

Q|

Charge asymmetry
Production cross section

New physics,

W, t helicity

Mass, charge

l+

Anomalous
couplings
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Outline

t?production cross section
Single top production

Top properties

Beyond the S.M. searches
Conclusion

Q|

New physics,
t’, VLT

W, t helicity

W+

t

Mass, charge

l+

Anomalous
couplings
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LHC as a top factory!

* Top production pair and single production at the LHC
* Leading order contributions

o™
g—tt =15% @7TeV _ _ 2
14 _ At the Tevatron ¢¢g dominates §
gg—tt =85% @7TeV
O
o . T
* Production in ATLAS and CMS -
* 6.6 M top pairs (2012+2011 /5.7 + 0.9) E
o
* 3 M single tops (2012+2011 /2.6 + 0.4) 5
Top Pair Branching Fractions +,:1oj A"I'LA‘S O‘n"né Lu;ninc‘)sity‘
?10 === 2010 pp Vs =7TeV === PbPb\[s  =2.76 TeV
"alljets™ 46% 8 10°E — 2011 pp\s=7Tev PbPb \[5, = 2.76 TeV
g JE ——2012pp\s=8Tev
510 23.3/fb
ttjets 15% g 10
=10 5.6/fb
1% “ro? 48/pb
TI:H 2,2/3’/01 10° p
e Ay +ets 15% -7
X\ ?,°/°00 u 10
\x\*’\'g@—\—e W o+jets 15% 107 L1 IR~
"dileptons” "lepton+jets” yan el o oct

Month in Year



Top Quark Production . WS g

* Top decays almost exclusively in a W-boson and a b-quark
* Top pair production, strong interaction

93 it 9 pooooT ¢ q: :t
g © f o Booo0 —— £ f

q

= 17719 /253" pb @7 /8TeV (m,, =172.5GeV)
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 Single top production, electroweak interaction
q' q

b w b ¢ q t
L < I
b/ t g t t q" b
g b ’ ( U J
t-channel Wt-channel s-channel

= 657 /88pb@7/8TeV = 1613/22.4x1.5pb @7/8TeV 4.6%72,15.6+022pb @7/8TeV
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Top Quark Decay

* Top decays almost exclusively in a W-boson and a b-quark
* W-boson decays hadronically (leptonically) ~70 (30)%

* Very rich final states! Jets, b-jets, lepton, neutrino

* All jets: largest BR but also large QCD background

* 1-lepton + jets: large BR and reasonable background

* 2-lepton + jets: smallest BR and background

* Tau lepton treated in dedicated analyses (not presented)
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Top Pair Branching Fractions

“alljets” 46%

", g
774 v, Q'

ttjets 15%

1%
P 2;/3/
ALY utjets 15%

. etjets 15% )
"dileptons"” "lepton+jets™




Top Pair Production Cross Section

ATLAS-CONF-2012-134, CMS PAS TOP-12-003

CMS Preliminary,N's =7 TeV

Preliminary LHC o,; combination, \s =7 TeV - September 2012
Liy = 0.7 - 1.1 fb”" CMS e/u+jets 158+ 2+ 10+ 4
. HATHOR theory prediction Phys. Lett. B I+ L .= lumi.

ALT‘Ljibfjl lepton (ee, eu, uu) ; 173+ 6 -|: 1;63, (L!;z_ggﬁb)mo (2013) 83 (val. = stat. = syst. = lumi.)
ATLAS, I+jets '_.._.: 179« 4+ 11

L, =071fb" s +

i d CMS dilepton (ee,up,eu) 162+ 2+ 5+ 4
ATLAS, all jets

Ly, =10fb" : , 167+ 18+ 78 JHEP 11 (2012) 067 (L=2.3/fb) (val. = stat. + syst. = lumi.)
ATLAS combined —o— 177+ 3+ 11
CMS, di-lepton (ee, ey, uu) ! . —0

Lo —_ — 170+ 4+ 18 CMS all-hadronic 13921026+ 3
CMS, u+t,, 0 arXiv:1302.0508 (L=3.5/fb) (val. = stat. = syst. = lumi.)

