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The top quark enthusiasts
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The Top Quark

* needed as isospin partner of
bottom quark

o o~ discovered in 1995 by CDF and D@:

* large coupling to Higgs boson ~ 1.:
important role in electroweak
symmetry breaking?

> short lifetime: T ~ 5 -107°s <A™ _:

decays before fragmenting
— observe “naked” quark

Is the top quark the particle as predicted by the SM?
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The Top Quark

* needed as isospin partner of
bottom quark

o o~ discovered in 1995 by CDF and D@:

* large coupling to Higgs boson ~ 1.:
important role in electroweak
symmetry breaking?

s short lifetime: T~ 5 10 %s < I\‘IQCD:

decays before fragmenting
— observe “naked” quark

— precision measurements and searches
Sc i
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Somebody said...

@ Tevatron is a bit of a few-numbers experiment
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Somebody said...

MEPS@LO

MEPS@NLO: validation in W +jets

.8.0.6 . Force Quit Applications, ...

If an application doesn’t respond for a while,
select its name and click Relaunch.
& Mail
 Microsoft PowerPoint
% Preview (not responding)
~ Stickies
Terminal
«' VidyoDesktop

™ Finder
You can open this window by pressing @

my MAC never makes it to that point

t h 0 u g h "TT Command-Option-Escape.
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Somebody said...

MEPS@LO

MEPS@NLO: validation in W +jets

f ® 06 Force Quit Applications

If an application doesn’t respond for a while,
select its name and click Relaunch.
& Mail
¢ Microsoft PowerPoint
% Preview (not responding)
~ Stickies
Terminal
«' VidyoDesktop

: :
many fun discussions! Lo T i /s ([ Relaunch )
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Physics Groups: D@ Collaboration
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Top Quark Physics Topics

— top physics collaboration
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Top Quark Physics Topics

Proper
ties
— top physics collaboration H
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Top Quark Physics Topics

Proper
ties
— top physics collaboration H
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Top Quark Physics Topics

Quantum

chronm
rl' s _

Higgs

yson Properties
New

Phenomena
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Top Quark Physics Topics

Quantum
chromo-
dynamics
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Top Quark Pair Production

Tevatron
(~85%)
ar -

t
tg t g t
. . LHC
(~87%)
(8 TeV)
tg tg t
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Toop Quark Pair Signatures

T'S alljets
14% | Top Pair Decay Channels| 46%

electron+jets
muon+jets
tau+jets

tau+jets
muon-+jets
electron+jets

e high pT leptons, missing Et
° Jets dilepton (e/p) e/u+jets
e b-jets 6% 34%
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Top Pair Production Cross Section

DO Run I July 2011

lepton+jets + dileptons (pLB) 019 +057
5.4 5 7407005 o5 Pb
lepton+jets (topo + b-tagged, PRD) HeiH 7.65 4025 +0.75 pb [ i CDF Run Il Preliminary, 9.0 fb™' | —
53" 025 057 Top Pair Production Cross Section at CDF
dileptons (topo + b-tagged, PLB) 0.45 +0.76 7777777] Cacciari et al., arXiv:0804.2800 (2008 = 2
5 4’;_1 H&-+H 72775 063 Pb Kidonakis and Vogt, arXiv.0805 3844 (200  Assume M=172.5 GeVic
: (I Moch and Uwer, arXiv:0807.2794 (2008) + (stat.) + (syst.) £ (lum.)
lepton+track (b-tagged)* 16 +0.9 -
PonTHack (brnsged 5.0 11§ 55 w02 pb Dilepton 7.40+ 0.58 + 0.63 + 0.45
tau+lepton (b-tagged)* 7,39 +1:34 +1,c2)g 1045 pb L:?ﬁ?'?.;’ jets (topolog.) ° 7.82+0.38 + 0.37 -+ 0.15
- Ve 1241 : ;
e Lepton,+ jets (b-tagged) - 7.32+0.36 + 0.59 + 0.14
tautjets (b-tagged, PRD) H 6.30 *1-15+0.72 .5 49 pb .
1.0 fo~! =1.09=0.67 ';{',',':gr,m'c 7.21+0.50 +1.10 + 0.42
alljets (v-agged, PRO) —— 6.9 '3 714 w4 pb MET + 23 jots 7.99+ 0.55+ 0.76 + 0.46
1.0~ ‘ ‘
(stat) (syst) (lumi) MET + 23 jots ; 711+ 049+ 0.96 £ 0.43
iari i 1.22
Mg = 175 GeV B owm C.acman.e ., JHEP 0809, 127 (2008) T?ng_: '!,?pton : fiiis 27 -*1.07 +0.4
CTEQSG.6M 7] N. Kidonakis and R! Vogt, PRD 78, 074005 (2008) N T e T T T
' S. Moch and P, Uwer, PRD 78, 034003 (2008) 4 6 8 10 12 14
l Ll 1 I Ll 1 l L1l L l ) - I - l o(pp -> tt) [pb]
N 0 2 4 6 8 10 12
= preliminary
red = 2011 result —_— rg
blue = 2010 results G (pp — tt + X) [pb] .
L. Shabalina
all channels measured except forr,_. T, .

— good agreement with each other
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Top Pair Production Cross Section

NNLO+NNLL
Tevatron Run II,\/'s=1.96 TeV
CDF dilepton i 7.09 = 0.83
8.8 fb + 0.49 = 0.67
CDF ANN lepton+jets p—e—q4 7.82+ 0.56
4.6 fb + 0.38 = 0.41
CDF SVX lepton+jets p—j—e—i— 7.32 = 0.71
4.6 fb™ + 0.36 = 0.61
CDF all-jets oy 7.21+1.28
2.9 fb" l +0.50+1.18
CDF combined H=o—H 7.63 = 0.50
<8.8fb" + 0.31+ 0.39
DO d;lloe1pton ————i 7.36 = 0.85
5.4 fb
DO Lefgjtomjets —e—— 7.90x0.74
5. )
D0 Combined —+od— 7.56 = 0.59
<5.4fb" + 0.20 = 0.56
Teva;cggn Cgmgi\rlled o 7.60 = %g}) 036
= 8.8 fb m=172.5 Ge + (0. + (0.
~ Phys. Rev. Lett. 109 (2012) 132001 i 5 _4%
6 7 8 9
Y. Peters o(pp — tt) [pb]

— good agreement with NNLO+NNLL
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Top pair production cross section

ATLAS+CMS Preliminary o, summary, is =7 TeV TOPLHCWG July 2014
"""" NNLOSNNLL (10p++ 2.0), PDFALHC, g1 = 1725 GaV At uncantainty
B scaie noenwny

scale @ POF © a uncertainty 7 TeV u‘l(“]x(n[-]x(lml)
ATLAS, l+jets 179+ 4+9+7pb L0710
ATLAS, dilepton (*) 17326} "7pb L07 "
ATLAS, alljets () ¥ 1 167+ 182 78=6pd L=1.0®"
ATLAS combined ‘I77:3f::7pb L0710 %"
CMS, l+jets () 164+ 3122 7pd L =0.8-1.1 &'
CMS, dilepton (*) 170+ 4+ 162 8pd L e
CMS, 7,4+ (") 149+ 2422629 pd (WO RE Y
CMS, all jets (*) 136+ 20+ 40+ 8 pb L1100
CMS combined 166+ 2= 11+8pb L,~0.8:1.1 &'
LHC combined (Sep 2012) 173+ 2= 8+6pb L0711 &'
ATLAS, l+jets, b—=Xuv 1652221723 pb L7t

ATLAS, dilepton e u, b-tag

18292312 42236pb L won’

ATLAS dileptoney, N_-ET™

181.22 2837+ 3.3pb L a6t

(*) Superseced by results shown below the line

lllllllllllllll

ATLAS, 1+ 186+ 1322027 pd L2180’
ATLAS, 1, +jets + 1 194+ 182 46pb Le17®'
ATLAS, all jets 168+ 12" 5+ 7 pb Lot 7 85"
CMS, I+jets 158+ 2+ 102 4pb L 22238
CMS, délepton 162+ 2+5+4pb L2238
CMS, 1+ 143+ 142222 3pd L2228’
CMS, 1, +ets 152+ 1223223 pd Lot
CMS, all jets —t——— 1392102262 3pb  L.asn’

Efect of LHC beam energy uncertainty: 3.3 pb
lllllllllllllllllll

50 100 150
o

200 250 300 350

£ [pb]

% =172.5 GeV
I scale uncertainty
scale ® POF @ a g uncenainty

ATLAS prel., elu+jets
ATLAS-CONF-2012-149,L =581

ATLAS+CMS Preliminaryo . summary, s =8 TeV  TOPLHCWG

NNLO+NNLL (top++ 2.0), PDF4LHC

July 2014

stat. uncertainty

8 TeV - wmwww

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

J. Broch

241+2+31=9pb

Cifuent

leX O
es

ATLAS, dilepton au, b-tag
arXiv:1406.5375, L_ =203 1"

2424+17+55+75pb

CMS prel., e/u+jets
CMS-PAS TOP-12-006, L_=2.8 o'

228+9'% = 10pb

CMS, dilepton
JHEP 02 (2014) 024, L _=5.3 '

239+2+11+6pb

CMS prel. e!unh
CMS-PAS TOP-12-026,L_=196b"

257+3+24+7pb

) I I l 1

Effect of LHC beam energy uncertainty: 4.2 pb

| I | | I N |

150

250
o, [pb]

350

(all) channels measured to look for the unexpected
— no new physics (ratios would enhance sensitivity)
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Top pair production cross section

