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built as a capital (Kingdom of Baden) in 1715
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Why is the Top Quark so Special?

* It decays before it hadronises: the only chance to inspect partons
without having to deal with hadronisation: a great laboratory for
perturbative QCD

* It has tight links to electroweak symmetry breaking: due to its large
mass a dominant role in running of the Higgs boson mass:
important for our understanding of the particle universe

* It is important as a signal or a part thereof (examples: we need to
check its Yukawa coupling ttH, we need to check V,, =1)

* It is the dominant background for nearly every BSM search @ LHC

F. Krauss ,,Some thoughts on

Tops*“
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mass - "': MeV/c?

charge - 2/3 /. '
spin = 1/2

QUARKS

electron
neutrino

GAUGE BOSON

LEPTONS
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Properties:
* Mass

* Lifetime

* Spin

« ISOSpIN

« Charge

.

m ~170 GeV/c®
T ~410%s

S — 5

T3 = +5

Q =+2/3 e




 Four top-quark related parameters:
* CKM matrix elements

* Yukawa coupling (top-quark mass)

* Large mass means large Yukawa
(Higgs) coupling of roughly unity
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« SM predicts connection between
top quark, W and Higgs boson
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1973: Introduction of a three generation theory to explain
CP Violations (Kobayashi, Maskawa)
1975: ldentification of t leptons in e* e~ collisions (Perl / Mark 1)
1977 Discovery of Y(1S) (bb) in proton-nucleon interactions (Ledermann)

DESY 1984
i i Measurement of the forward-backward
( ] ) ( | ) ( ) ) asymmetry in 2Te~ — bb (JADE):
Arg = (—22.8 £ 6.5)%
SM Dublett: Apg = —25.2%

Ve Yy Singlett: Agg = 0
e J7 ¥

There must be an iso-partner of the b.
Isosinglett or sodublett ? What are its properties?
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1979 G. Preparata, Phys. Lett. 82B, 398

m.x4ms = my=4m, ? = my=21 GeV

1980 S. Glashow (Nobelpreis 1979), Phys. Rev. Lett. 45, 1914
m (Toponium) = (38 = 2) GeV

1981  A. Buras, Phys. Rev. Lett. 46, 1354

AM = m(K|) — m(Kg) und Zerfallsrate I" von K, —» p* w-
= m, <47 GeV
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0= -885 -
mEFT oo

4 m_>69 GeV (95% CL)

CELLO (e'e PETRA, DESY)
mt0p>23.3 GeV (95% CL)

[Phys. Lett. B 144 (1984) 297]

VENUS (e’e TRISTAN, KEK)
mt0p>30.2 GeV (95% CL)

[Phys. Lett. B 234 (1990) 382]

OPAL (e'e LEP, CERN)
m, >44.5 (95% CL)

[Phys.Lett. B 236 (1990) 364]

[Z. Phys. C 46 (1990) 179]
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UA 1 am CERN SppS
1984

Search for electroweak production:

pp — W — tb — /vbb
Mg and  j distributions consistent

with Vieop = (40 = 10) GeV

1986
Background better understood:

Miop = 60 GeV
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CDF Run 0 (1988 — 1989):
Meop = 91 GeV

Run 1: 1994

Announcement at Fermilab 1995

CDF tt candidate 24.09.1992
“XIT  Thomas Milller, Institut fiir Experimentelle Kernphysik, KT~ ICTP-NCP School on LHC Physics ~ 2016




February 24™ 1995: Simultaneous submission of Top Discovery
papers to PRL, by CDF and D@

50 pb* at D@
« m = 199+30 GeV

6

17 events

DO

i=S

ka

Events/(20 GeV/c?)

n Utf - 64:':22 pb

= Background-only hypothesis rejected at 4.6c ol 200
19 events

Fitted Mass  (GeV/c?)
67 pb* at CDF -
CDF

. m, =176£13 GeV | ﬂ{ |

= Background-only hypothesis rejected at 4.8c 1l rﬂﬂ |

0 il | | ' 'r ' | ELIIL T
80 120 160 200 240 280
Reconstructed Mass (GeV/c?)

. th= 6.8+3'6_2l4 pb

Events/(10 GeV/c?)

