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Expected a focus on 3 special “themes” in 2015:

« Top turned 20
* Many new LHC Run 1 and Tevatron “legacy” results YES
« Afirst glimpse of 13 TeV data ! YES

New: Young Scientist Forum
New: Differential cross-sections mini workshop
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Plan B

 The “Past” : Legacy Results from Tevatron and LHC Run 1

 The “Future” : First results of LHC Run 2 and beyond
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Plan B

 The “Past” : Legacy Results from Tevatron and LHC Run 1

But the “past” is not yet over...
 The “Future” : First results of LHC Run 2 and beyond

.. And the “future” has already started!
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A word of warning

* Too many excellent results to attempt a complete summary

« | will show a personal selection of high-lights

Legend:

“l don’t get no respect”

= Something somebody said, perhaps quoted inaccurately and out of
context

— Peskin
= reference to talk with more information about this topic
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1. The “Past”

... still going strong

New Tevatron and LHC Run 1 legacy results
More Precise than ever



Inclusive top pair cross-sections
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All channels covered and consistent with SM

Good agreement with NNLO+NNLL

Precision of ~4% (di-lepton channel), similar

to theoretical prediction

Experimental Summary

CMS TOP-14-08, L =18.4 ib” : - 2736 :I 61=37r8=72pb
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« Traditionally the most challenging final state (backgrounds!)

The all-jets channel

« But: large branching fraction
* No neutrinos = superior kinematic information + resolution
« At 8 TeV CMS used “parked data” to afford trigger rate

« S/B improves with higher top pT, and with higher /s
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Leading top P, (GeV)
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Events /5 GeV Events /5 GeV

Events /5 GeV
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New ! Top p- differential distribution

CMS, 5.019.7 o' at (5= 7/8 TeV
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«if you tak
into account C

€¢
YOU see here 3 nice slope”’

My observations:

CMS - consistent slope between
data and default MG+PY6 in all
channels, 7 and 8 TeV

Full difference counted as
additional systematic effect
(also for Searches, eg ttH)

ATLAS and CMS data appear in
good agreement at 8 TeV

ATLAS PWG+PY (hdamp=mt) and
other MCs do better than MG+PY

e all correlation’s, '
hi2/ndof =1



Top p+ modeling: the verdict

— Heymes

Really NEW (yesterday!): | . Fy(l NNLO correction “confirms” observed
slope, in direction closer to the data

% . NLO
, = [Preliminary] .
E [ EE A “ _________ ______ . ° Use k-faCtOFS tO rewe]ght NLO+PS MCS ?
3 4 L= S W S— ﬁp';;"t'e"x'”; ______ .
== 7. Ultimately NNLO+PS would be great ©
J Lezoon o “'“'—\-—_.___ . .
g 1 =»Great to see this dialogue between LHC
I e = precision measurements and state-of-the
| I art theory calculations

o = Important step forward in our

Full NNLO/NLO k-factor understanding of Top production !!

vs top pT : a slope!
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— Komm

in-fiducial measurement
t-channel at 8 TeV

» event selection same as inclusive 8 TeV cross section measurement

> fiducial selection on generator particles

TOP 2015, Ischia

consider particle ¢ - 7 > 10 mm as stable
1 “dressed” ¢/ (anti- kr, R = 0.1) with pr > 30 GeV,|n| < 2.4
2 jets (anti-kp, R = 0.5) with pr > 40 GeV, || <5
1 b-jet using the “ghost b-hadrons™ method (p > 40 GeV, In| <24 )
« find non-resonant b-hadrons not decaying to other hardons
* rescale momentum to very small value & allow them to be clustered into jets

19.7 tb™ (8 TeV)

L B LA B S S s R B B s B s B B B

CMS
Preliminary

3.38 + 0.25 (exp.) + 0.20 (theo.) pb

aMC@NLO, 4FS (scale @ pdf)

POWHEG, 4FS (scale & pdf)

POWHEG, 5FS (scale @ pdf)

U'rifjc'h_[pb]

15 2 2.5 3 3.5

Martijn Mulders (CERN)

Single Top: in-fiducial

in-fiducial measurement
tt + Wt at 8 TeV

p Benefits of a fiducial measurement:
P Separation oﬂ experimental and theoretical uncertainties
P Reduce the dependence on the theory assumptions