3 7e0opTTTTTT T T LI B I ATLAS+CMS Preliminary o . summary, Vs=8TeV TOPLHCWG July 2014
g s000F Vs =8TeV, 203"
Ny 3 wne NNLO#NNLL (top++ 2.0), PDFALHC —  stat uncertainty
P - e Data 2012 My, = 172.5 GeV —  total uncertainty
& 50001 O tt Powheg+PY I scale uncertainty 8 I eV (st (5950 = (o)
- Q.2 2 2
" a000f- = %\Qjets scale ® PDF @ a uncertainty i
E [ Diboson
C Em Mis-ID lepton
3000
- — MCGNLOW
2000 ;— ........ Alpgen +HV+V
1000 ATLAS prel., efu+jets 241+2+31+9pb
e ATLAS.CONF 2012148, 5"
© 0
‘!-U' 1.2 :—
Q S
g ok o ATLAS, dilepton e, b-tag 2424+17+55+75pb
0 20 40 60 80 100 120 140 160 180 200 i 3 " 9 /0 arXiv:1406.5375, L_=20.3 o'
Electron P, [GeV]
CMS prel., e/u+jets 228+9'% = 10pb
..(B C ||||||||||||||||||||||||||:.-_bét-a ------ ] CMS-PASYOP—IZ-OOB.Lmé.BIb"
S - CMS Vs=8TeV,L=5.3fb" mw i
i F [ Non W/z ]
Lfl 800[~ e*y~ channel mSinglet
L Wy i CMS, dilepton 239+2+11+6pb
i W ; -+ (o) :
600+ [ Uncertainty — L - o JHEP 02 (2014) 024, Lﬂl5.3 o
L + . —
400~ ] CMS prel. e/u+r, 257+ 3+ 24x7pb
- ] CMS-PAS TOP-12-026, L_=19.6 1b”
200 __ = Effect of LHC beam energy uncertainty: 4.2 pb
L PR R N T N R N '
150 200 300 350
o 1.4r
|.|>j ~7 - - - e -
) 12‘.-.-0-"""*":6-*"' S o P ."‘-q
(@] 0 i {
% 50 100 150 200
Er [GeV] J. Brochero
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Top pair production at hadron colliders

3
g 1O T ohor otV ey o et T T T
2 — m ATLAS dilepton 7 TeV (L=4.6b") ATLAS+CMS Preliminary Sep 2014 -
c e CMS dilepton 7 TeV (L=2.3 fb’) _
[s) | O ATLAS l+jets* 7 TeV (L=0.7 fb") TOPLHCWG =
° | O CMSl+jets 7 TeV (L=2.3 fb") _
@ = ATLAS dilepton 8 TeV (L=20.3 fb')
n 5 ® CMS dilepton 8 TeV (L=5.3 fb") 1 o
%) L% LHC combined eu* 8 TeV (L=5.3-20.3 fb’) — 5 /
8 10 — O ATLAS I+jets* 8 TeV (L=5.8 fb’) T ' . i n 7 (o)
5 — O CMS l+jets* 8 TeV (L=2.8 fb") [ -
= : * Preliminary 250- : (t h e O)
o
= - [ ] 7
3 200} 11 +3.5%
o 10 [ 11 -
£ ! { ( e )
g=== NNLO+NNLL (pp) 150 T 9] u
&—— NNLO+NNLL (pp) 7 8 |
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 .
=172.5 GeV, PDF rtainti ding to PDF4LHC
1 1 I 1 1 L1 I L1 % I L1 lel I l(-Blaﬁulncr llnl elsalccfrllnglol 1 l 1 1 L1
2 3 4 5 6 7 8 9
Vs [TeV.

— experiments challenge theory again
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Top pair production at hadron colliders

eager to put

3 103_1‘& T T 1 T T T lll1l Illllllllllll'lll]l_ap0inthere\
¥ Tevatron combined* 1.96 TeV (L=8.8 fb) _— -
L= ~ m ATLAS dilepton 7 TeV (L=4.6 fb) ATLAS+CMS Preliminary Sep 2014 -
c e CMS dilepton 7 TeV (L=2.3 fb’) _
() | O ATLAS l+jets* 7 TeV (L=0.7 fb") TOPLHCWG =
O | O CMS+jets 7 TeV (L=2.3 fi")
@ ® ATLAS dilepton 8 TeV (L=20.3 fb™) "
w ® CMS dilepton 8 TeV (L=5.3 fb’)
{2 = LHC combined ey* 8 TeV (L=5.3-20.3 ft’) -4 4 5 7(y
2 E O ATLAS l+jets* 8 TeV (L=5.8 fb") ' ' i LD o
5 — O CMS l+jets* 8 TeV (L=2.8 fb") -
1+ : * Preliminary 250F : ( t h e o )
(O]
2 B i
7))
Z 200} - +3.5%
o 10 1 =
= | 11 (ep)
g=== NNLO+NNLL (pp) 150 1T 4 - u
s NNLO+NNLL (pD) 7 8 |
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 .
2 3 4 5 6 7 8 9
\s [TeV]

— experiments challenge theory again
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Frodo and the ring
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The theorist and the wine
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High precision top physics: theory

J. Winter

3 “revolutions” in phenomenology:

o NLO+parton shower generators full (WWbb)
M. Seidel

@ NLO QCD+multileg LO generators
matched with parton showers

AN W—/-q i§6
AN
q' <’é
O
03

soonh NLO EW+ multileg S. Pozzorini M. Czakon
® NNLO QCD calculations o
3 1
Czakon, Fiedler, Mitov, preliminary 2 1.5 1 —0.5 0 0.5 1 1.5 2

AY
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High precision top: experiment

. - C. Diez
3 *ways to go” in top quark physics: I .?’.“.”.S.f’..,','."..I.’.’..?ﬁ?..‘f’,..ﬁ.‘ .....

0.5F .

® unfolded distributions
A. Jafari

With different generators
. _ azede o | | Model-dependence > 8 28 BRI s zyu:ls

e fiducial measurements =

o =826+ 1.2(stat.') + 11.4(syst.) +3.1 (PDF) + 2.3 (lumi.)

J. Wlnter
® cross sections of final states (e.g. i
WbW(b) cross sections enriched for ooF
double t-resonance, single t- oo
resonance, no-t-resonance o

%0 40 60 80 100 120 140 160 180

— usable, understandable for theorists and e 0eV
experimentalists today and in 20 years...
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The theorist is happy!
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Differential: jet multiplicities

'E 102 T T T ATLASI T T = - . -
= - bata : CMS Preliminary, 19.6 fo'at {s = 8 TeV
g 10 = | O Ciepon Comined@o 006y
S~ 7] ‘_,b L ; Alc :
_8 - S ALPGEN+PYTHIA @, Dowr) - 10F —— MadGraph+Pythia 3
. _ - - MC@NLO+Herwig -
3 3 1 i ---- POWHEG+Pythia ?
; - —
1 0-1 = anti kt R=04 T - 10-1 :E“—’ —;s
, ez - 10-2|§_ (- —J 3
g CFH————F+—+—+5 X: i B
© 10 E [ - =
S i S
3} ) i
-og 11054 E I | | I | : . [ }._E
o Q E ! E
u><-| § 1 /= — ——rr——————— : ____________ :
| | 1 | | 1 a os 3 i N E
3 4 5 6 7 >8 ' 0 i 2 3 4 5 6
njets Jets

— large differences between generators: helps to improve
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Differential: top pr

2 TeV

8 TeV

<=

= T — e — . —_—
- E Diez 0.1 -
g | o ¢~ NLO+NNLL ] o oogk T L MEGNLO
'o -
o, 3| —.— ATLAS | = i * —— approx.NNLO
10°E I B E = - (m_ =173 GeV)
E Ldt=461b E o 0 06 -_ - phy-‘.(:z‘:v.bsz,1uoso(zn1o)
C 4 |s=7TeV ’ 8w URL i --- approx.NNLO
- B ..%‘ : J. High Energy Phys. 09, 097 (2010)
10k / TeV - ©0.04r
: ; b
= ! | b {1} } ==
gﬁ 1;EA_ g=——b—— p— o3 O b . S
g8 F e E 0 300 400
Zl 05t il e
0 100 200 300 400 500 600 700 800 pr? [GeV]
t
PrlCell boosted:
3 CMS, 19.7 fb" at (s = 8 TeV % 10 E_‘ Data
:l LILIL I T I T I LU I LU I LU I LB I LI I LI I LI l: o : n ° ALPGEN + HERWIG
< 8F E < -y
> - e/u + Jets Combined : 2 T &y = MC@NLO + HERWIG
l(_q!i 43 - I:)21t<jaGraph+Pythia E o 1 E S . 4 POWHEG + HERWIG
= 6 | | - MC@NLO+Herwig - K - mAY Y POWHEG + PYTHIA
3= --- Powheg+Pythia ~ 1 = .
O 5 | WM 0 ... Powheg+Herwig B 10 mt
Amlle N Approx. NNLO T E
- (arXiv:1210.7513) - ATLAS Preliminary . .
3 b . 102203 o, s = 8 TeV Ea—.
of Herwig 5'% S
o ] [ ] [ ]
: ENT . » Q15 ° v Y
i 1“reshuffling” S "Rttt
1.60F =
E I Stat. : = 05
. b See sy i helps v
§ g 12 3 300 400 500 600 700 800 900 1000 1100 1200
= 1 et h Particle top-jet candidate p_[GeV]
08 F
0 50 100 150 200 250 300 350 400 450 500