“XUT  Thomas Miller, Institut fir Experimentelle Kemphysik, KT~ ICTP-NCP School on LHC Physics 2016 +*



4 t
» Top quark, W boson and Higgs boson WWOMWW . "AMOWW ;
masses connected via loop corrections - E

* Fit of electroweak observables constrains

h
h ".ﬂ--\\\
top-quark mass OO
!-" \\ \\ J’J
VAANAANANINANNAS + ANANNNAARANNNNAN
10 T | T | T 77T
Fits to LEP data &
/a
s | o constrained to 0.118 4 0.008 ’,' | e History of the Top Quark Mass Measurements
200

&‘ﬁ'h ' T SR

A from the EW fits

A e'e colliders limit
A hadron colliders limit
® CODF Run1

Top Quark Mass (GeV/c?)
g g
[ |
.—’—.

| N“ - 50:—‘,;‘:; ® Fun 1 world average
050 : 1&} l 1;0 : Zé[) : # I'lslgol - L'|9I95I - I20&I - l2C;>5I - .zo{lol I
Year
Mtnp (GeV)
[Phys. Lett. B 276 (1992) 247] [Ann. Rev. Nucl. Part. Sci. 59 (2009) 505]
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Tevatron:
@ Run 1: Vs = 1.8 TeV (1992-1996):
Top quark discovery in 1995 with

65pb-' recorded (around 20 events
each experiment)

@ Run 2: Vs = 1.96 TeV (2001-2011):
12 fb-! delivered, on tape 10 fb-’
Analyses mostly completed
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P IR =
oL =4 L NS

e Hadron Collider

LHC:
@ Vs =7 TeV (2010-2011):
5.7 fb-! delivered, on tape 5 fb"

Around 1M-tt pairs produced per exp.
(60k reconstructed-tt events)

@ Vs =8 TeV (2012):
Around 5M-t pairs produced in 20 b
Analysis in its final stage

@ Vs = 13 TeV (2016):
Around 10M_tt pairs produced so far
Up to 3 fb-! of data analyzed




THE PARTICLE
*Mass (matter vs. anti-matter)
Life-time / width
TOP PRODUCTION Charge
*Cross sections *Radiation of Bosons
*Top polarisation
*Spin-correlations
*Production asymmetries
*Resonances X—tt, Y—=>tb, Z—tjet
*Fourth generation t’

The top quark is very special:

* Yukawa couplings close to 1

* Most massive particle known

*The only ,free” quark

» Appears as signal, background and
maybe decay product of new states
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TOP DECAY

*Charged Higgs

W helicity
Anomalous couplings
*CKM matrix elements
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2. PAIR PRODUCTION OF TOP QUARKS

oy Sanaullah Khan
Thomas Muller, Institut fur Experimentelle Kernphysik, KIT ICTP-NCP School on LHC Physics 2016




q t TEV LHC proton - (anti)proton cross sections
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MSTWO8:Eur.Phys.J.C63:189-285
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Example diagrams:

i ¢ ot swmwor—" .
Tevatron ~ 15%
) LHC7 TV ~85%

_ f gm—t LHC 14 TeV =~ 90%
q

Long standing theoretical effort on fixed order QCD calculations

1989 NLO 280
1998 NLO+NLL
2008 NLO+NNLL 260 | NLO NNLO
2013 NNLO+NNLL LO I l l
240 | : i
Cross-Section rises by about 10% ‘ LL NLLNNLL
from NLO to NNLO+NNLL QCD ~ 2207 ' NLLNNLL '
& 0l L

Precision improves from ~12% to ~3% (scale) 3

~8% to 5% (PDF) ° 80l N— =

‘ Fixed Order —+—
Uncertainty on parton density function dominate 160 | Nﬁt&g -t
Electroweak corrections also sizeable o *~o.__ 140 | LHC 8 TeV; m,,,=173.3 GeV: A=0
MSTW2008 LO" NLO; NNLO

120

Figures and numbers from: _ o _
NNLO QCD calculation mandatory for precision analysis

Czakon, Mitov arxiv:1303.6254

Czakon, Mangano, Mitov, Rojo: arxiv:1203.7215 2
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* To find and reconstruct
top quarks, a fully 7 Jote
operational and hermetic ;
General Purpose bijets
Detector is needed