Lt 1b"h . ' o— 149 + 24 + 28
CMS, l+jets |

L oo 1 e 108 S e CMS dilepton (et,ut) — 143 +14£22+ 3
CMS, all jets ' [ UT xlaxccx

Ly =11 10" ® 0 136+ 20+ 41 Phys. Rev. D 85 (2012) 112007 (val. = stat. = syst. = lumi.)
CMS combined —— 165.8 + 2.2 +13.2 (L=2.2/0)
LHC combined I-é-.—| 173.3+2.3+9.8 CMS t+ets 152 +12+32+ 3

. . form=172.5 GeV , = (stat.) = (syst.) arXiv:1301.5755 (L=3.9/fb) (val. = stat. = syst. = lumi.)
50 100 150 200 250 300 35 7 NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254
oﬁ [pb] Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097
C—J NLOQCD
| | | |
0 50 100 150 200 250 300
o(tt) (pb)
. . . ~C0
Total LHC combined uncertainties ~6%
CMS dilepton result not used in this congbination

o, =161.9=2.5(stat)", (syst) = 3.6(lumi)pb (4.2%) JHEP11(2012)067
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Top Pair Production Cross Section

8TeV results

ATLAS MVA 8TeV Lepton + jets analysis with 5.8 fb!
O,; = 232 +2(stat) = 31(syst) = 9(lumi) pb (14%)

CMS Preliminary,\'s = 8 TeV

* Cross section are consistent with theory (full
NNLO calculation arXiv:1303.6254)

* Also consistent across channels and
experiments

* Systematics dominated measurments

CMS prel. (e/u+jets) 228+ 92 +10pb
TOP-12-006 (L=2.8/fb) (val. + stat. + syst. + lumi.)
CMS prel. (ee,un,en) 227+ 311+ 10pb
TOP-12-007 (L=2.4/fb) (val. = stat. = syst. = lumi.)
CMS prel. combined 227+ 3+11+£10pb

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

[CJ NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2(13)
pprox. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)

pprox. NNLO+NNLL QCD, Cacciari et al., arXiv:11/{1.5869 (2011)

[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRI 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

100 200 300 400
o(tt) (pb)

CMS combined (7%)
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Differential Top Pair Cross Section

Statistic is enough to study differential 7 pair production cross
section

Several variables considered: m(z,7), p(t,1),Y(t,7)
* sensitive to new physics

o™
—i
~~
. . . . 28]
* CMS considered also top and top decays kinematics (b-jets, lepton...) <
i
* Generators in good agreement with measurements o
T
) ©
L+Jets L+Jets Dilepton g
= 10g— A R <> CMS Preliminary, 12.1 b at /5 = 8 TeV , CMS Preliminary, 122 ftat 1s = 8 TeV =
'“:’ E data 3 = L I e i R I I IS I T e ——— o
= [onmsraresspraneand ™ [ 1 NLO (MCFM) > 16E e/p + Jets Combined ¢ Data E > E Dilepton Combined e Data ] 8.
= 1 — e ALPGEN 3 : — MadGraph S % — MadGraph A
g e MC@NLO 1 - e e MC@NLO 1 o, s == MC@NLO
?f c : ; ---POWHEG ] _IS‘% .3 -~ POWHEG 3
§=10‘;ATLAS = / E o E
= F f Ldt=2051b" ] i ] s Leadl
102 s w— % pb E i Pr E
E 7\ 0 T o E 6 - E E
- m(@,7) S T3 =N -;
L — ‘ g : h: E
e 2t E L A E
%;ﬁ ---------- s | 0556100150 200 250 300p$3[5c(;)ev4]00 pﬁ[:;] ( 11 J
2 300 1000 2000
= m, [GeV]