MANCHESTER
1824

p‘T (GeV]

Experimental Summary

— still much softer in data

- Christian Schwanenberger -

TOP 2014, Cannes
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Differential: top pr

(=] AL B L B IR I I~ - — 0.1
3 L " Data 1 C. Diez % %o hg 2-_9rm 2 TeV
S o . [ —@—Data Alpgen
8|-%'_ i == —+— NLO+NNLL ] g 0.08F -.= MC@NLO
o sl .- ATLAS | —a [ —_— approx#l:;ILGOV
- J-Ldt=4.61b" E — [ m,, eV)
r n 8- 0-06 Phys. Rev. D 82, 114030 (2010)
- P (s=7TeV i s - === approx.NNLO
| — %‘ : J. High Energy Phys. 09, 097 (2010)
104k / TeV - 5 0.04}
- 3 =
M | | 1 P TR T I ST SN S AR SRS | | :
4 1.5 T T T LA B N B | ==
=z - ? = B
zl o055 =
~1— still under investigation
¢ +|— important info for MC modeling 3 Tev
= g
9O 75_ — MadGraph+Pythia 3
- 6 | | MC@NLO+Herwig - Q mAY Y POWHEG + PYTHIA
Sa : - Powheg+Pythia = ° .\
© 5F | =y Powheg+Herwig © 107 =
~—|0 P A R Approx. NNLO 3 ©
: (arXiv:1210.7813) : ATLAS Preliminary . L
3F E 20.3 o™, \s = 8 TeV =
- sisim: L 10.2 ’
of 8 TeV Herwig o' é
. P rr {7 = 1) n 15 o © v
i reshufflin S R, e —
OF ' Q |
1.60F =
I Stat. E = 05
~ P = Stgt(BSyst = hEIpS o ‘ ‘ .
§ g 1.2 ;_ T Y 3 300 460 500 600 700 800 900 1000 1100 1200
B 1 S ——— D s Particle top-jet candidate p_[GeV]
0.8 [

0 50 160150260250360350;?0&2\7]00 N Sti" much SOfter in data
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Differential single top: top pr

. CMS Preliminary 19.7 fb™' (8 TeV)
C ° Dlez o AR AR LR RRRELERE RARE AN
k<] N * Data
8 o5k POWHEG (5FS) + Pythia6 1 8 I eV
S - aMC@NLO (4FS) + Pythia8 1
= L CompHEP + Pythiab
0.4_'__ =]
03F .
0.2f i -
s B 1
0.1 =
gl 1.5pTTT T S
020406080100 120 140 160 180 200 220 240
top p, [GeV]
— T —
.g_|q, 1L ATLAS [Ldt=4591" 1s=7 TeV 4 .g_|q, 1F aTLAS [Lat=a59m" 1s=7Tev 1
¢ 0. ® Data L 0. s ® Data ] 7 I eV
S -} stat @ sys unc. S 10 1 -} stat @ sys unc.
-8 o - stat unc. -8 o ] - stat unc.
© 10} — NLO (MSTW2008) - o — NLO (MSTW2008)
% PDF @ scale unc. 102F 7/ PDF @scale unc. =
10° i
102F ] ] ]
.l....l....lj.i‘...l.... PSS PSS AT A B E SN R
(@) @]
- -
zZ Z
s s
a . . . . a . . . 1
0 100 200 300 400 500 0 100 200 300 400 50C
p,(t) [GeV] p.(0) [GeV]

— good description
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Top decay products: pseudo-top

Fiducial phase space: Fiducial phase space:
>=1 b-jet, 1 lepton, >=3 jets, J. Katzy 2 b-jets, 1 lepton, >=4 jets
1 Jet p,>50 GeV, 2"¢ jet p,>35 GeV '

‘ -1
N N | ' AL | L — 1 0 1 I I =
%' 1 ATLAS E o> ATLAS Preliminary E
(O] - —e— Data : Q 8 —&— Data ]
re) N ——— ALPGEN+PYTHIA ) — e sta. © syst. uncort.
Q. bl
= ok _._-o- ou = ALPGENPYTHAG,Up) | 2 |4 - e ALPQEEYTIRA R UF)
- - mem " ALPGEN+PYTHIA fx, Down) 3 3 © 102 R ALPGEN+PYTHIA (z, DOWN)
_g_ - — ALPGEN+HERWIG - ALPGEN+HERWIG ;
- == - - :
E -2 f Ldt=46m" o~ :
10 - 3 = d
7 (s=7TeV 3 ==
: 10° E
anti k, R=0.4 3
10 : = :
nl <25 E Vs=7TeV, 46" 5
4 I+jets ¢ T o soopmssmuston fa=zrer  anas peimeay . =
© 107 E i { = 8 700;_ . ", J 09 1 L =
© E e e %eooé . R ol 8 ) —‘————i—l-————j
Q 1 .5 - - & F g = ot - 2 70'7 © .6 ................... 3 ...................
-8 - ——pirrarrstSt ARSI ] g . 06 ()] 4 I -------------------------------- 3
- L q % : ’ F
g ! i ea > Bz -=
- | 1 ;
> - — o 0.3 E
X 05 o2 3 0.8 E
| | § 01 L 0% 1 ] 1 E
& 200 400 600 800

100 200 300 400 500 600 700 800

Ieading jet pT [GeV] Particle-level had pseudo-top-quark [ [GeV] Hadronic pT(t) [GeV]

— reconstruct tops on particle level
— very valuable for theorists today and in future
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Top Quark Physics Topics

Electroweak
Physics

g
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Single Top Quark Production

direct measurement of |V |
( \ " ¢ q' q b w
Vie Vus Vb w w 2
Vekm =(Vea  Ves Vi b t
\\/td \/IS th ) q' b g ; g t
Tevatron LHC (7 TeV)
B t—channel B t-channel
B s—channel B s—channel

otW OtW

= important to measure all channels separately to search for new physics
BUT: do not separate Wt in higher orders -an unphysical question!
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Single Top s- vs. t-channel

q q M. Ronzani
w
t g FCNC
b -8_3 5Z_Single top quark, Tevatr L <9.7fb"
g . _§ m QMe?surement q q
o COFCNC?
@ 2.5 p OFour gen?
5 T e 3 OTop-flavor*
— F .4
qé 2:— ATop pion
© -
S 1.5 q t
- w
C t ~ "pp 81: 054028, 2010; PRD 83: 091503, 2011 1 S.d.
+ ” PRL 99: 191802, 2007 2 S d
(1 |- 3 EPJ C49: 791, 2007 BN _
- - “PRD 63: 014018, 2001 | | | 3 S-Id- q’ b
00 05 1 15 2 25 3 35
5 5 s-channel cross section [pb] - 0 bse rved !

= important to study production channels separately
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Single Top s- vs. t-channel: Run-II

q q P. Silva u,c
w /
¢ 200 PR 63,(2000).014018 g FCNC
b = 0 FCNC 2= :
380 — -] — _—
’ b 360 4¢h generation |v,|=0.55,|V,[=0.835 9 9

(extreme values allowed w/o CKM unltarlty)

* i
o 320 | -
& B N
o 300 —]
ag0 [ Top-flavor -
M,=| TeV sen2=0.05 - 9 t
260 - W+

+ .

Top-pion
GeV, t,-c;, mixing~20% q b

C t om0 [ .
5 5 S, (vb) — observed!

lIlllllllllllIIlllllllllIllll[llll
10 15 20 25 30 35 40 45 50
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Fiducial t—-channel cross section

A. Jafari

| ATLAS Prellmlnary I L dt 20 3 ﬂ:>1 s-8 TeV ' A'TLAS Prelummaw ' ' | Lat - 20.3 fb"‘ \s=8 T'ev
ATLAS result Data corrected with
[stat. @ sys. [Jstat. acceptance correction from: NLO+NNLL (MSTW2008)

Predicted fiducial cross-section: | .

aMC@NLO(2—3)+Herwig - iMC@NL0(2—>3)+Herwug .
Powheg(2-3)+Pythia6 2 owheg(2->3)+Pythiaé 3
Powheg(2—-3)+Pythiag g POWheg(2—>3)+Pyth!a8 5
Powheg(2—2)+Pythia6 5 | Powheg(2-2)+Pythia6 a
AcerMC+Pythia6 n=172.5 GeV : AcerMC+Pythiaé p=172.5 GeV . ..;.
AcerMC+Pyth|a6 u=60 GeV AcerMC+Pythia6 p=60 GeV i

1 | L 1 | | R |I

15 ..2.. 25 .3 - = ST R ey
/ S, [pb]
NNLO q q

F. Caola

o

— good agreement with SM predictions
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Single Top Wt Cross Section

ATLAS+CMS Internal TOPLHCWG September 2014
Data 2012, s =8 TeV, m = 172.5 GeV

------ NLO+NNLL (arXiv:1210.7813) A. Jafari

MSTW2008,,, o — stat. uncertainty
I scale uncertainty — total uncertainty
scale @ PDF uncertainty
o,y t(stat) t(syst) x(lumi)

ATLAS, L =20.3 b Uncertain
ATLAS-C(IS;\I F-2013.400 27.2+19+43+08pb Source %) (I;[g)
Data statistics 55% | 1.4
CMS,L =122 Simulation statistics 1.8% | 0.5
PRL 11;“(2014) 231800 234+19+46+06pb Luminosity 27% | 0.7
Theory modeling 158% | 4.0
Background normalization 23% | 0.6
LHC combined (Sep. 2014) 250+ 1.4+44+07pb Jets 53% | 1.3
ATLAS-CONF-2014-XXX, Detector modeling 49% | 1.2
CMS-PAS-TOP-14-009 oot of LHC be i 038 0b Total systematics (excl. lumi) | 17.5% | 4.4
e N .eT ° " la:“l°’:°:9‘; “l""fla'l"‘ly'l ) l”l Total systematics (incl. lumi) | 17.7% | 4.4
0 10 20 30 40 50 60 70 Total uncertainty 18.6% ) 4.7