* This is why top quarks
were used to confirm
and check calibrations
and detector
performance at the start
of the LHC runs at 7 and
8 TeV

ppppp

Leptons
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Top Pair Decay Channels

(2]
3 |z 2|,
o 3
5t
|0 ":'
i
1S |o
I 6T MT tau+tjets
: | muontjets
N a
o | O | electrontjets
\\*\ A+ ] _* = -
t}@d?’ e|u|t ud cS

Top Pair Branching Fractions

“alljets” 46%

t+jets 15%

L+jets 15%

ctiets 15% )
"lepton+jets”

@ t—->Wb
Events classified by W decay

@ “Lepton [e,u] + jets” (34%)
tt - blvbqq’

@ “Dilepton [e,u]” (6%)
tt - blvblv

@ “All jets” (46%)
tt - bqq'bqq’

@ “Tau + jets” (15%)
tt > btvbqq’




Background from long Good enough
lived non-b jets? resolution to see
Increased track multiplicity ' Jets W mass peak?
from pile-up degrades *}/ | peaie
performance? b-iefs =
Pile-up affects From pile-up!?
reconstruction? Wi ~2_ Electronics/
Jets where only ~ Leptons “™ .
enton sean? detector noise?
P ' ME

Actual fakes?
Affected by pile-up!?

Electronics/detector noise!

IT




PAS JME-10-01
< ESJ ...... i * Once boost of top
3 g S e quarks high enough
e E\E:;’Tc\f
3

* Decay products become
collimated

300
250
200

— W->qq in one jet
— Or t->bqq in one jet

700 800 900
P! (GeVrc)

* Special reconstruction
algorithms needed
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mit=1.2 feyict

Finding the top:

@ Triggering on lepton

@ High missing transverse energy (E#)
@ High E; jets, central and spherical
@ Two b-jets (displaced vertex)

Background:
@ Dilepton: Z+Jets, Single Top (tW), QCD,

W+Jets

@ Lepton+Jets: W+Jets, Single Top
@ All Hadronic: QCD multi jet events

Determination of the cross section

. Nobs_Nbgd

- =
§ EH—'ILdI

CATLAS
JA EXPERIMENT

electron

Et(miss)

' /
muon insjde jet -
/ :




CDF Run 1l Conf. Note 10878 DO Runll arXiv:1105.5834

Top Pair Production Cross Section at CDF lepton+jets + dileptons (PLB) 7.40%018 ©05T  pp
. . 53fy! =019 —0:50
C?ccmn_et al., arJ(w:OEUfl.ZEDD (2008) Assume M=172.5 GeWcz
Kidonakis and Vogt, arXiv:0805.3344 (2008) M lepton-+jets (topo + b-tagged, PRD) e
TIMITI] Moch and Uwer, arXiv:0807.2794 (2008) % (stat.) + (syst.) £ (lum.) it s 78575 Zos7 PD
Dilepto é dileptons (topo + b-tagged, PLB) +0.45 +0.76
epon | 7.40+0.58 + 0.63+ 0.45 P e He+H ror¥ U8 o
Lepton + jets (topolog. E lepton+track (b-tagged)* 16 +0.9
sptons jts(opolog) | 7824038+ 037045 plonstrack tagoed 50 118 99 .05 pb
Lepton + jets (b-tagged) i 7.32+0.36+059+0.14 tautlepton (b-tagged)* 7.32+134+1.20 .0 45 pb
(L=4.3fh ) E VRS AN = A = 29 fo-t V€ 124106 7
L3
All hadronic i tau+jets (b- ; #1.15 40,
{L=2.9fb‘l; E 721 T 050 T 110 + 042 1l:3 flbe_ﬂs (b-tagged, PRD) H 6.30 _Hg _g.gg <040 pb
i :
MET + >3 jets i 799+055+0.76 +0.46 alljets (b-tagged, PRD) — 6.9 *13 *14 04 pb
L=2.2f0) i ; W = WA VBV W 1.0 " ¥ 43 14 F
MET + 213 jets bl 711£0.49+0.96 £ 0.43 amtialal
(=87t gt 175 Gey M M. Cacciari efal, JHEP 0809, 127 (2008)
Tau + Lepton T T #22 top [0 N. Kidonakis Vogt, PRD 78, 074005 (2008)
(L=s.0f!»“1 | A 8'|1 8+2.27 - 1.l|1? 047 wlusaEl S. Moch and er, PRD 78, 034003 (2008)
I I I I I I I I I ‘ I I I Ll L \ L1 { - L { Ll_1 { Ll |
8 10 12 14
a(pp - tf) [pb] —— 0o 2 4 6 8 10 12

e - 2010 reuis G (pp > tf + X) [pb]

e CDF, L=4.6f6" ——
12 7/ 4 ............ o | DO, L=54fb_1 - .