CMS PAS TOP-12-027, CMS PAS TOP-12-028
Eur. Phys. J. C(2013) 73: 2261 Eur. Phys. J. C73 (2013) 2339




Top Pair Production with jets

* Allow to study additional jets to test
Monte-Carlo generators and QCD

* Reduce the ISR/FSR associated

systematic errors
* Gap fraction

f(Qo)= N

n(Q)

J

n(QSum)

(QSum ) = N

N
o
3]

=y

p fraction

0.95

Ga

0.9

0.85F

Theory/Data

CMS PAS TOP-12-041

CMS Preliminary, 19.6 fb" at {s=8 TeV
L

—
Dilepton Combined

i<0.8

Cuyi

i * Data

Cr * [ Syst+Stat error

L — MadGraph+Pythia

N —— POWHEG+Pythia

f ------- MC@NLO+Herwig

ol v b v b ey b by b
50 100 150 200 250 300 350 400

' additional jet p, [GeV]

Gap fraction
o
- (&2

o

N
Q
s}

Theory/Data

CMS Preliminary, 19.6 fb' at ys=8 TeV

e R o
L Dilepton Combined

0.8<n|<1.5

® Data
] Syst+Stat error
—— MadGraph+Pythia
—— POWHEG+Pythia
MC@NLO+Herwig

II|IIII|I1!I|IIII|IIII

e e e e e ey

s

Fe.
Fe,
e,

100 150 200 t250 300 350 40
1 additional jet p, [GeV]

ATLAS-CONF-2012-155,
Gap fraction vs. Q for veto region: |y| < 0.8
P L0 L e e e i wm
B E s 1=
095 -
E —e— ATLAS data
0.9 — —— MC (alpha.s.down) —
C —— MC (central)
085 — —— MC (alpha_s_up) -
0.8 -
075 ¢ =
E | | .\ | |
1.06 = [ [ i | I
g M4 ER
5 102 — =
T 10 E_’_‘_L'__'— 2
LE) 0.98 = — g
096 - .
094 5 |y Lol bv v bvv e 1 H
50 100 150 200 250 300
Qo [GeV]
Gap fraction vs. Qy for veto region: 0.8 < |y| < 1.5
PP e L e e W SN
& Tk ]
0.95 |-
£ —e— ATLAS data
09 — —— MC (alpha-s-down) -
C —— MC (central)
0.85 - —— MC (alphas_up) 4
0.8 H -
075 =
Bttt : \
104 — | [ I [ [ =
8 1.02 & =
@) E
S 098 ?];’_3':'
= I N RN B I I B
50 100 150 200 250 300
0 Qo [GeV]
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Top Pair Production with W, Z and y

* Important to measure top pair production cross section in
association with vector boson, key test of the SM @ TeV Scale

* New physics_may affect the top couplings
e ttZ and ttW :Phys. Rev. Lett. 110 (2013) 172002,

ATLAS-CONF-2012-126, Phys. Lett. B 716 (2012) 142-159 a
= 0
e tty :ATLAS-CONF-2011-153 2
—
=
CMS L=50f"at/s=7TeV =
o) ©
208 5 r 8
& | tiv (dilepton analysis) tiZ (trilepton analysis) © i sﬁ
% : 0.43 017 (stat) 0% (syst)pb  0.28 707 (stat) "% (syst) pb ol —— background only g
20.6/ - =
o |
o | p-value = 0.71 %
0.4\ ¢ 3.30 1 2.70 _
‘ ] 30 fl_dt=1.o4fb'1 ]
I ATLAS Preliminary
0.2 L
I NLO Calculations ] 0 t— L P
- Cambell and Ellis, JHEP 07 (2012) 052 0 50 100 150 200 250 { 13 J
- Garzelli et al., JHEP 11 (2012) 056
0 number of observed events

0, (P (y)>8GeV)=2.0= 0.5(stat)=0.7(syst) £ 0.08(lumi)pb
SM prediction=2.1x0.4pb(LO + LO — NLOk - factor)




t-channel production cross section

I

q q
* Single-top
* Probe the Wtb coupling and Vtb CKM matrix element W
* High background level, MVA technics needed b t
* t-channel observed at the LHC (measured to 20%)
* QObservation of W-t channel production (evidence by both 7 b
experiments)
* |Vy| >0.81 @ 95% C.L.