O,y [Pb] —

— observed!
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Single Top Quark Cross Section

ATLAS+CMS Internal TOPLHCWG September 2014

Data 2012, s =8 TeV, m = 172.5 GeV

------ NLO+NNLL (arXiv:1210.7813) F. Caola
MSTW2008,,, o — stat. uncertainty

",

| I Effect of LHC beam energy uncertainty: 0.38 pb o Mﬁa—ﬂad—lmﬁ.%ﬂo,] 4.4
= measure WWb cross section [&2LY

(single resonant enriched)
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Single channel cross sections

Tevatron single top quark summary

Cross section [pb
Jsssuremert o Vie Vis Vio
CDF - 1.36 0% e Vekm =(Vea  Ves Vo
PRL 112, 231805 (2014) : -0.32 v v V
DO : 1.10 +0.33 o ; td ts tb 9
PLB 726, 656 (2013) ;! -0.31 t/¢ :
Tevatron : +0.26 ) = [ —
PRL 112, 231803 (2014) g—._‘ 1 29 -0.24 O b S e rvat | O n o
t-channel: : ¢ . |th| =0.998i0.041 i4.1/)
CDF : +0.38 | | o
CDF-CONF-11033 (2014) > 1.657 56 » th >0.92 @ 95%CL
DO E o +0.54 ¢
PLB 726, 656 (2013) § 3.07 -0.49 , a LA I O B L S Y L O B I B
Tevatron —o— 2.25%029 7 5 & ATLAS +CMS Preliminary ~ TOPLHCWG Sep2014
) : ' | Single top-quark production
SEtDF E 9 P9 P B ATLAS t-channel 7 TeV arxiv:1406.7844
H CMS t-channel 7 TeV JHEP12(2012)035
—— 3.02 +0.49 : ATLAS Wt prod. 7 TeV pLB716 (2012) 142
CISDF'CONFJ 1033 (2014) : -0.48 10° — ® CMS Wt pr(':))(":l(.)7TeVePRL110:20(I§)102;;03 -
PLcB)726 656 (2013) ; *—4.1 ﬁg:gg q q M e hannel 7 TeV, 95%C.L- 1
; .52 - anne! - CONF-2014-007, |
Tevatron —e—  3.30%% i SR o ST R el
' b — H m ATLAS Wi prod. 8 TeV ATLAS-CONF-2013-100 |
1 — g . O b s e rvat l O ® CMS Wt prc’:crf8TeVePnL1'1.2(2o14?23?2;: o
0 1 2 3 4 T v ATLAS s-channel 8 TeV, 95%C.L. n
. arXiv:1410.0647
i1 Theory (NLO+NNLL CrOSS section [pb] b w v CMS s-channel 8TeV, 95%C.L. _
i CMS-PAS-TOP-13-009
*' PRD81 %54028 (2010), PRD83 091503 (2011) m,=172.5 GeV b o
* kﬁ'ﬁs‘ﬁ‘oﬁ‘é'?é"f’poa"'°"’ BTeC\!/MS PAS-TOP-14-009
X -2014-052, CMS-PAS-TOP-14-
u ] ] g t
10 ]
th I S I S the ﬁ nal Wo rd ~— NLO+NNLL PRD83(2011)091503, ]
PRD 82 (2010054018, PRD 81(2010) 054028 -
I scale © PDF ® o, uncertainty —
from the Tevatron! I e N
w* = s-channel —
. 1 1 1 1 1 1 1 1 I 1 1 1 1 [ 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 | -
q b

MANCI—I]I_',\; I 12128

' 7 7.5 8

— all production modes observed!
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Search for ttZ and ttW

g ‘ T.V. Schroeder ¢ t
V4
t
FSR ISR
-4 t q w

trilepton: same sign dilepton:

195 fb' (8 TeV)

lllllllllllll T T[T T T[T T[T T T [T rrr[rrrr[rrrig

%)
’g B | l ! ] S 30 _ATLAS Prelnmlnary eData Wiz ]
S 18 — CMS - Observed . o N miiw  gzz
O - [ iz . o5 L=203fb" 1s=8TeV nwz [ Other_]
N N ] u LHTH tz
16 |- 1 dw , - u W MisiD lepton
B . Irreducible h 20 -
14 - [ Non-top-quark ] 7 .
[ Misidentified lepton | 15 -
12 S — Backgrounds — >
# BG uncertainty 10
10 =
8 .
E 2 L o) 2r ]
6 ] o - ;
B i o 1.5F =
. s B //}////// /A’/// g
4 T . © ZL L, //4{ TIII000000007 A
T Trrrr 7 A ¢ () = 3
ffiffff ffff/ffn‘l’.d.’ll{f’_ JJJJJJJ fj‘;.{:ff};.;éj;‘;;; 0.5: ..... ;
SRZb1j4 SRZb2j3 SRZb2j4 SRWL3 SR2uSS
0 < = = >
Total (mp)u (up)e (ee)u (ee)e ttZ ttWw
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Evidence for ttV production

T.V.

Evidence for ttZ and ttw!

ﬁ K T T I L} T 1 L) l |
] A TLAS 'Pr * ATLAS Best Fit i
= > . —— ATLAS 68% CL —
o IL dt=203fb . ATLAS 95% CL 7
B s = 8 TeV s NLO calculation* —
15 tiZ Theory uncertainty |
~ NN .. NN\ tiW Theory uncertainty |
s R R sy, 7
7/ X/ /7L / 7/ /
1 '_/;i / 7 /) //,7/ —l
Z A 7 N 7% -
[ "/ '/ s / s/ 'Y —
05 -
0 — % * Campbell(2012) Kardos(2011), Garzelli(2011,2012) ~_|

L I 1 1 1 1 l L 1 &\ 1 ' l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l ' ' 1

0 0.5 1 1.5 2 25 3

MANCHESTER

6/ g, (ttW)

Schroeder

Evidence for ttZ!

CMS Preliminary Vs=8TeV,L =195
g [ % + 2-d Best Fit
2ot / — 68% Contour
500— / —— 95% Contour
B — 1-d Best Fit
_//-— == 1dtiz=10
= — 1dttW=z1o
400 e ttZ Theory
N s ttW Theory
300
200
100 /Z
0 1 I 1 1 IM 1 1 L I 1 L 1 1 I 1 1 L 1 I 1 1 1 1 l
0 100 200 300 400 500 600
Oy (0]

— in agreement with the SM prediction
(tty also in agreement with SM prediction)

— observation and studies in Run-ll
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Top Quark Physics Topics
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b-JES

M. Seidel M.J. Costa 19.7 o™ (8 TeV)
N C T - T T T T T ] o 105
5 1.08¢ ATLAS simulation 2} 104F CMS E
2, 06:— \s= 7 TeV Anti-k R = 0.4 truth b-jets Il <2.5 ] _& " F Preliminary .
= F ] G 1.03F- :
V1.041 E 1.02F 3
1.02 :_=#=_I_—*—:i; B 1.01E =
N - = - —J-— : ;
- l—z 1E | l ]
0.98¢ - 0.99F + =
0.96F - 0.98 3
0.94F . . 3 E
o, gg::ﬁ hPAIgg)?:ESSOR ] 0-97E" ICorr = 0.998 - 0.004(stat) = 0.004(sys)|
0.92E . pyTHIA BOWLER MODIFIED E 0.96F e
L Lo ! L | 095:.|...|...|...|...|...|...|...|...|...§
102 103 ) 20 40 60 80 100 120 140 160 180 200
pj;_at (GeV] Z boson P, [GeV]
Specific b-JES uncertainty evaluated NEW determination of b-jet
by comparing MC samples with energy corrections using Z+b
different fragmentations and B- events exploiting the p1 balance
has:lron decays, and cross checked of the b-jet and Z- boson
using data

— used across physics groups
— top group motivated ATLAS-CMS comparisons
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PDF uncertainties

gg luminosity at LHC (s = 7 TeV) M. Seidel
—~ 12 M) BT I LA
3 115 —— MSTWO08 NLO
2 5% CTEQ6.6
8 1.1 <o CT10
~ -+ NNPDF2.1
Q 105 T £
Z 1] \\\\\:E %
s | T €
\ NS
& .05 S AN I
. ) DT INR S
= : |
‘,E, 0.9 || \ T
9 0.85_ Fb \ TH
.-lg 0-8 C : : ] 12§U 1&) l21§I()l J— e \\ .
g 103 102 'm,(Gev) tt 107
arXiv:1106.5788 sS/s

— let’s be complete as possible (LHAPDF?)
— can we be more efficient
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Tools for boosted tops

HEP Top Tagger

Mass drop A
decomposition /' s”

Loop over all

. _ combinations of
® e ge @0 3 mass drop
e Lo’ subjets
Te * —_—

Recluster with
Jeoe \Ra=min(0.3,ARmin/2)
.

the 5 leading
subjets

M. Backovic

E. Usai

Pick the combination

with filtered mass
closest to the top mass.
Recluster to force 3
subjets

Apply kinematic cuts
CMS Simulation s =8 TeV

1.2F gﬁ';?;g’;gi CMS-PAS-JME-13-007
[ p,>300 GeVic
1— i simulated with MADGRAPH

Y0204 0608 1 12 14
atan(mm/mw)