) »
@ Consitency amongst various channels e ////, T

. : . v e ~ R
@ Limitation from systematic uncertainties 8 s ""%'?ézasw.v, 3 / // // ]
' IS T : W
(JES, b-tab, W+jets) 5 | 4~ 10
@ Sensitive to NNLO predictions wxrearon |, NNLO

: 4116 LONNLONNLONNLL Vs~ NLO
(Bern relJter’ Czakon’ M|tOV, MSTWEOCB;GBCJ.) LO; KILO; NNLO f

arXiv:1204.5201) , L Independent u. g scale varigtion . |
164 166 168 170 172 174 176 178 180 182

Myl GeV]

qaT
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ATLAS & CMS 8TeV ATLAS & CMS 13TeV

ATLAS+CMS Preliminary LHCIOpWG G, sUmmary, fs=8TeV May 2016 ATLAS+CMS Preliminary LHClopWG o,; summary, fs=13TeV Aug 2016
....... NNLO+NNLL PRL 110 (2013) 252004 | - NNLO+NNLL PAL 110 (2013) 252004
m,,, = 172.5 GeV, o, (M ) = 0.118:0.001 PPN T S " My, = 172.5 GeY, ,(M,) =0.118:0.001
scale uncerainty ) o+ (stal) £ (syst) = (lumi) scale uncertainty total stat
0 scale @ POF @ o, uncertainty il [ scale ® PDF @ a, uncerlainty o, 1 (stat) £ {syst) £ (lumi}
ATLAS, lepton+jets } i | 260+1 2 +8pb A i : |
E i -ntdp TLAS, dilepton &y - B18+8:27+19pb
PRI (2075) ”."’“13- Ly = 20300 arkiv:1606.02699, L = 3.2 /|-H ;
S IR e P 2285+38+13.7+60pb
arkiv: 3 v Ly =19 | ATLAS, dilspton sefpj * |_|_._|_| + +
i ATLAS-CONF-2015-049, L =85pb” H THET ST TAR
CMS, lepton+t, b—— 257+3+24+7pb " i
PLB733(2014)23, L, =196/’
. : ATLAS, |+jets * f——m—— 817+13+103+ b
ATLAS, diapion e e 2424 £1.7£55275pb ATLAS-CONF-2015-049, L _ = 85 po” 8 §:1i3 =88y
EPJC74(2014)3108, L, =2031%" i
CMS, dilepton (ee, uy, ep) —e— 239.0+21+11.3+62pb CMS, dilepton ep H—O—O—EE 746 + 58 + 53 + 36 pb
JHEP 02 (2014) 024, L, =53#%" ? PRL 116 (2016) 052002, Lm-li:ipb‘.ﬁﬂns P
LHC combined ey1 (Sep 2014) | 5y - 2415 +14 +57 +6.2pb ] ™
ATLAS-CONF-2014-053, CMS-PAS TOP-14-018, CGMS, diiaplon e —f 793+ 8+38+21ph
Ly =53-2038" CMS-PAS-TOP-16-005,L =221, 25 ns
int i inl 3
CMS, dilepton eyt - 2449+14" % +64pb .
arXiv:1603,02303, L, = 19.7 6" = . gs::;;{:smp- 6006.L -23m" |-§-| 835+ 3£23+23pb
CMS, all jets e { "
EP.J C76 (2016) 128, L, = 1841’ 275616.1+37.8+72pb CMS, all-jets * [ - | 834+25+118+23pb
CMS-PAS TOP-16-013, L =253 b M HO=EED
i NNPDF3.0 JHEP 04 (2015) 040 NNPDF3.0 JHEP 04 (2015) 040
I ‘ ] MMHT14 €PJ 75 (2015) 5 | I MMHT14 EPJC75(2015)5
CT14 PRD 93 (2016) 033006 * Preliminary E
Effect of LHC beam ; : i CT14 PRD 93 (2016) 033006
energy uncertainty: 4.2 pb ABM12 PRD 84 (2015) 054028 Effect of LHC beam : :
{not mcluded in the figure) [2,m,)=0.113] energy uncertainty: 12 pb : ABM12 PRD 89 (2015) 054028
| | | | | {not included in the figurs) > [@,M,) = 0.113]
I | | | | | I | I [ | | | | | | |
100 150 200 250 300 350 400 11 J Lt 1)Ll )]
200 400 600 800 1000 1200 1400