ATLAS Preliminary s=8TeV, 203 b

Measured fiducial Wt+t cross-section
[ Total uncertainty
Stat. uncertainty

Predicted flduclal cross-sectlons:

POWHEG-BOX+PYTHIA DR CT10
o at NLO+NNLL, o at NNLO+MNMLL

POWHEG-BOX+PYTHIA DR CT10
o™ and o at NLO

POWHEG-BOX+PYTHIA DS CT10
" and o7 at NLO

POWHEG-BOX+HERWIG DR CT10 l
o and o at NLO

MC@NLO+HERWIG DR CT10
o* and o at NLO

MC@&NLO+HERWIG DR MSTW2008
ot and o at NLO

MC@&MNLO+HERWIG DR NNPDF 2.3
ot and o at NLO
| | | | | I | | 1 1 1 | | | | | 1 1 1

03 04 05 06 07 08 09
Cross-section [pb]
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— Gabaldon

Single top s-channel evidence

Consistent with SM expectation:
— theory __
os_ oy = 9.61£0.22 pb

. n 150 I I I
Uses the Matrix Element method to squeeze 5 [ ATLAS Preliminary det:Ebe_1 )
out optimal sensitivity... . [ ® Dafa-background i
1Dﬂ_— |:| s-channel Vs=8TeV o
2-jet 2-tag (~ 4.3% of s-channel) - [77] Post-it bikg. uncertainty l+jets :
g 1509 ' | ATLAS Preliminary 50 _ %
- Ldt =203 fb" o Dea i i . /ﬁﬁlé?‘_ﬁ? Gy
. - o UL 7 ﬁ/ﬁ%%"’/ , -
] Z V7 :
] v A Aka | ]
__ —ED_T | | | | ]
. 0.0002 00018 0.058 0102 0187 1

P(SIX)

0

Yoo ' ' ! '

% D_DW ,;W@MWM%%%% First EVIDENCE

. _;]:mz 00018 0058 0102 o187 1 of the s-channel production at LHC
P(SIX)
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Single Top: the complete picture

ATLAS t-channel n
PRDS0(2014) 112006, ATLAS-CONF-2014-007

CMS t-channel ]
JHEP12(2012) 035, JHEPOE(2014)090

O ATLAS Wit
— PLBT16(2012) 142, paper in preparation —

~-ATLAS+CMS Preliminary LHCtOpWG
— Single top-quark production Sep 2015

—
o
o

CMS Wit
- - PRL110(2013) 022003, PRL112(2014) 231802 .

* |LHC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

— t-channe 4 ATLAS s-channel -
ATLAS GOMF-2011-118 05% C. L,
- + ATLAS CONF-2015-047 o
¥ CMS s-channel, 95% C_L.
- CMS-PAS-TOP-13-009 .

o)
o
|
]

]
|

NMNLO PLBT36(2014)58
M= 172.5GeV, MSTW2008nnlo

| scale uncertainty

Total inclusive cross-section [pb]
o
o
|

=== NLO+MNNLL PRD83{2011)091503,
PRDB2(2010)054018, PRDE81(2010) 054028
M= 172.5GeV, MSTW2008nnio —
Wi fT contribution removed

— scale & PDF & o, uncertainty, —

N~
(=)
|

—— NLO NPPS205(2010) 10, CPC191(2015) 74

u M= 172.5GeV, 1= =My, _
-l e - CT10nlo, MSTW2008nlo, NNPDF2_2nlo (PDF4LHC)

20 - Wt p: veto for ff removal= 60 GeV ]
and u= 65 Gev

Wit - scale uncertainty g

= scale & PDF @ o, uncertainty

- ane S-Channel All exp. results are w.r.t. m_=172.5GeV -

D L 1 1

Vs [TeV]
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— Chiarelli

Asymmetries

— higher order QCD is important!
— high precision measurement is essential

Tevatron Aq; discrepancy LHC, 8 TeV

is no more! lepton+jets:
ff stat syst
C;g‘iatzonﬁ“ 0 4 i Ac = 0.0010 +0.0068 + 0.0037 CMS
oo e S Gy 16447
CDF Dilepton (9.1 o) 194 13 Ac= 0.009 + 0.005 statssyst  ATLAS
CDF Public Note .”15|. .
CDF Combination (9.417)  §i____ 16045 Ac = 0.0101 +0.0005 NNLO
-
DO Lepton+jets (9.7 fb™) 10.6 £3.0
PRD 90, 072011 (2014) T
DO Dileptons (9.7 fb™) 17 546.5 . .
00 ncke 545-CONF 2014 - ready for combination
MNLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
MHEEE nMLO SM. M. Czakon, P Fiedler and A, Mitov, arXiv'1411.3007