140 < m(jet) < 250 GeV

improvements:

e lhood based b-tagging
e inclusive vertex finder

. LL L]

1 CMS Simulation Preliminary (8 TeV)
—~ llllllllllllllllllllIIIIIIIIIIIIlIIIIIIIIlllI ...... T
8 - CAR=1.5,200<p <400 GeV/lc .= 77
g I | — Fat jet IVFCSV
e " .- Subjet IVFCSV
= | - Fat Jet CSV (*) .
B0 -Subjet CSV (* ) - _
= - " é@
- i o (?(
2 | §b
o) Q
4y -2 - —
.Q1 0 - /)’0 ]
9 : L] -
S medium boost
O N
D i *BTV-13-001 CA15
210-3 I-:".I'.I[IIIIIIIIIillll’lIII!IIIIIII|I!IIIII|III1IIII

0 0102030405060.70809 1
Tagging efficiency (high mass tt)

— impressive progress moving from R&D to performance testing
— essential for searches for new phenomena

MANCHESTER
1824
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Top tag efficiency

E. Usail
8 TeV

- CMS

) | Simulation Preliminary

HEP Top Tagger

HEP + 1'3sz

HEP + 1,/T, + sub. b-tagl

Mistag Rate
2

MultiR HEP Top Tagger

Lyl
7

HEP WPO

-
o
[

op

(O  HEP Comb. WP1
[] HEP Comb. WP2
A

HEP Comb. WP3

10
/ Matched parton

p.> 200 GeV/c

0 0.1 0.2 03 04 discussion:
Top Tag Efficiency o pr dependent

e how are uncertainties?
e dependent on MC generator?

10°
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LHC combination overview

Overview o(tt) [pb] a(t) 8 TeV [pb] G. Cortiana
(Sept. 2014) 7 TeV | 8 TeV t —ch | tW

value 173.3 241.4 85.3 25.0

statistics () 2.8 (0.08)°° 1.4 (0.03)%° | 41 (0.11)%° 15 (0.10)X°

MC model/ theory 49 (0.23)°** 4.1 (0.23)** 7.7 (0.40)** 4.0 (0.72)**
Detector model () 46 (0.21)°*° 2.7 (0.10)*° 55 (0.20)** 1.2 (0.06)**

JES/Jets (®) 2.1 (0.04)°° 1.7 (0.04)** 4.5 (0.14)*° 1.3 (0.08)*°
Background 2.3  (0.05)** 2.3 (0.07)** 3.2  (0.07)** 0.6 (0.02)*°
Luminosity 6.3 (0.39)** 6.2 (0.53)** 3.4 (0.08)** 0.7 (0.02)**
Total uncertainty 10.1 8.5 12.2 4.7
Relative unc. [%] 5.8 3.5 14.3 18.8
Best single meas. 182.9 £ 6.3 242.4 £ 9.5 83.6 £ 7.8 272 £ 5.8

arXiv arXiv JHEP ATL-CONF
Ref. (ATLAS, CMS)

1406.5375 1406.5375 06 (2014) 090 2013-100

Overview miop [GeV] W polarization Ac
(Sept. 2014) Fo | Fr,
value 173.29 0.626 0.359 0.005
statistics (%) 0.24 (0.06)°° | 0.035 (0.35)°° 0.022 (0.38)°° | 0.007 (0.61)*°

MC model/ theory | 0.59 (0.38)** | 0.034 (0.33)** 0.019 (0.30)** | 0.002 (0.07)**
Detector model (1) | 0.32  (0.12)*° | 0.020 (0.11)*° 0.011 (0.11)*° | 0.004 (0.21)%°

JES/Jets (®) 0.61 (0.42)** | 0.020 (0.11)*° 0.012 (0.12)*°

Background 0.09 (0.01)** | 0.019 (0.10)*° 0.010 (0.09)*° | 0.003 (0.11)**

Luminosity

Total uncertainty 0.95 0.059 0.035 0.009

Relative unc. [%)] 0.5 9.5 9.7 181

Best single meas. 172.22 £ 0.73 0.659 £ 0.027 0.350 £ 0.026 0.006 £ 0.011

CMS-PAS-TOP CMS-PAS-TOP CMS-PAS-TOP JHEP

Ref. (ATLAS, CMs) 14-001 13-008 13-008 1402 (2014) 107

R

— driving force to agree on systematics, tools and methods
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Top Quark Physics Topics

Properties
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Top mass at the Tevatron

0
Mass of the Top Quark
Py 1-tag. 4 jets Vo Sharyy —
% ) July 2014 (* preliminary)
§ 150 i e Data 7 _
O] 2 CDF-I dilepton - 167.40+11.41 (£10.30+ 4.90)
(D) it
[{e] N .
= ' Bl 5ackground DO-I dilepton ¢ 168.40 +12.82 (+12.30+ 360)
(/2]
-— o * Pt
§ CDF-II dilepton 170.8043.25 (+183+269)
Ll Z
f/ DO-Il dilepton 174.0042.76 (236 1.44)
I -
. — —
o 100 200 300 400 1 1 (y CDF-I lepton+jets 176.1047.36 (£5.10+ 5.30)
reco 2 + . P N—
— _mi™” (GeVieT) — " 0 DO- lepton+jets 180.1045.31 (£3.90+3.60)
Mtop = 173.93 + 1.64 (stat+jES) + 0.87 (Syst) GeV CDF-II Iepton+jets e 172.85+1.11 (20524098
Precision: 1.1% ) >
01.05 DO-Il lepton+jets 174.94+0.76 (£0.41:064)
w - t(a) D@ 9.7 fb'" | i
X 1.0a- l+jets - CDF- alljets 186.00+11.51 (210.00% 5.70)
. F N : CDF-ll alljets * 172.47+2.07 (£143+1.49)
1.03; E CDF-Il track ¢ 166.90+9.46 (9.00+290)
i -
1.02- ; :g . CDF-Il MET+Jets 173.95+1.85 (£1.35%1.26)
. 38D - : : Tevatron combination * ] 174.34+0.64 (:037+052)
1 -01 N 7] , (+stat + syst)
'm,=174.98 £ 0.58 GeV - - x2/dof = 10.8/11 (46%)
kyes =1.025 £0.005 ] | I | I | |
172 173 174 175 176 177 150 160 170 1130 190 200
(o) (GeV/cr)
m, [GeV] +0.44% M

Mgy = 174.98 = 0.41(stat) £0.41(JES) £0.49(syst) GeV QOOd a'g ree me nt
P ———YE between all channels...
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Top mass at the LHC

e
Vs=7 TeV

8 soof'[ . 3
(= - J Ldt=46"fb e Data 7 —————
% 700F m -1725GV ATLAS 2011, all-jets 175.1 = 1.4 = 1.2 GeV
.g 600k ATLAS I Multjet background , / arXiv:1409.0832, 4.6 fb™! (value = stat = syst)
5 3 Uncertainty E CMS 2011, all-jets T 1735 :07 +1.2GeV
500 EPJC 74 (2014) 2758, 3.5 fb" (value = stat = syst)
4002_ CMS 2012, all-jets 172.1 =+ 0.3 = 0.9 GeV
2 PASTOP-14-002,18.2fb" ..l (value = stat = syst)
3001 ATLAS 2011, lepton+jets R NN 172.3 +0.2 + 1.5 GeV
200F- ATLAS-CONF-2013-046, 4.7 fb" (value = stat = syst)
: CMS 2011, lepton+jets T 1735 :0.3 = 1.0 GeV NEW
100 JHEP 12 (2012) 105, 5.0 fb™ (value = stat = syst)
0 CMS 2012, leptonsjets — 172.0 = 0.1 = 0.8 GeV at
g 12 T PASTOP-14-001,19.7f6" (value = stat = syst) TOP2014
3 M ﬁ%éi;;;mf. :9:;;?#;: iif{;&#{.f.;ll;#&; 1 ATLAS 2011, dilepton T 173.1:06 = 1.5GeV
s odf * ¢ * “ ¢ ATLAS-CONF-2013-077, 4.7 fb" (value = stat = syst)
S "UH% T8 2 22242628 3 3234 36 CMS 2011, dilepton 1725 + 0.4 = 1.5 GeV
e Rys EPJC 72 (2012) 2202, 5.0 fb" (value = stat = syst) /
22351 cvents CMS 2012, dilepton y 172.5 + 0.2 = 1.4 GeV
m, =175.1 % 1.9 GeV (1.06%) PAS TOP-14-010, 19.7 fb"' (value = stat = syst)
U CMS 2012, dilepton - 172.3 = 0.3 = 1.3 GeV
PAS TOP-14-014, 19.7 fb™ (value = stat = syst)
- CMS Preliminary, 19.7 b, \s = 8 TeV, l+jets X‘ﬁ’;'g ggg’lgmsatli)oon 2014 —— (1‘,1!'3“.2 :sg.tS 1;)?3.5 GeV
L - Z+Jets s 1 s = B3
(05) 12000 B = :_ comeet = Wa+lJets ] Il I 1 1 1 1 I 1 1 | 1 I l 1 1 1 I | 1 1 1 I 1 1 I
2 0000k s “: - I single top ] 160 165 170 175 180
2 B unmaic ® Data b CMS  Preliminary 19.7 b (8 TeV) -
S o Lo : m, [GeV
S 8000 4 d:> 9000/ =grell Yan
e | g I ~ S '
E 6000 g : o = Uncertainty
4000} 6000
2000: 4000
O O T ' I T ' T ' ' i 2000
L el . good ag
E T i | ood agreement
o 0.5t YRR RN SO SOU NUUUUS TOUUNS TUUN SV SHOUN OO OO WO O o1|r|w|r|||||v|vuw|1|[\Hl‘!v|rj\('|r b II h I
o et gl ] etween all channels...
28750 events m . :
= + 100 150 200 250 300 350 400 450
m, = 172.04 + 0.77 GeV (0.45%) 66092 events AV mass [GoV] E S h l . k
JSF=1.007 +0.012 + O 4 5 % m, = 172.47  1.41 GeV (0.81%) ° C 1 ec au
— | |
= NEE 0@ [T ROYAL
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Top mass world combination