o, [pb]
‘ o, [pb]

Precision of measuremet comparable to theory precision
LHC and Tevatron results consistent and in agreement with NNLO+NNLL




Tevatron LHC 8 TeV

Precision | DO CDF ATLAS CMS
total 18% 65% 43%  5.5%
stat 26% 4.0% 0.7%  0.8%
syst 43% 47% 23% 4.7%

lumi 6.1% 2.0% 3.1 % 2.6% E g AL LA LA LA NN S B S B S B A ]
& [ ldeer E:%"ifﬁi}ﬂ;ﬁ;“ 9% ATLAS4CMS Preliminary Aug2016 |
; = . e eL R LHClopWG
.most recent: 2 coal 8 Eﬁs“aﬂﬁhf?ﬁsm

O 107FE o cMSepaTeViL=1971%" =
E -y ﬂﬂusmu??ra BLTagtELIbEBED 3 ]
ATLAS, 3.2fb", 13TeV, 0 3 CMeon 13 TeV (Lo b ) .
Dilept., arXiv:1606.02699 5 i ﬂﬁg f;;ﬁ”',‘;{r:.fiﬁ_" '5355;?:} i _
< - o Eﬁ Lﬁﬁ‘?;?:ﬁjlh.-zﬂab il}: § : 7]

CMS, 2.3f 13TeV, I+jets = it s "
CMS-PAS-TOP-16-006 > 10° = [ =
@ = 800 13
CMS, 2.53fh".13TeV, all jets E N ?UD: =
CMS-PAS-TOP-16-013 == i B LG L (i ; |

k . ——— MNLO+NNLL (pp) LV, S DU T
CMS, 26pb ' 5TeV, dilept. 10 Czakon, Fi :edr:pmnw PRL 110 (2013) 252004 13 Vs [TeV] _|
CMS-PAS-TOP-16-015 - NNPDF3.0,m__ = 1725 GeV, i (M,) = 0.118 £ 0.001 3
[ T R R B | PR [N RN TR AN [N TN SN M NN SR N M

2 4 6 8 10 12 14

Vs [TeV]

LHC and Tevatron results consistent and in agreement with NNLO+NNLL
over a large range of centre-of-mass energies




@ Measure differential cross sections
@ Important test of QCD
@ Event selections similar to the cross section

analyses

@ Bin-to-bin unfolding to parton level

CMS Preliminary, 12.1 fo™ at ys = 8 TeV

F | T T T | T T T | T T T | T T T | T T T | T T T
- e/u + Jets Combined ¢ Data

—— MadGraph
--- MC@NLO

-- POWHEG

/

400 600 800 1000 1200 1400 1600

mtt [GeV]

CMS PAS-TOP-12-

041

tt production is well described by SM calculations

Data/MC

“XIT  Thomas Miller, Institut fiir Experimentelle Kernphysik, KIT I

3 CMS Preliminary, 12.1 fo'at ys =8 TeV

10?'1'0"|""|""|""|'"'|""|""|"":
- e/u + Jets Combined ¢ Data E
—— MadGraph ]

— === MC@NLO
--POWHEG ]

M W E o =2} ~ o) 0
TTTTT T T T T I [T T T [T T TT 7T TT

-
IIII|IIII|IIII|IIII|IIII|IIII|I

------ Approx. NNLO

(arXiv:1205.3453)

50 100 150 200 250 300 350 400
p_r [GeV]