)
o I
° 102}

10

CMS PAS TOP-12-011

t-channel single top quark production

L e B A e e
n CMS preliminary, 5.0 fo
®  CMS, 1.17/1.56 fb™
= Y DO, 541"
A CDF, 7.5 fb
) —— NLO QCD (5 flavour scheme) =
theory uncertainty (scale ® PDF)

Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 :
| NLO+NNLL QCD |
= theory uncertainty (scale ® PDF)

N Kidonakis, Phys.Rev.D 83 (2011) 091503 ]
—_— .
Vs [TeV]

o [pb]

10?

ATLAS-CONF-2012-056,
ATLAS-CONF-2012-132

N LA IR AU I B T T T T
-~ ATLAS Preliminary .
top+antitop

t-channel single top

antitop |

=Theory (approx. NNLO)
11.04 fb" arXiv:1205.3130
4.7 b ATLAS-CONF-2012-056
15.8 fb' ATLAS-CONF-2012-132 |

5 6 7 8 9 10 11 12 13 14

CM energy [TeV]
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t-channel charge ratio

O
* Use the lepton charge to build Rt = —L information on proton
content’s O-

{
* Results agrees with Standard Model m
* Improving the measurement could lead to better constrain PDF sets §
T
R =1.76£0.14(stat) = 0.21(syst) R, =1.81x0.1(stat)+0.21(syst) B
CMS Preliminary, 12.2 fo™',Vs = 8 TeV g‘
AN B B B B ELELEA B B B o
- [ e L R B B B B BLELALEL BLLALELE LA B Q.
TOP 12.008 1761 0.16 (sta)+ 022 (sys) + " ATLAS Preliminary ) Lat=471" (s=7TeV L
cTEQ6M ATLAS result | —
cr1o ABKM09 ——i
.MRSTOS E — NNPDF 2.1 ——
MSTW2008 P ——
. MSTW08 NLO 90CL N.=4 E— GJROS —_—
B coor 1sn0 m CT10 (+ DO W asym.) —
.NNPDF2.1 Ne=4 E - CT1O —e—i
0.4"'o.le“'o.lal";"'1!2"'1.14"'1.16'":1.18"'2'"'2.2 1.2 13 1415 16 17 18 19 2 21 2.2
Ratio = o(t)/c(t) Rt

CMS PAS TOP-12-038 ATLAS-CONF-2012-056




Observation of W-t channel

* First observation by CMS * Evidence by ATLAS
* 60 significance (8TeV) * 330 significance (7TeV)
5. o
o, =234",pb Oy, =10.8=2.9(star) = 4.9(syst)pb|
o
3
o=16"2/224+15pb@7/8TeV o
CMS PAS TOP-12-040 Phys. Lett. B 716 (2012) 142-159 §
700 " T T T T T e Data 2
- CMS Preliminary, (s =8 TeV|— v o — <
600—12.2 fb™ ey/up/ee channels |l 100+ ata - Q
C1j1t " =t2;/:'r::iets g [ ATLAS LIJDEtS uncertainty | -
500 77)Syst > 80 f Ldt=205f" 5:’:” _
o r _ ] [= - CIWW/zzZ/Wz -
= 400:_ —: g) - Vs=7TeV E]%(ee/wzﬂets B
|-T>j 3003— —f L 60; Dilepton 1 jet EFglggtialesptons {
0 E 40/ 1
100[ B I ]
| 8
g [ ]
%‘%1'51 /M/)%ﬁ/z”lﬂ’/m«ywwgl/w/ﬂ//j 07 et o o = i
s g 'Y .08 06 -04 -02 0 02 04
-%.4 -03 -02 -01 0 0.1 0.2 0.3