Y. Peters

Tevatron+LHC m,,, combination - March 2014, L_ =35 fb'-8.7 "

_ ATLAS + CDF + CMS + DO Preliminary
CDF Runll, l+jets

iy ———t = 172.85+1.12(0.52+0.49+0.86)
COF Runi, diiepton oo ., 17028 +3.69(1.95  +3.13)
COF Runw, o s - et 8 172.47 +2.01(1.43+ 095 1.04)
CE‘_T}:T"' B Hets P r——— 4 173.93 + 1.85(1.26+ 1.05+0.86)
D_?_F*;’G",:_'.' Hjoe Py 17494+ 1.50 (0.83+0.47+1.16)

DO Runii, di-lepton

L =530

ATLAS 2011, l+jets

L ad?h — e = 17231+ 1.55(0.23+0.72+1.35)
Aﬁﬂ?j"”- dHepton —_— — 17309+ 163064  +150)
C":"ifgﬁ - Hets _—— 173.49 + 1.06 (0.27 + 0.33+0.97)
i —_— — 17250+ 152043  +1.46)
e _— = 17349+ 141069  +1.23)

World comb. 2014 %, °¢ =4 =0t = 173.34 +0.76 (0.27 + 0.24 + 0.67) =+ 0.4 4%
25 TevatonMarch2013®unt) —e—a 173.20 + 0.87 (051+ 036+ 061)
538 e September 2013 b= 101 =i 173.29 + 0.95(0.23+0.26+0.88)
- 1 1 1 total (stat. LJES syst)
165 170 175 180 185
Myop [GEV]
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What mass do we measure?

L o=~ F My (1+ 2)...

S~

» LO QCD: free parameter top
> NLO QCD: dependent on the renormalisation scale M
X W VT PR "

33 ‘ Wu,wc‘fm_sa %Im‘®
klmma,&'se.ol panawwlw a;DQCD;

_gs (M), M, (M), Mym), m(H] MC(H))‘MG(H)
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What mass do we need?

A. Hoang 178
> 176
o |
g |
2 |
Emb -
o, - L.
g _
) L .
e we measure the MCmass g o} . oo
14 Stability -
e we need the pole mass o
120 122 124 126 128 130
e we need to calculate: _ _
Higgs pole mass M, in GeV
Scheme-dependent
MC quark AL/ ~O(1 GeV)
my = my +
e every MC generator mass can can
e.g. pole mass correspond to different pole mass

c AER [0l THE ROYAL
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Top Quark Pole Mass

350 .u‘!‘l LI I L I LI ] L ] LI I L I L I UL l T

Imany alternative measurements |

—— MSTW 2008 NNLO

—— CT10 NNLO

—— NNPDF2.3 NNLO
O \s=7Tev,46m"

\s=8Tev, 203"

-~
oo
s
ate
s
“se
v
s
“ve
v
aoe
“ne
s
“ne
e,
L

o
-~
-
~
-
-~
.
ate
ate
Sate
.
-
b3
.
-
-

2501,

Cross-section [pb]

tE s
3
a3e
“3s.

200
150:_ .....................
100-1|||11111||11]|11||||||||||||||||||||_
164 166 168 170 172 174 176 178 180 182
m ™ [GeV]

mP°'® = 172.9722 GeV (/s = 7/8 TeV)

— pole mass
unambiguously!

S. Adomeit

MANCHESTER Experimental Summary

- Christian Schwanenberger -

tt+1jet: differential cross section

datf+1—jet

pole 1 pole
R(m = m
( t 7ps) Ott+1—jet Ps ( t ,ps)
2mo
= mgo = 170 GeV
Ps = o 0
Aw 45_ T T T T T T T T T T T T |
Q - ]
§_ 4 ATLASInternal ¢ Data -~
g F ff+1-jet, m™ =170 GeV 3
? 35 \s=7 TeV, 4.6 fb1 = J :)ole =
C tt+1-jet, m =180 GeV I
3 —
25— ¥ =
2f- S =
1.5 —
= -+ =
0.5 —
- immmmmEemees """""'L
OF 1 ' 1 ] 1 1 L l 1 1 1 l 1 1 1 l 1 1 1
0 0.2 0.4 0.6 0.8 1

is it really the pole mass?
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CMS top mass combination

top mass crisis?

19.7fb" (8 TeV) + 5.1 tb™ (7 TeV)

CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

175.5 + 4.6 = 4.6 GeV
(value = stat + syst)

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb™

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb™

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb™'

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™!

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™'

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb™'

CMS 2012, dilepton
PAS TOP-14-010, 19.7 fb™

CMS combination
September 2014

[ | 1 |
e
— e
e
————
——
——
—_—
——

173.1 =+ 2.1 = 2.6 GeV
(value = stat = syst)

1725 + 0.4 + 1.4 GeV
(value = stat =+ syst)

173.5 + 0.4 = 1.0 GeV
(value = stat = syst)

173.5 + 0.7 = 1.2 GeV
(value = stat =+ syst)

172.0 = 0.1 = 0.7 GeV
(value = stat + syst)

172.1 + 0.3 = 0.8 GeV
(value =+ stat =+ syst)

1725 = 0.2 = 1.4 GeV
(value = stat = syst)

172.38 = 0.10 + 0.65 GeV
(value = stat =+ syst)

Tevatron combination
July 2014 arXiv:1407.2682

World combination March 2014

ATLAls, CDF, CMS, DO
L L1 1|

—

174.34 = 0.37 = 0.52 GeV
(value = stat + syst)

173.34 = 0.27 = 0.71 GeV
(value = stat =+ syst)
I N | | [

165

170

175

180
m, [GeV

e discussions about JES, b-]JES, other systematics
e differences between CMS and DO to be understood during combination

MANCHESTER
1824

Experimental Summary

- Christian Schwanenberger -
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DJ l+jets, 9.7 fb!
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| am just speculating...

19.7fb" (8 TeV) + 5.1 tb™ (7 TeV)

E. Schlieckau

top mass crisis? CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

175.5 + 4.6 = 4.6 GeV
(value = stat + syst)

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb™

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb™

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb™'

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™!

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™'

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb™'

CMS 2012, dilepton
PAS TOP-14-010, 19.7 fb™

CMS combination
September 2014

Tevatron combination

[ | 1 |
»
——
T
g

——
——
———

— o

173.1 =+ 2.1 = 2.6 GeV
(value = stat = syst)

1725 + 0.4 + 1.4 GeV
(value = stat =+ syst)

173.5 + 0.4 = 1.0 GeV
(value = stat + syst)

173.5 = 0.7 = 1.2 GeV
(value = stat = syst)

172.0 = 0.1 = 0.7 GeV
(value = stat =+ syst)

172.1 + 0.3 = 0.8 GeV
(value =+ stat =+ syst)

1725 = 0.2 = 1.4 GeV
(value = stat =+ syst)

172.38 = 0.10 = 0.65 GeV
(value = stat + syst)

174.34 = 0.37 = 0.52 GeV

July 2014 arXiv:1407.2682 =g~ (value = stat = syst) DQ I +j ets 9 7 f b -1
World combination March 2014 @ 173.34 = 0.27 = 0.71 GeV y ==
ATLAS, CDF, CMS, DO (value = stat + syst)
| | | | | | | | i | | | i | | | | | |
165 170 175 180

A. Hoang m, [GeV
e each MC mass can shift by up to A=O(1 GeV) to QFT mass
e WbWb off-shell effects: can move <mpp> by O(1 Gevg

. Winter
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| am just thinking...

19.7fb" (8 TeV) + 5.1 tb™ (7 TeV)

. . | | | | | I I [ | 1 | I | I | | I | | E ° SChlieCkau
top mass crisis? CMS Preliminary

CMS 2010, dilepton 175.5 + 4.6 = 4.6 GeV
JHEP 07 (2011) 049, 36 pb™ (value = stat = syst)
CMS 2010, lepton+jets o 173.1 =+ 2.1 + 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat = syst)

CMS 2011, lepton+jets

JHEP 12 (2012) 105, 5.0 fb™ (value = 6

CMS 2011, dilepton 1725 + 0.4 + 1.4 GeV “‘
EPJC 72 (2012) 2202, 5.0 fb” (value = stat = syst) ‘ “

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™!