CMS Preliminary, 19.6 fo'at /s = 8 TeV

D|Ieplon Combined p’ > 30 GGV
% Data

10 —_— MadGraph+Pyth|a =

E - MC@NLO+Herwig 1
o -- POWHEG+Pythia ]
1 3
10 ———— 3
!"'"“"“""*' E
10_2_ I.-'-.-.-‘-.-.-l ___#___E
sl )
1071 | T | -

1 T e
05 E E
2 3 4 5 6

Jets



CMS, 2.5fb",13TeV, |+jets, differential pr CMS, 2.3fb™,13TeV, dilep, ttbb, tt]
CMS-PAS-TOP-16-008 CMS-PAS-TOP-16-010
CMS, Z.Zfb-1,13TEV, dllep, differential PT(t)= ATLAS, 3.2fb'1,13TEV, |+jet5, differential PT
y(t), y(tt),m(tt), Ad(tt), CMS-PAS-TOP-16-007 Resolved & boosted, ATLAS-CONF-2016-040
CMS, 2.5fb",13TeV, all-jets, differential pt e
Resolved & boosted, CMS-PAS-TOP-16-013 S hvrevasn | e 2
:f 10 F-Rasolved —r"n'G.er.nwp-rnl . —-|:
' el
25316713 TeV) 2 1 e UGt E
B ZICIME‘;IIII L L] GO 1
E = Prafiminary Dilﬂ%jtge;ilsal?ed] 10 5|E’:.1‘$'ﬁt une. iﬂ
3 10° O Data (boosted) = 2 . ]
C e o " EATLAS I+ljets 3
g  Plon - Madgraph ] oL P(hadr. top) |
z 10° L - . TR TP U EOTEE FUI T TN VI
3 E e E ZE o h L s
— = lecgee: fanone, i a
— i
0% CcMS alliets E s
. Leading pr(top) ’ - T
I | | B w000

3
|

N T = p'hae [GeV]
200 400 600 800 1000 _ 1200 r
Leading top P, (GeV)

Similar trends as in 8TeV. Top pt modelled too hard (improves with NNLO pQCD)
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NLO QCD: interference of higher order diagrams leads to asymmetry for tt produced
through Qg annihilation:

@ Top quark is emitted preferentially in direction of the incoming quark
@ Antitop quark opposite
@ Production through new processes may lead to different asymmetries

q t q — N t q t
q t g — q t q t
@ At Tevatron: define forward-backward asymmetry : f |
Aﬁ_N(Ay>O)—N(Ay<O) :
N(Ay>0)+N(Ay<0) e \U
y " ‘
@ At LHC: define asymmetry in the widths of rapidity distributions of t, t =" —iop

= antitop

_N(Aly[>0)-N(Aly[<0)

Ae

"_N(A|y|>0)+N(A|y|<O) Aly| = |yt = |yl
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CDF Run Il Preliminary L = 8.7 ft" CDF Run Il Preliminary L= 8.7 fb
(Tp] < -
; —— I+Jets Data - —— I+Jets Dat
S - A= 0.027 + 0.014 Exactly 0 B-Tags < 1000F A= 0.066+0.02
[ W= NLO (QCD + EW) i + Bk - L = NLO (QCD + EW) £ + Bk
@ 1500 7 {HO (G5 + BV 1t + Bl o FT ARG Bt Bl
& - mem Bkg £ 800F s BRY
g I Ar,=0.016 S " A, = -0.0066
i [ i [
1000 600 |-
- 400
500 | :
L 200
== 1 o 1 2 3 == 1 o0 1 2

Sample with no b-tagged jets 4Y, Sample with one b-tagged jet Ay,

CDF-Note 10807

CDF Run Il Preliminary L = 8.7 fb”' CDF Run Il Preliminary L = 8.7 fb'!
S [ —tiJets Data 2 F —|iJets Data
= b Arg =0.162:+0.047 < o6l o, = (15.6+ 5.0)x10 /
=) %"‘ B _KLG_':ESEE EW) t S - (Correlated Uncertainties) A
T | B e = Y- 05 -
- [ — - — NLO (QCD+EW) it
1sf b oy =33x10
- Background-subtracted
1 | —
- * acceptance corrected
s | E F——J—_é
- —+— + 0.1
- - d/’
Dlllllll | II|I I I IIIIIIIIIII 0 I\IIIII‘\\\IlllII‘I\IIlIIIIl\\IIlIII\
-2 -1.5 1 -0.5 0 0.5 1 1.5 2 350 400 450 500 550 600 650 700 750
Parton Level Ay Parton Level Mti (GeV/c?)