-20 0 20 40
Asymmetry (%)

i
Tevatron A vs. |Ay| slope «
CDF Lepton+jets (9.4 fb™")

ATLAS Boosted :

PRD 87, 092002 (2013) D253 E00GS
. 1

SOF Billepton (9.1 83 ) 0.140 £0.150
CDF Public Note 1116

CDF combination (9.4 fb)

CDF Public Note 11161 0'227 t0'057

. -1
DO Lepton+jets (9.7 fb™') 0.154 +0.043

PRD 90, 072011 (2014)
NMNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007 & private comm.

2 0 0.2 0.4
o. (asymmetry per unit rapidity)
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— Schwarz

What is better:
Template or Unfolding?

CMS 19.6 fb~' (8 TeV
R BT
CMS, template ° Confndz:ﬁ/e
(0.33 £0.26 £0.33)% 70
95%
CMS, unfold | .
(0.10£0.68 +£0.37)%
Kiihn and Rodrigo -
Bernreuther and Si -
POWHEG S
MCanNLO —
P T T (R o R R T W
-2 -1 0 2 2
Al (%) =
[ 8] 0-3 T |‘ ]
< 3 data ATLAS Preliminary
NLO 8TeV, 203 b
0.2 ]
0.1 i T
oF .
-
-0.1- |
| |
-0.2

> 0.75

0.75-09 09-13 >1.3
m, interval [TeV]



Ay,

CMSTOP-14-023

0.

0.

Top spin polarization

CMS Preliminary 1957 (8 TeV)

r W. Bernreuther & Z.-G. SI

—I+—Data Hsmt unc.)

TN (EM, p=my) 77 Syst. uncertalnty|

- W. Bernreuther & Z.-G. S|
4 | 7T (uncorrelated, u = my) == MC@NLO N
L + ]
oF -
—[* di-lepton :
oL _
+ -

400 600 800 1000
M, (GeV/c?)

l+jets, ME method

Events /(0.14 x )

8
7
6
5
4
3
2

1
0

9r

x103 19.7 fb” (8 TeV)

E =« Data

F cms T total fit

c Preliminary — corr. (SM) tt

T uncorr. tt

e background

C by

: -r- =F ‘T"I.:.Inlnlll N N \.I-\ulliF;l:i:i'P'I""l" e

-06-04020 02040608 1 1.2
'2'“}\.

event

1200

— Linacre
Variable Channel
Ad dilepton
ME-based ;

(S-ratio) dilepton
Ad lepton+jets

Ad dilepton

D dilepton
ME-based lepton+jets

Collaboration
ATLAS (8 TeV)
ATLAS (7 TeV)
ATLAS (7 TeV)
CMS (8 TeV)
CMS (8 TeV)

CMS (8 TeV)

fsm

1.20 £ 0.14

0.87 +0.18°

1.12+0.25

1.16 £ 0.15

0.90 £ 0.16

0.72 £ 0.17

p All consistent with fsp =1

p fsu= 0 strongly disfavoured

PRL 114, 142001 (2015)

di- lepton

16000

£ 14000

(5]
=

Ratio

2, 12000

10000
8000
6000
4000
2000

0
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0.9
08

. ' Data

[ ]smit

r 1T (A=0)

......

I Background
[ |TE. 180 Gev

ATLAS :
Vs=8TeV, 2031 1

Proof top really behaves like a ‘bare’ quark \

Martijn Mulders (CERN)
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— Danninger
-""‘E\I B T T T T ¥ T T T ¥ ¥ T | T ]
o [2.1.3FATLAS ¢ Data =
— ﬁ B o
3= Vs =8TeV, 20.3 fb” ___SMf 1 7
B 1.2F Powheg+Pythia6 —
—2 L — . Flipped tt ’
o) . e - Powheg+Pythia6
1.1 . SMt \
B - Powheg+Herwig ™
= l —
1= —
E — ': .
0.9 —
@ - | : : F————]
© 1.05____ =
Q 1— S —— i S "‘: B
g 095 —
0 0.2 0.4 0.6 0.8 1

Color Flow using Jet pull angle

Charged particles 05(J 1,Jz) [rad]/x

Great particle-level study!