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™

1725 = 0.2 = 1.4 GeV
(value = stat = syst)

Y 172.38 = 0.10 = 0.65 GeV
. ‘\“ et oo JORNN  Bvalue = stat : syst)
*‘ \ vatron combination 174.34 = 0.37 = 0.52 GeV

e July 2014 arXiv:1407.2682 _._ (value = stat + syst) Dz I +j et S , 9. 7 fb - 1

World combination March 2014 @ 173.34 = 0.27 = 0.71 GeV
ATLAS, CDF, CMS, DO (value = stat + syst)
| | | | | | | | i | | I i | | | | | |

165 170 175 180

A. Hoang m, [GeV
e each MC mass can shift by up to A=O(1 GeV) to QFT mass
e WbWb off-shell effects: can move <mpp> by O(1 Gevg

. Winter
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Top mass at ILC

S 1 -4 T T T T T T 1 1 I 1 1 1 I I 1 1 N F ) Simon
[} it threshold - 1S mass 174 GeV g
12 - TOPPIKNNLO = ISR only .
§ N CLIC350 LS only — CLIC350 LS+ISR i
N ‘4> i
0 (V. Yu Qs i
%) . .
o) 0_8 ﬁ ......... ¢ ................... ._.:
o i v 3

-
-y =
.......
...............

o
(o)

O
»~

lll]llllllllllllllllllllll

0.2

AL o
e®.®
,O‘o “\‘
et W
asS et L0l I
- .
vt ‘ :I ‘ :

-.-‘-"‘
l 1 | 1 I 1 1

345 350 355
\'s [GeV]

I 1 1 |

— well-defined top mass with ~O(100 MeV) uncertainty
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Polarisation and Spin Correlation

_ 042 10°
3' o4 CMS Preliminary, 5.0 fb" at /s =7 TeV t x YT — v
T ossf - ' oy I det:d.Gfb" (s=7Tev -~ ftilnocorr)
.8 - @2 -+ data

0.36 g - ""jels @ background
=} s S ook
= 034f 3 0

0.32f

. I=" =9 - l+jets ]

024E- ~— Result of the fit t —
= . _smew | —spins of tt pairs: —_—
T T E e correlated as in SM g e S—
. L 0.95+ illeseser
— no chromomagnetic dipole moments o o5 1 15 2 25 3
A¢ (1,b) [rad]

R. Hawkings o ATLAS a"‘;nfjgg R o2 i

G. Cortiana s fs=7Tev -

04 F .

T.V. Schroeder : |

0.35 |- ¢ ]

] 0.3 _ < Data _

. h - NNLO QCD ]

- 0.25 - — Unitarity boundary ]

/ :lIlllIlllIAlIIAlIllllllllllll_‘

-1 -0.8-06-0.4-02 0 0.2 0.4 0.6 0.8 /1 05 055 06 065 07 0.75

cos 8(¢7) Fo

— top quarks unpolarised — W polarisation as in SM

[l THE ROYAL
MANCHESTER Experimental Summary - Christian Schwanenberger - TOP 2014, Cannes 60 ﬁl‘v’SOCIETYJ

EIERRATING 2ENVEAR




Polarisation and Couplings

2001 + ynfolded data y
L I generated (POWHEG)
“2generated (CompHEP)

100

CMS preliminary (s = 8 TeV, L = 20 i

A =0.42 + 0.07 (stat.) = 0.15 (syst.) -

— top polarisation as in SM

s 3 b s 4 4 4 2 2 3 PR R S
-0.5 0 05 1
cos 0*

150

T e e e e
N . i ®  ATLAS dana

! [ ATLAS Prefiminary

© 250 2jots 1bjot muons S ¢t

5 E | Lat=asem’ el

& 200 \s.7Tev S S, Chosen

e - S WG St + musktjet e
'8 b

o

o

. B ettt .‘-_f

Data/Predict.
T
i

—

MANCHESTER

- 1
-1 -0,

8706 04 02 0 02 04 06 08 1
cos o

no CP-violation

Experimental Summary

A.

ql

Jafari

o

- Christian Schwanenberger -

CMS preliminary,\'s = 7 TeV, L = 5.0 fb”

a> 140
- - [ 95% CL observed
= [ 68% CL observed
1.3
- ~ 95% CL expected
12 - —— 68% CL expected
1L1E "\_.
y
I
09 __— T
08 ="
0.7—
06:....\\.\.I....I\\\.I....I\\\.
-0 0.05 0.1 0.15 0.2 0.25 0.3

¢

— no anomalous couplings
— global analysis in the future

Zhang

CMS 19.7 o™ (8 TeV)
0.35—
i o
(
\
L \
0.3+
-
T
005 * Data,
- [+ 10 stat. unc.
- — Syst. unc.
| —— Total unc.
02 * SM pred. eros1(2010)
1 | 1 1

51776683 IO!TIFI '

P BT
0.75

0.8

— W polarisation as in SM

TOP 2014, Cannes
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Polarisation and Couplings

CMS preliminary (s = 8 TeV, L = 20 i

A =0.42 + 0.07 (stat.) £ 0.15 (syst.) -

~ * unfolded data
. I generated (POWHEG)
72 generated (CompHEP)

100}

q1 -0.5 0 0.5 1

. . cos 0*
polarisation as in SM

T

— top
- e
- ATLAS Preliminary
250 2 jots 1b-jet muons
- | Ldt=466M"
T 1se7TeV

n
8
TT

Candidate events/0.25
3
T ] L

8

A.

q!

Jafari

CMS preliminary,\'s = 7 TeV, L = 5.0 fb”

a> 14
- — [ 95% CL observed
= [ 68% CL observed
13—
- ~ 95% CL expected
12 :_ —— 68% CL expected
11F ‘-\,.
A
=
0.8~
0.7—
0.6:....\\\\.I....I\\\.I..‘.I\\\.
0 0.05 0.1 0.15 0.2 0.25 (|)_.3
fT

— no anomalous couplings

— global analysis in the future
Zhang us

0.35—

19.7 fb™' (8 TeV)

0.3

50

(=]
m

properties!

% 1.5
a 1E [
g osp L S 5/17/6653 07 075 08
= -1 08 06 04 02 0 02 04 06 08 1
cos o - - 0 -
— no CP-violation — W polarisation as in SM
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Charge Asymmetry

e complementary to the LHC

» asymmetry in O(a ®) NLO QCD

interference between: Ievatron
q —-—gooessoy—>—t q t Ati =N(Ay>0)_N(Ay<O)
i r qqqqai ) FB N(Ay>0)+N(Ay<0)
Q —<—40099999 <t q t
interference between: Tevatron § top.
. ¢ q . Ay=y -y anti-top
) IR t t
>o‘o“wm*<w }w«m _
q t q ¢ -
n
LHC
BACKWARD FORWAI:D y =N(A|y|>0)—N(A|y|<O)
A " N(AyI>0)+N(Alyl<0)
<\ , _F-B
/ Jbo — F+ B LHC A top
' anti-top

Alyl= 1yl - |YE%
“NLO is LO for asymmetry” >
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Charge Asymmetry: LHC

(@] 0_15 T M T T T T
< - CMS P_l;ellmlnary —— Data :
B 19.7fb'at Vs=8TeV ——— EAG 1.0 TeV i
- l+jets —— EAG 1.5 TeV 8
0.1 B —— NLO prediction 1 |
B I +j ets —— NLO prediction2 |
0.05[ N
- I _
[ — -
o[- I N
i NLO pred.1: Kithn & Rodrigo
i NLO pred.2: Bernreuther & Si |
- 1 I 1 I 1 1 1 l
0.05 400 600 800
m. [GeV/c?]
CMS, (s =7 TeV, 5.0 fb
8o L L L L
_< 0-067 (Data - background), unfolded ]
i MC@NLO parton level
0.04- =
- dilepton
0.02}

-0.02/

0.04 ..
0

MANCH#HER

o}

Experimental Summary

80100
P (GeV)

— good agreement with SM

20 40 60

- Christian Schwanenberger -

5? dilepton

CATLAS Preliminary
- (s=7TeV, 461"

I.|.I.I.I.I.l.I.I.I.I.l.l.l.l.l.r

of-
- ° ATLAS data
e ATLAS 1o
- ATLAS 20
5 e SM, NLO QCD+EW, Bernreuther(2012)
B A SM, POWHEG-hvg+PYTHIA6
I|.II.I.I.l.I.I.I.I.l.l.l.l.l.
-5 0 5 1
AG [%]
LHC

_N(Alyl>0)-N(Aly|<0)

Ac

~ N(Alyl>0)+N(Alyl<0)

LHC

Alyl= 1yl - lyil

A top
anti-top

TOP 2014, Cannes 64

[0l THE ROYAL
I8 SOCIETY

EIERRATING 2ENVEAR




Charge Asymmetry: Tevatron

06l DG, 9.71b" 7 A. Jung Tevatron
| [aniv:1405.0421] ‘1 = e N(Ay>0)—N(Ay<0)
I i s FB™
0 02F l+jets +_}_ ) N(Ay>0)+N(Ay<0)
< - et L L= ]
oF TevatronA top
N ) anti-top
02f ¢ Data —MC@NLO AV=V -V
: y=vy, -,
- —PRD 86, 034026 { CDF Data
L VRTINS .., FRD 87092002+ |
300350 400 450 500" 550 600 650 700 750 - =
m_ [GeV] n
0 6-— DJ. 9.7b™ T __ DILEPTON DO Preliminary, L=9.7 b
L I+jets = 60}A',i,,=11.3% jilil Data-Bkg: 480
os- ¢ Data | 2 soF AMC o oo [CImc ti: 458
04 —MC@NLO - , dilepton
® [ t CDFData > 40¢
<< 03F =
| © 30
| |
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Charge Asymmetry: Tevatron