Az = 0.162 £ 0.041(stat) £ 0.022 (syst)




A, of the Top Quark
7)) =
T 250 :_ [ i D@, 5.4 fb™! . v Alh_rens et. al., July 2011
:>,: - W Wijets Summary. arXiv:1106.6051v1 (2011) (* submitted to a journal)
200— [ W. Hollik and D. Pagani, o
F arXiv:1107.2606 (2011) (* preliminary)
150
1003— CDF LJ —— 0.158 + 0.074 (£0.072+0.017)
- (53"
0 PRD 83, 112003 (2011)
3 -2 - 0 1 2 B CDF DIL* °
y 0.420 + 0.158 (+0.150+ 0.050)
Ay in the lepton-jets channel (517
Measured asymmetry on CDF combined* —@—  0.201+ 0.067 (£0.065+0.018)
detector level after bkg (z stat = syst)
subtraction:
Ag det =0.092 £ 0.037 (stat+syst)
DO LJ* —e— 0.196+0.060 9032
] _ (54"
MC@NLO: A, det = 0.024 + 0.007 PRD 84. 112005 (2011)
Measured asymmetry on parton level: 04 _0| 5 '0 0|2 0' . 0|6 08

A

Az = 0.196 £ 0.065 (stat+syst)

Both CDF and DO see significant
asymmetry
in tt production in all channels with strong

—dependence-on-mp-in-conflictwith-the-SM—

IT




A ; (tt) asymmetry / Recent results

* In Agg leptonic-asymmetry )

recent results from CDF and DZero are el s

now more consistent with SM prediction
(measured asymmetries decreased,

theoretical predictions increased) Lepton+jets ° 5.0 24 9
Dileptons — 441+ 3.9%

* In tf asymmetry:

Bemreuther & Si, Phys.Rev,, D86 (2012) 034026

Lepton gqn Asymimetry

3.2
—e— 945, % CDF

DO

SM, 2013 —e—
CDF. 941" — o

D@, 97" e

IIIIIIIII|IIII|IIII|IIII

0 01 02 03 i

Asymmetry compatible with SM =
/2— ¢ Data —MC@NLO |
* Kinematic dependence with my [ ~PRD86,034026 + CDF Data

=>reduced discrepancy with prediction

Gregorio Bernardi / LPNHE-Paris
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Asymmetry, %
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m [GeV]

Working now on the CDF-D0 combination of these results 13
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New physics in the t-channel

[Jung, Murayama, Pierce, Wells / Cheung, Keung,Yuan / Cao, Heng,Wu,Yang / Barger, Keung, Yu / Cao, McKeen, Rosner,
Saughnessy, Wagner / Berger, Cao, Chen, Li, Zhang / Bhattacherjee, Biswal, Ghosh/ Zhou, Wang, Zhu / Aguilar-Saavedra,
Perez-Victoria/ Buckley, Hooper, Kopp, Neil / Rajaraman, Surujon, Tait/ Duraisamy, Rashed, Datta, ...]

[Shu,Tait,Wang / Cao,Heng,Wu,Yang / Dorsner, Faifer, Kamenik, Kosnik / Jung,Ko,Lee,Nam. Aguilar-Saavedra, Perez-Victoria /
Patel, Sharma / Ligeti, Marques Tavares, Schmalz, ...]