BDT Discriminant BDT output



Top Mass

* Essential parameter of SM

* Tevatron legacy: Average
dominated by leptons+jets

m,,, =173.2+0.51(stat)
+0.71(syst)GeV (0.5%)

ATLAS m,,, summary - July 2013, L =2.05fb"- 4.7 fb” (*Preliminary)

ATLAS 2011, all jets*

CONF-2012-030, L, =205

ATLAS 2011, I+ets”

= 21 3.8

3

* Average CMS result competitive
with Tevatron

m,,, =173.4+0.4(star)
+0.9(syst)GeV (0.57%)

* Systematics dominated by b-JES
and color reconnection

CONF-2013.046, L, - 47 " Tttt 172.31+ 0.23+ 0.27 + 0.67 + 1.35
ATLAS 2011, dilepton, r'qb*
CONF-2013-077, L =47 10" 173.09 = 0.64 +1.50
= stat. = syst.
CMS Average September 2012 v
. . = stat. uncertainty
173.36 £ 0.3855, 0'9”8@'\'”5" stat. ® JSF @ bJSF uncertainty
= total uncertainty
Tevatron Average May 2013 HOH
173.20 = 0‘515tal. =0 71JSF:: Syst.
ATLAS Preliminary
| | | | | | | |
155 160 165 170 175 180 185 190 195
My, [GeV]
CMS Preliminary
CMS 2010 dilepton 17565+46+46
JHEP 07 (2011) (L=36 pb™) (val. £ stat. + syst.)
CMS 2010 lepton+jets 173121127
PAS-TOP-10-009 (L=36 pb") (val. + stat. + syst.)
—0—

CMS 2011 dilepton
arXiv:1209.2393 (L=5.0/fb)

CMS 2011 lepton+jets
arXiv:1209.2319 (L=5.0/fb)

CMS 2011 all-jets
PAS-TOP-11-017 (L=8.54/fb)

1725+04+15

(val. £ stat. + syst.)

1735+04+1.0

(val. £ stat. + syst.)

1735+0.7+£13

(val. + stat. + syst.)

CMS combination
up to L=5.0/tb

e
————
=

CMS combined result

173.4+04+0.9

(val. £ stat. + syst.)

160 165

170 175

180 185
My, [GeV]
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Properties

» Charge: 0 =0.64 £0.02(stat) +0.08(syst) (arXiv:1307.4568)

N LI LI LI LI LI LI LI LI LU LI (:')
3 " electron/muon + Ije’ts IA-,-,_ Als g
S 10°={ Ldt=2.051" .+~ Simulation 3
% % s=7TeV Q
. 4 =
o 10 -. :
10° ":,: XM %

' P

10°

10

|I Ll "L L
-0.25 -0.2 -0.15 -0.1 -0.05 O 005 01 015 02 0.25

(18]
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Properties

» Charge: 0 =0.64 £0.02(stat) +0.08(syst) (arXiv:1307.4568)

* Charge asymmetry consistent with SM expectations ATLAS-CONF-2013-078,
Phys. Lett. B717 (2012) 129

o
—
~~
[e0)
o
S~
<
—
Q
T
‘C'M'S'I""l""lv"‘]" — f :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: :
i — —— Data ] T —4— Unfolded P I ©
04[50 fb'at \s =7 TeV AG - 0-2: sy ATLAS Preliminary . @
Tt l+jets — NLO prediction - WD Axigluon m=300 Gev  YS=7TeV . 7]
i i 0.15— Y Axigluon m=7000 GeV fL dt= 4.7 b —] ;—'l
- . - e ] o
- . <]
0.05|~ 8 0.1 - A
Z ; . 0.05( -
O — ] : [ ] :
B ] oF ]t -
-0.05 o -0.05[— =
h.. |l,||,||.||l|A||l||J|_ _0.:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
300 400 500 600 700 %00 ""100 200 300 400 500 600 700 800 900
m_ [GeV/c?] m [GeV] 19