Colour Singlet

Colour Octet

B

Legend

=% Pull (vector)(J;)
6p Pull Angle
« Constituent of J; (size weighted by pr)

Ay=y-y

Results:

0 The jet pull angle is found to correctly
characterise the W boson as a colour
singlet.

o0 Data disfavouring an alternative colour—
octet model at greater than 30

Future: can this type of measurement be used to constrain color reconnection models ?!

TOP 2015, Ischia

Martijn Mulders (CERN)
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ttV: from Evidence to Observation
TOP 2014

Evidence for ttZ and ttW! Evidence for ttZ!

N CMS Preliminary is=8TeV,L =195’
"N AT Thr, PRI R B A L # 2-d Best Fit
] - ATLAS ' Pr % ATLAS Best Fit ] & —— 68% Contour
3 A —— ATLASGe% CL % ~—— 95% Contour
& [Jtdt=203t \ ..... aTLASOS%CL — 1-d Best Fit
° C\s=8TeV & NOclculation® == 1dfiZz10
150 €2 Theory uncertainty == 1dffW =10
e /B NN A0 W Theory uncertainty _ ‘Q‘eé‘e‘eth'lheory
1:- L ARENNNNNNN ’ ' I AN _:
0'5:_ ._-
0:_ \ \ * Campbell(2012) Kardos(201 1) Garzel201 1 2012) _:
1 l l k T l L | 1 l A
0 05 1 15 2 25 3 600
O [10)
6/ o, (tW)
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ttV: from Evidence to Observation

ttW:
ttZ:

3.2 0 (exp) 5.0 ¢ (obs)

500

4.5 o (exp) 4.2 ¢ (obs)

TOP 2015

ttW:
ttZ:

3.8 ¢ (exp) 4.8 ¢ (obs)
5.7 ¢ (exp) 6.4 o (obs)

CMS Preliminary

|~

— L T T LI [ B B I 600 7
=) - ATLAS Prel &  ATLAS Best Eht . + sMm
= C —— ATLAS 68% CL 7 % best fit
3 500 __q'E -a8TeV, 203l | ATLAS 855 oL - 500
& 4 NLO calculation® - =y
E B 7 fZ Theory uncertainty - =
5 400 - c 400
I °
= et
L ., O
300 2 300
[7)]
S 8
200 == O 200
" N
|
= )
100} 100
B .' Carrplali(0113), Oarnall] 2012
[= [~ 1L 1 1 L I 1 1 1 L 1 I L I 1 1 I L L Il I_ I 1 L L '] I 1 l- 0
(1] 100 200 300 400 500 800 o 100

W cross section [fb]

(this morning) arXiv:1509.05276

| - Great candidate for LHC combination ! |

| - Will become a lot more precise at 13 TeV |

TOP 2015, Ischia

Martijn Mulders (CERN)

200 300 400 500

ttW cross section [fb]

+ limits on 6D EFT operators

Experimental Summary

Nice demonstration of future goal
of these measurements

— Sjoelin
19



~oaminger  [OP @Nd extra (HF) jets

Very important (and very hard) measurement

2 T arias T Y pata [Single'top | @ 10 amAs JIp e g
E {5=8TeV, 20.3 & jp  CIW+ets § fs=8TeV,2031" | |ubb [ISingle top g 10°
i (1T [IttbX [FZ+ets ]
[tick [ |Diboson
ttb WX ENP & fakes