A. Jun
i Top Quark Asymmetr N N LO |
u y y
+EW LO
e M. Czakon
w —3 (DP 9.7 b~ lepton+jet 10.6 £ 3.0 % I~
V]
m —> |CDF 9.4 fb " lepton+jet 16.4 £4.7% [
I
-c CDF 5.1 fb ' dilepton 42 +16% N
] _—
m— 3 D@9.7fb"dilepton 18.0:69% |—o— % no bb
- asymmetries
h Bernreuther & Si, Phys.Rev., D86 (2012) 034026 . | . | at Tev atron
0 10 20 30 40 50 d LHCb
Asymmetry (%) Gl

— higher order QCD is important!
— high precision measurement is essential
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Top Quark Physics Topics

MANCHESTER Experimental Summary - Christian Schwanenberger - TOP 2014, Cannes 67



Search for ttH production

H—-yy H—-WW, 27

multi-leptons

M. Owen
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Search for ttH production

H—bb

Owen

H—-WW, 27

S r JATLAS Preliminary —— Data > T T ™ T T = ” CMs tlH 3l channel —ls= BTeV L=19. 5'1!_,.'
P [ JLot=2031f0" 1s=8Tev o3 ttH (125) norm [0} . 4 € E ‘e Data ]
§ 1001~ Single lepton E gﬂigff) (I_g St Data ATLAS 4 - :>j 53 I t = gH ]
D [ >6j24b E’g:g% > [ —— Background fit (:E=BTeVﬂ_dt=20.3fb . x> 1€ptons m ez
i T N . ] 25 mwWz
C - Jotaiunc. o N 8 TeV leptonic category ] c @ Others 1
eor- 3 ] 20 T Fakes
: : ] 15 .
40— o - F 7
i 2r 7 10F 3
20/ . 55 e — E
i 1 D — Feceeaad
- C K . ; 0
e e e e 0 i . ] T 3
8 C. 1 1 1 1 1 ] g
— 11 I S T F I T 111 F I N T S 2
% / //7}/-45?7}7,%7"5/_/%/////////&/}%// / 110 120 130 140 150 160 s .
= N - m,, [GeV] o T
0.8 06 04 02 0 02 04 06 0708 06 04 02 0 02 04 06
NN . r
output CMS ttH yy hadronic \'s = 8 TeV, L = 19.7ft BDT Output
CMS Preliminary Vs=8 TeV, L=19.5 fb”' Q 6 - ! ! .
2 Pos § ~+ Data CMS ttH, dichannel s =8TeV.L= 195"
§  [zoa5 015 SL Cat-1 (H) — Bkg fit 2 - oD ]
. _._gl?tau ﬁH(ms) w S s m ttEa/ta 4 I t -
g. Unc. tt+If - R > e E
— {fH (125) x 10 =tf+cc S W+t e EI“ v eptions ]
ft+b 120 2.5 O Non P =
B i + bb " @ Others .
I Single top 4r —m,=125.6GeV - o - tHX5 E

Data/MC
)
I
o

120

140

160 1

80

Data/Pred.
-0 a N W MO

i GeV
matrix element m,, (GeV)
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ATLAS Preliminary

Dilepton

Lepton+jets

Combination

Hadronic

Leptonic

Combined

Fitted signal o/0Osm =

MANCHESTER

/s=8 TeV, f L dt=20.3 fb”

H—bb

S8 Expected = 10
------ Expected = 20

—— Observed

...... Expected (p=1)
M B

8 10 12
95% CL limit on o/og,, at m, =125 GeV

Fltted 0'/0'5M = 2.9+2. 3

ATLAS
2011-2012

\l§_7 TeV ﬂ. dt-4 5 fb B
(s=8 TeV, JL dt=20.3 fo" |

H—-yy

5 Expected (0™'=0) = 10 —
------- Expected (0'"=0) + 20
—— Observed

------- SM signal injected
A T BT

20 25 30 35
95% CL limit on o™/of at m, = 125.4 GeV

Experimental Summary

| .4 ¥22, ,

M. Owen e

Vs=7TeV,505.1f" {s=8TeV, 19.319.7 b’

Y +——
bb [~ ——
Tlh [— | ]
4l 0—.—
3~ i
same-Sign 2| — —
Combination — ——
A PP B PP BRI AP EPEEN PRI EPEE
-10 I 4 2 0 2 4 6 8 10
Best fit o/cg,, at m, = 125.6 GeV
CMS Is=7TeV,505.1f" (s=8TeV, 19.319.7 i’
- 88 Expected + 1o
-- Expected + 20
_ -- Expected (sig. inj.)
bb [~ = Observed
Tth
4
3l
Same-Sign 2|
Combination

— observation in Run-lIl

- Christian Schwanenberger -

10
95% CL limit on o/cg,, at m, = 125.6 GeV
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Search for tHqg production

CMS Preliminary, L=19.7 fbat s =8 TeV

, ~ < rrrrprrrryrrrrprrrrprrrr T e e T T
q C. Boser s T ]
H—’g ! g oo [ JtHact=-1) 1
£ 0'43_ || ExtratiH Ct=-1) |
4.1xo/o(k) & | —
expected il:
0.2 N

900 110 120 130 140 150 160 170 180
Diphoton Mass [GeV]

20fb"' (8 TeV)
% I Muon channel I CMIS _E:[E'ia(:,ayfd
o 3T region Preliminary 5@135
300 - m,=125 GeV {Birrze
H—bb |
5.1x0/o(Kt) ‘
expected
in case top Yukawa coupling ;¢ /00
Ke=Yyt/yM=-1 coupling: cross gpserved & ottt """
section can be enhanced by ° Waousu
factor 13 — fun in Run-II
MANCHESIER Experimental Summary - Christian Schwanenberger - TOP 2014, Cannes w




Top Quark Physics Topics

Phenomena

= "Largest quantum correction to the Higgs boson
mass involves a top quark loop, it is natural to
suppose that BSM mechanisms involve top

quarks” F. Canelli
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Search for W' production

F. Canelli

q {
— no new physics
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Heavy resonances with boosted tops

=1

CMS, 19.71b", Vs =8 TeV _GMS Preliminary, 197 fi"at /s =8TeV_
> 4 LI I LI I UL I UL I UL I UL I L % E I I |_._ Datal |
© 10°E e+u N > 1 ¢+ Data E S 4F L I QcD (from data)
S - b-tag - _ 3 % 35F < M .
() - \ tt - 0 . —— TT—>tHtH (500 GeV)
— 103 = .others — L SE WL TT—>tHtH (700 GeV) x10
: § 7' 2 TeV § 2.53— ------ TT—tHtH (1 TeV) x100
ﬂ : :—e— 25 ‘1 7 - e |
€ 10°F _ : TT — tHtH
o : X —tt 1.5¢
w Z
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o

—
T ||||||I'| I IIIIIIII

DAIA/BG
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0 500 1000 1500 2000 2500 3000 350C 0UE0 00 T80 500250 300

J Erdmann (b) Mﬁ [GeV] mass of Higgs candidate (GeV)

use “boosted reconstruction” top-, Higgs-, subjet-b tagging

— essential for discoveries in Run-II!
r-THEROYALJ
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Search for dark matter

%) = T T T v v T v T
g b,t £ 50y —— data 7
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= [ Single top = - . Single To -
- (d) SR4 ] V+iets = 30l veto e, 2z | . [1Single Top
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— no hint for dark matter

MANCHESTER Experimental Summary - Christian Schwanenberger - # SOCIETY

EIERRATING 2ENVEAR



Pushing the TeV scale

CMS Searches for New Physics Beyond Two Generations (B2G) J
[ ]
95% CL Exclusions (TeV)

Erdmann

COCLL LD T T T
T'(53)(dilep,ss) p
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0 02 04 06 g).(chd;dML. 0 05 1 15 2 2.E5xczd:‘;5M:
— |ots of opportunities for discovery in Run-lII
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Direct searches for light stop

b
P ) 14
t1 _ v b ~ 7% v b 5 I v
X i y A
~o ~0 - Xl - - X].
p i g . i Y{"f; b NI
p
Recall: Top loop is the most i b w 1 p q
contribution in Higgs virtual corrections: b q b q
~ ~0
G U
-~ IR
(/ PN 7 @@ A
H \ /l H #Q;\ V@
______ = ————- - ~0 Q \ HQ/\
m(t;) < m(X1) g\w\, ;\ @ N
100 - U 0N NN
small stop P A
mass is natural M S
0 o "'l t', ' . - >
0 mW)+m(b)4gq M 500 300 m(7,) [GeV]
T. Eifert we check every little corner...
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Direct stop searches
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Experimental Summary
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we check every little corner...
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T. Eifert

MANCHESTER
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Status: ICHEP 2014
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Experimental Summary
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tf, production, > b 7/t c % A>Wb¥ /1>t  Status: ICHEP 2014
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Top precision for stop search

,production, ;- b 7 /T c 7 Ao Wb ¥ /T>t%,  Status: ICHEP 2014
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Top precision for stop search
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Events/ 0.13

Data/Expected

— no hint for new physics

Search for FCNC
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FCNC Top Couplings at

P. Silva
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Summary of the summary.

e very rich and diverse field of research!
e many exciting highlights at TOP 2014!

e high precision: cross sections, mass,
couplings, ...

e high precision tools: NLO+multileg MC,
NNLO calculations, ...

e huge development of tools: top-
tagging, combinations, b-JES, ...

e measure unfolded and fiducial!

e nhew processes: s-channel single top,
Wt, tty, ttZ, ttW, (ttH)

® many properties, also from single top
e top mass crisis?

e sensitive direct searches and by
precision measurements

— observe more SM processes in Run-Il, many high precision property/cross
section measurements to come, many mass discussion, new physics??
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THANK YOU!!!
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