Properties

* Charge: 0 =0.64+0.02(stat)+0.08(syst) (arXiv:1307.4568)

* Charge asymmetry consistent with SM expectations ATLAS-CONF-2013-078,
Phys. Lett. B717 (2012) 129

o
—i
S~
. . . . . . 0
* Spin correlations consistent with SM expectation (f;,, = 1 correlations) L
—
Phys. Rev. Lett. 108, 212001 (2012) CMS PAS TOP-12-004
=
CMS Preliminary, 5.0 fo" at {s = 7 TeV % 900F « data Ai—L)\};‘E g
2ooo: kT I_Z_!tt (SM) E =
1800 800 .tt (unclgrrelated) f'—dt 211" o
- singie 1o
1600 700? -Z/yg+/etsp _____ IS
1400~ 600 .f’gzg?ggtons § *
1200/ 5005
1000;— 400§ ——t==
LS Fit 8000, [ 5
BOOF="""""* Backg. + tf without correlation — ]
4003_ -------- Backg. + tf with correlation 2005_"_ fSM =1.3x0.14(star) ++8Z (syst)
- Background 100~
i —— o - =
- ; (20])

=
I
3
-
-
o

2 25 0 0.5 1 1.5 2 2.5 3

Ad
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Properties

* Charge: 0 =0.64+0.02(stat)+0.08(syst) (arXiv:1307.4568)
* Charge asymmetry consistent with SM expectations ATLAS-CONF-2013-078,
Phys. Lett. B717 (2012) 129
* Spin correlations consistent with SM expectation (f;,, = 1 correlations)
Phys. Rev. Lett. 108, 212001 (2012) CMS PAS TOP-12-004
* Top quark polarization (f;,, = 0.5) arXiv:1307.6511, CMS PAS TOP-12-016
T | osrommmsontasre R N el = S
8 F —»— (Data - BG ) Unfolded 1 @ 3500 =§'+']2: i E
O 0.8 o m 5 - [ Diboson ]
Q + ~ Syst. Uncertainty 7 Lﬁ 3000 z;?;e@L;‘;t;.nEnc. =
S [ — rowhegpartontevel ] o500 =0.470=0.009(stat) =0 (syst) -
v 0.6 — C ; .
- T 2000; : é
04l | ] 150012 : i
i ] 1000/ =
0.2~ 5 500%
R PR e N PR TR R, 5

+ 0.8 1 e L
cos(9)) 1080604025 0 02040608 1
cos(0)
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Properties

Charge: 0 =0.64 +0.02(stat) +0.08(syst) (arXiv:1307.4568)

Charge asymmetry consistent with SM expectations ATLAS-CONF-2013-078,

Phys. Lett. B717 (2012) 129

Spin correlations consistent with SM expectation (f;,, = 1 correlations)
Phys. Rev. Lett. 108, 212001 (2012) CMS PAS TOP-12-004

Top quark polarization (fg,, = 0.5) arXiv:1307.6511, CMS PAS TOP-12-016

W helicity fractions in top decays CMS PAS TOP-12-020,
CMS PAS TOP-12-027, JHEP 1206 (2012) 088

Re(g,)

0.8

0.6

0.4f

0.2

-0.2

— “ERE—

} LHC combination preliminary vV, =1,V_=0
- \s=7 TeV, L_=35pb"'-2.2fb"’

- " PssscL
= [ Jos% cL

* SM

0 gl

4 -03 -0.2 -0.1 0 0.1 0.2 0.3

0.4
Re(g)

T | T T T T | T T T T
ATLAS and CMS preliminary
Ns=7TeV,L =35pb"-2.21b"
I NNLO QCD