1, 25),=2b
Post-fit

2lz4)=22b
e Postil

> tte

B 3

5 ttl £ |

E ' E : % 1

! 08 o7 Snijm 10 0B OB 0T 0707 08 08 05 08 0.8 05 0% 08 02 3 usE—
MV 1c efficiency bin :umeumwm;h;ﬁmahuaﬂm&g&;g“%mﬁmﬁfﬂ;m
tth lepton plus jets ATLAS channeal and category
{5=B TeV, 20.3 i’
---- Measuremant results | I {Tti'bﬁfﬂ-tﬁj ‘
stat, @ syst. | stat. hardB:
o mesmommaeren this analysis 0.012 = 34%
" :::::;"f"' theory NLO4! 0.011 +3%%
T MadGraphepytns MADGRAPH +PYTHIA | 0.007 £ 10%
W pythiad (wgtqd) hadronB:
& Fytniaa pmgtos) this analysis 0.015 £+ 32%
¢ Py s sgrer0s) CMS dilepton!®! 0.022 + 29%
£\ PowhegePyihis (inclusive f) MADGRAPH +PYTHIA | 0.009 &+ 14%
I .
5 10 15 20 25 30 35 20 40 60 80 500 1000 1500
f Tt f fid f . 0 . ©
O oo (1] O atpen ] Ol epon e [0 | - Will still be challenging, but more precise, at 13 TeV I
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Top and Higgs e

— Mcfayden

* ttH and tH are only avenues to directly extract top quark Yukawa

» Sophisticated searches have been performed at 7 and 8 TeV
» Rapidly approaching standard model sensitivity!

CMS Vs=7TeV,5.0-51 " {==8TeV, 19.3-19.7 iu"
= l+
ATLAS ﬂl!?ﬂé Input measurements
Individual analysis + 10 0N u b = .
m, (GeV) ‘
bb: u =157 (125 ' : L ——— : Tnth — i ;H'“u_} ji
ttH L : : : : : : \ :
h-1|_||ti|ep:0n:_u=2.‘l:_: 125 ' : ' — a e . ;
rew=13770 ion 4 ol —— ] I - 'i\?x'/\
W
(I I R R B 3+ | -
Ve=7TeV, 4547 " —2 0 2 4 Same-Sign 21 — .
fs=8TeV, 203 b Signal Strength (.ll-) Combination — el
11 I 11 | I L1 1 I 11 1 I 11 | I 1 1 I L1 1 I 11 | I L1 1 I 11

1 1
-10 -8 -6 -4 -2 0 2 4 6 8 10

Best fit ofcg,, at m, = 125.6 GeV

« ATLAS + CMS published the Run i = 2.3 06
1 combined measurements ! —> Significance: 4.4c0 (2.00 expected)

* Looking forward to interesting results with 13 TeV data!
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Top: a window to BSM phy51cs

= 950 — - ot
= o ® 22' Aﬂ_.-ts- Data :

7 ATLAS 000 & ol 3

- {s=8TeV, 203" Summary results: = ¢ Esoeny ILm LUl . [JSHERPA vy, norm. to data 5 T

— Same-Sign dil. = Sl ' afun —

'I arXiv:15 tl)4go4scl>5 850 E E 16k [_]signal, B = 5% —_— Seng
@ 900 £

Vector-like quarks" =y

£ Hadronic Selection
14; 156"'"“.-. = 191 Gay'

Observed 95%
o 2
| E 1

m(top) FCNCS ? —M. Kim

in hadrome
channel =

— Pataraia
— Skovpen

%50 100

T s
0 0.102030405060.70809 1

BR(T — Wb)
BRIL, — ZL,) BRIL, — Z1,)

i m; = 500 GeV f m; = 500 Gelf
A M. = 20 Gey M. = 120 GeV
o

=

BRIt — ht,) ' BRI, — ) BRI, ""_.] BAfL, — )
* No significant excess observed yet
Eagerly awalt analysis of 13 TeV data

15{1 2{JI’_'I 25[] SDU :350 4[]0 450 Em
my; [GeV]

W'—tb— jjbb candidate
2 b-tag channel

Top reso

D candidate

Apologies for skipping over this part with extreme brevity, in the interest of time

TOP 2015, Ischia Martijn Mulders (CERN) Experimental Summary
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1b: Intermezzo
“Living Dangerously”

What if there is no BSM physics up to high Energy Scales ?

TOP 2015, Ischia Martijn Mulders (CERN) Experimental Summary
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Vesuvius!

Living Dangerously

in Napels...

Martijn Mulders (CERN) Experimental Summary

24



A=, Wikinapoli

Your guide to the good life in Naples

Vesuvius!

Living Dangerously
The Traffic

Italians are known as "crazy” drivers, and Maples is infamous for having the "worst” drivers in Italy! However,

this is because they simply follow different rules than Americans. Or, more precisely, they only follow one rule:

The First (And Only) Rule of Italian Driving: Do not hit anything that is in front of you.