- o m Because of color algebra a

t u t Z (SM Z) in the s-channel do
, not interfere with the LO QCD
W, ¢ 2.9 amplitude
Foou t m (coloured) scalars do not

generate an asymmetry in the
s-channel

m A sizeable charge asymmetry requires large flavour violating
CcCOou pIings [Jung,Murayama,Pierce Wells]

m Relatively light Z" and/or W: O(200-700 GeV), or O(1TeV)
colored scalars

m like sign tt + tt, very constrained at Tevatron, and the LHC




Ac in Lepton+jets @ 8TeV  cwspas-Top-12-033

i i q ¢ i i {
u o F i P !
We+jets and y+jets combined
WExactly 1 isolated high-pT lepton

WALt least 4 jets with pT > 30 GeV
WAt least 1 of these jets b-tagged

®BG-contamination about 20%

WSensitive variable Aly| = y(t) - |y(antitop)|
®BG-subtraction and regularized unfolding
®inclusive and differential (mtt, pTtt, ytt)
measurements using 19.7fb-1

Asymmetry Ac
Reconstructed 0.003 & 0.002 (stat.)
BG-subtracted 0.002 & 0.002 (stat.)
Unfolded 0.005 4 0.007 (stat.) 4 0.006 (syst.)
Theory prediction [Kiithn, Rodrigo] [9, 33] 0.0102 + 0.0005
Theory prediction [Bernreuther, Si] [34, 35] 0.0111 £ 0.0004

= [ CMS Preliminary Y b

g T 197fo'at 's=8TeV  __ NLOprediction1 |
k) " Ag=0.0051 0.007

8 5[ Lijets ]
o

5 1 0 1
o 05—/ 77—
< - CMS Preliminary — Data
| 19.7 qu at 's=8TeV —  EAG1.0TeV
- l+jets —— EAG1.5TeV
0.1 —— NLO prediction 1 |
i —— NLO prediction2 |
0.05|- \ R
of t b
) I R R R
0'0§00 400 500 600 7200
m; [GeV/cT]

EAG: Effective Axialvector-coupling of the

IT

Gluon

At LHC we see no deviation from the Standard Model!




Ac in Lepton+Jets @ 7TeV pas-top-14-006

HARGE A SYMMETRY

I\ N TLAS COMBINATION

o o ATLAS+CMS Preliminary Vs =7 TeV
Combination done within the TOPLHCWG ~ March 2014
TOPLHC working group
(stat) (syst)
ATLAS  CMS _ Comb.  Corr CMS ——e—H 0.004 + 0.010 + 0.011
Ac 0.006  0.004 0.005 0.058 [PLB 717 (2012) 129]
Statistical 0.010 0.010  0.007 0
Detector response model 0.004 0.007  0.004 0 ATLAS H—— 0.006 £ 0.010 £ 0.005
,, Signal model < 0.001 0.002  0.001 1
£ Wijets model 0002 0004 0003 05 HHEP 1402 (2014) 107]
£ QCD model <0.001  0.001 0.000 0
5 Pileup+MET 0.002 <0.001 0.001 0 ATLAS+CMS 4 0.005 + 0.007 + 0.006
5 PDF 0.001 0.002  0.001 1
MC statistics 0.002 0.002  0.001 0
Model dependence
Specific physics models < 0.001 * 0.000 0 Theory (NLO+EW) 0.0115 £ 0.0006
General simplified models * 0.007  0.002 0 [JHEP 1201 (2012) 063]
Systematic uncertainty 0.005 0.011  0.006
Total uncertainty 0.011 0.015  0.009 | | |

-0.05 0 0.05
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lepton+jets selection, no
b-tagging requirements

© standard model f -

400 600 800 1000 1200
m, [GeV/c?]
ths Rev D84 072004 (2011)
1o [ Jes%CLinterval |
Ao e cLinterval
observed i|m1t --------- —'
400 600 800 1000 1200 1400
Mg [GeV/c’]

M,>900 GeV @95% C.L.

1600

Qi

DO: lepton+jets selection, at
least one b-tagged jet
> [ ——data
3 102L D@, 5.3 fb!  []M,=950 GeV
: Ml i
D i [ W/Z+jets
:]C: 10: [ ] multijets
i
’
__f"
" 10
200 400 600 800 1000 1200
. m. [GeV]
e arXiv:111.1271v1
il D@, 5.3 fb
q
- 1F
¢k
10" Topcolor 2
-— 95% C.L. observed
- = 95% C.L. expected
2l 1y N
10°7400 600 800 1000 1200

resonance mass [GeV]

M,>835 GeV @95% C.L.
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So far data compatible with SM up to 1..

1.6 TeV




m_, [GeV]

Exclusion limits for gluino-gluino production

§g production, §— t“tfc? m(d) >> m(g), Ys =8 TeV

ICHEP 2014
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