Combination
o=+ Data (FR/F,_/FO)

ATLAS 2010 (single lepton) e A
ATLAS 2011 (single lepton) e~ - ki
ATLAS 2011 (dilepton) e e
CMS 2011 (single muon) e ke
LHC combination ‘. - A
N R I P T
0 0.5 1

W boson helicity fractions
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BSM and top quarks

Search for FCNC in

top decays .
Search for tt resonance (Z’ or 7 i
KK gluons) )
k! t
q
Search heavy vector boson 5 Tt °
Z W r
VAVAVAS v
w
VAVAVAS
Search for heavy quarks
Search for excited states (t*, b*) T->Whb, Ht, Zt
B-> Wt,Hb,Zb
q.q
t
g%% . ot
l/ w Z H w*
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BSM and top quarks

Search for FCNC in
top decays

Search for tt resonance (Z’ or

KK gluons) g
q
Search heavy vector boson b
. .
VAVAVAY v
Search for heavy quarks
Search for € T->Whb, Ht, 7t

B-> Wt,Hb,Zb

q.q
t
ga%% ) See (.S.ustaaf Z H W~
R Brooijmans and
z/ w Marco Cardaci Z H W=

talks
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Conclusions

* LHC top physics program is well advanced!
* Many analyses are systematically limited
* Production:
 Pair production cross section within 4-6% uncertainties
* Single top t-channel cross section within 20% uncertainty
* W-t-channel production observed
 Differential cross section
* Associated production try,ttV,tt j
* Properties:
* Top mass uncertainty 0.57% (0.98GeV)
* Polarization, asymmetry and couplings consistent with SM
* No spin correlation hypothesis excluded
* Beyond Standard Model:
* No new physics observed yet but stringent limits!
* Full set of top results:

* https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
* https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

14/08/13

O
E[=
-
+—
@
[%]
=
[
>
B
o
o
o
=

—
NI
U

—

Feynman’s diagrams from:
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_feynman_diagrams.html
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Top cross section

* All ATLAS results

20 Dec 2012
Theory (approx. NNLO)
form, = 172.5 GeV

ATLAS Preliminary

Data 2011,\Ns =7 TeV

— stat. uncertainty
— total uncertainty

Channel & Lumi.

Single lepton  0.70 fb™
Dilepton 0.70 b
All hadronic

Og +(stat) =(syst) =(lumi)

179+ 4+ 9+ 7pb
173+ 6 *1* "%pb

1.02 fb™

Combination

167 +18+78=+ 6 pb

177+ 3 "%+ 7pb

4.66 fb™

165+ 2+17+ 3 pb

Toag + JEtS 1.67 fb”
T,.q + lepton  2.05 fb”

By
P— —
(]
Single lepton, b — Xuv -—-—-
D

All hadronic

4.7 o |

194 + 18 + 46 pb
186+13+20=+ 7 pb

16812 ¥+ 6pb
|

I
150 200
o [pb]

50 100

250 300 350
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Single Top

Probe the Wtb coupling and Vtb CKM matrix element

* High background level, MVA technics needed )
* T-channel observed at the LHC §
* Observation of W-t channel production (evidence by both i
experiments) =
ATLAS Prolminary  (s=7TeV ‘§

t-channel 1.04 fo" —e—83"3 pb -

arXiv:1205.3130

t-channel top 4.7 fb™ —o— 531} pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fo'' —e— 30%; pb
ATLAS-CONF-2012-056

Wt-channel 2.05 fb' -#- 17'S pb
arXiv:1205.5764

s-channel 0.70 fo™! ——4 <26 pb
ATLAS-CONF-2011-118

(28]

Theory (approx. NNLO)
‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘
0 20 40 60 80 100120

single top cross section [pb]