Corollaries to the First Rule of Italian Driving:

+ There are no other "rules.” This means that quaint American rules like "always stop at
stoplights/signals”, "stay in your lane”, "don't drive on the shoulder/sidewalk”, "stop for pedestrians”,
"don't drive in reverse on the highway", etc. don't apply—as long as you don't hit anything/anyonel

25



A=, Wikinapoli

Your guide to the good life in Naples

Living Dangerously

Vesuvius! The Traffic

in Napels... ... and at sea:

The Concordia

Italians are known as "crazy” drivers, and Maples is infamous for having the "worst” drivers in Italy! However,
this is because they simply follow different rules than Americans. Or, more precisely, they only follow one rule:

The First (And Only) Rule of Italian Driving: Do not hit anything that is in front of you.
Corollaries to the First Rule of Italian Driving:
+ There are no other "rules.” This means that quaint American rules like "always stop at
26

stoplights/signals”, "stay in your lane”, "don't drive on the shoulder/sidewalk”, "stop for pedestrians”,
“don't drive in reverse on the highway", etc. don't apply—as long as you don't hit anything/anyonel




How Stable is the Vacuum ? — Espinosa

in Napels (+ light cone):

180
178

176 F

174 --"

Top pole mass M, in GeV

172 L

170 | - -2 oM

168 L
120 122 124 126 128 130 132

Higgs pole mass M,, in GeV
Good wctivatiouw to Luaprove l"(.\.,,? determination '
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— Castro

Improved Precision (< 0.3 %)

Top Mass Progress

MS

All-jets, 18.2 fb™' (8 TeV)
Pl b

C
LL Tt b 42D i

D 1.016F

I - : * Hybrid
1014 : -
1.012F . i
1.01F * : +
1008:_ I "]
1.0061- AN :
1.004[ . —
|

1.002- | ® -
1 : ~ .
171 1715 172 1725 173

€«

m, [GeV]

our Fate is in the hands of
the Jet Energy Scale” }
TOP 2015, Ischia

Martijn Mulders (CERN)

— Vos
— Deterre

New Method:

19.7 ib' (8 TeV)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ .
g : b- k
ks)) C CMS 3 aaatda(;raphﬂ‘ythiaﬁ J e t e n e rgy pe a
© 25 Preliminary — JESUp
P_m r —— JES Dow
% I + . P p'l
% 20; —_— heg+Pyt
w L K. Agashe, R. Franceschini, D. Kim, PRD88
w

Mass extracted using simple kinematical relation:
M=172.3 + 1.2 (stat.) £ 2.7 (syst.) GeV

5 1_- %
Clov b b b by . joses_se-

0
@l 12 A ET ]
Slo 15 - gH. T B g T
5] e e e B L TR L
Q|§ A et i
0B ST EE e TR
3.5 4 4.5 5 55 6 6.5 7
log(E)

New pole mass results from incl. o:

500" (7TeV) 5 -
— —~ D@, L=9.7 fb
8 . Icms o &: 14
i L
o': reliminary 088 _ (o)
E
[=3
06 3
0.4
0.2
166 168 170 172 174 17’? 78~ 0 :
mP*® [GeV] 2 {60 170 180 __190
Top quark pole mass (GeV)
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— Castro

Improved Precision (< 0.3 %)

e . . - Sid h. ==Endpoints
CMS preliminary projection s

-—Jy —Lyy

;' 4: Prdkant 30 m' 3001 300017 o
Q 35: 13 TeV 14 TeV 14TeV 1
O 3.5 -
£ 3
£ 25F 3
8 = .
e 2F -
- [ ]

21.5F -
£ f :
= 1;X o
— E -
|2 0.5F - &

¢

surpassed the experimental precision
projected for the end (!) of Run 2

But what are we measuring exactly?
—> ongoing discussions + studies

TOP 2015, Ischia Martijn Mulders (CERN)

Top Mass Progress — Vos

— Corcella

 Also use other observables

* NLO production and NLO (+PS) decay
needed to extract top mass in well-
defined scheme from top decay

Pole mass extractions starting to reach
interesting precision:

DO 5.3/fb . NN 167.5 + 5.0 GeV
PLB 703 (2011) 422 NN

CMS 7 TeV \ o176:7£2.9 Gev
PLB 738 (2014) 526 \

ATLAS 7+8 TeV > 172.9 + 2.5 GeV
EPJ C74 (2014) 3109

ATLAS 7 TeV tt+1jet N 173.7+ 2.2 GeV

arXiv:1507.01769

DO 9.7/fb Preliminary 169.5 + 3.3 GeV

DO 6453-CONF -
CMS 7+8 TeV Preliminary 173.6 £ 1.8 GeV
CMS TOP-13-004
CMS combination 172.44 + 0.48 GeV
arXiv:1509.,04044 NS
NN
| 1 | 1 1 | | 1 SN L | I 1 | |
165 170 175 180
m, [GeV]
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— Soares

Top mass combination? . Maier

ATLAS+CMS Preliminary LHCIOpWG  my,, summary,/s=7-8 TeV  Sep2015
N T © Warld Comb. Mar 2014,
©The most precise measurements per el
. total uncertainty total stat
channel have been combined for Mg =173.34 £ 0.76 (0.36 £ 0.67) GeV . 4ot (stat syst) s Ret
ATLAS, l+jets (%) ——s—Fi 172,31+ 1.55 (075 1.35) 7 Tev [1]
@ Tevatron and LHC! (2014) ATLAS, dileptan (*) ce 173.09+ 1.63 (0.64+ 1.50) 7TeV [2]
CMS, I+jets it 173.49 1.06 (0.43+ 0.97) TTeV [3]
@ | HC?(2013) CMS, dilepton R 172,50+ 1.52 (0.43£ 1.46) 7TV [4
CMS, all jets I—+-'l-—°—| 173494141 (0.6%1.23) 7 TaV [5]
© Tevatron? (2014) LHC comb. {Sep 2013) i —] 173.29-+ 0.95 (0.35+ 0.88) 7TV [6]
| World comb. (Mar 2014) i 173.34+ 0.76 (0.36+ 0.67) 1,967 TeV [7]_
o 4 ATLAS, l+jels et 172.334£1.27 10,75 1.02) 7 TaV [B
CMS Dﬂly (2015) ATLAS, dileptan ———t— 173,79+ 1.47 (0.54+1.30) 7 TaV (8]
ATLAS, all jets ——e—— 175.1£ 1.8 (1.4+ 1.2 7TeV [9]
] -
© ATLAS only® (2015) ATLAS, singletop  ———a——1 172.242.1 (0.7+2.0) 8 TeV [10]
ATLAS comb. ({250 i 172.99:+0.91 (0.481 0.78)
o P CMS, |+jets He 172.35£0.51 (016 0.48)
The I'E|e"\fa.nt C'D”Elanﬂnﬁ haVE CMS, dilepton o= 172.8241.23 (0.19£1.22)
carefully been estimated and stability CMS, al jets H e 172322064 (0.25£0.50) ey (1)
CMS comb. (Sep 2015) HH 172.44+0.48 (0.13+0.47) 7+8 TeW 1
te 51:5 h ave bee N pe rformEd [1] ATLAS-CONF-3043-046 [7] ArKiv-1403.4437
E [2] ATLAS-CONF-HN3-077 18] Eur.Phys..).C {2015 75230
i 13] JHEF 12 {201 2] 105 |9] Eur Phys.J.CT5 (3015) 158
(*) Superseded by resulls [4] Eur Phys.J.CT2 (2042 2202 [10] ATLASCOMF-2013-055
shown below the line : 5] EurPhoys. . C74 (2014) 2758 {1 1]arin1509. 04044)
“th' T R T I N AN TR | NN T N T NN TN MO AN N N
1S nuU i . 165 170 175 180 185
‘x\‘”ﬂzi{'yq@s a multitude of sins” | v
;‘;*‘*‘~‘~;;¥__' rn[op [Ge ]

larxiv:1403. 4427 [hep-ex] SATLAS-CONF-2013-102 f CMS PAS TOP-13-005 farxiv:1407.2682 [hep-ex] 4arXiv:1509.04044 NEW *Eur. Phys. J. C {2015) 75:330
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o TOPLHCWG > LHCtopWG

LHCtOP WG ‘ LHC topWG LHCtopWG ‘ LHCtOpWG

IR [JTOP\\ [T

« Wish for TOP2016: updated combinations !!
« New combinations, such as ttW / ttZ

» Expect lively discussions about ( @ )-correlations, precise
and consistent treatment of systematic uncertainties, etc

« Compare performance in ATLAS and CMS of new MC samples for
Run 2 as early as possible (establish a common benchmark?)

«5t LEP we did both” — Soares

L Maier



TOP 2015, Ischia

“in the r ini ‘
€maining -1 minute | will discuss” |

2. The “Future”

.. which has already started !

13 TeV data is here

Martijn Mulders (CERN) Experimental Summary 32



The LHC Run 2 has started

— Lamont

... but not without challenges!

« ULOs, UFOs, DUFOs, MUFOs, QPS,
TDls, Earth faults

* Main issue (25 ns): electron-cloud

Painful for 2015 - a commissioning year - but
these shouldn’t be long term issues for Run 2

|
bR

“it is a mi . )
S a miracle that this js working at all” e / o e
- Still 13 TeV data has started to arrive | © " |d oo
» Big thanks to our LHC colleagues! sk . s
> > ReS peCt ! < < G m C.l'rcirlJ:I?OL'Ench N:'Ij'?be." . .
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— Riu

13 TeV data

ATLAS integrated luminosity at /s = 13 TeV

— TJ Kim

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-09-15 03:08 UTC

o B00F T T T ‘ = 450 °
a - ATLAS Onl_me Luminosity  /s=13Tev . - LHC Dellvered 440. 00 pb !
'% 400 E::f;e:;ir::’ed : = CMS Recorded: 383.60 pb 400
g - otal Delivered: ! = | 1350
% 300% Tota 2eLordei-:z?3gF;*;_1 [ § 300 CMS Preliminary Calibration 300 °
[ B : -
g 200 CMS: partly (- 250 /pb) without B field 250 |
= C o) enics {200
T 100 due to issue with Cryos
- 1150
- : ening
. il ince Tuesday eV 1100
S5z 1| At3.8Teslas 1
. on! 1%
Let’s hope it will stay up from nOW , , , , le 9
o® o \0\ W 09 99 ge® ge®
\\ ' ,,// \ 1’5\ 1 ‘\. &P‘ &%P’ &6
'Q\ A\ 2 ——’/% Date (UTC) I 1
\‘ % > Reconstruction % m- o nourals LV
2 go0e- e neutrals PU
Improvements, 5 |
Detector Eg PUPPI (pile-up % ooi -
Improvements: ' per particle o
5. s identification): 0.02- .
& | -
Szl “. —~ ///& \\\\\ % I &
o
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= I\II‘II\I|\I\\|\\I\|I\II‘II\I|\II\|I\I\‘I\\I‘II\I 8 40pb’ (13 TeV, 50 ns)
o ) E V| E|
@ — — - cms cswan
:g 1: ATLAS Preliminary - § 12 raiminary wrea | E .
g | 1) 1 — TJ Kim
5 0.8— - — 8 g
g O o ] —
K= B + B E .
= I 7 -
0.6 . G — Riu
N 7 Jetp._(GeVie]
047 — @ 40pb" (f3 = 13 TeV, S0 ns)
L Data 2015, ¥5=13TeV, | Lat=78pb" I P o
L . T a3E ey 2 weighied sverage 56pb'at13 Tev
0 2; L] Data, HLT_e24_|lhmedium_iloose_L1EM18VH ; E ik - fit = (stat @ syst) “u TTrTTTTTTTTT T L N
“L ©  Zee MC, HLT_e2d_lhmedium_iloose_L1EM18VH _| 5 : , ‘ ] [ 5 208 cms TTh—
L _ a8 g = . -
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R — — E
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i [ anti-k, EM+JES + insitu, A =04 ] -
5 " =
g 008 n=00 [ Total uncertainty —
- —— . . = L [ Total uncertainty, 2012 i -
g 1 arLas Pre“mmaw o Dotazors @ r — Absoluo i s.fujjsss((zm‘zs st ] E
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C 4 o 0.02 ]
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& 0.09—ATLAS Preliminary Sy = E —— —
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- :$ e 0.75 247247 E 5:_ FPUPPI MC E
0.05— = 0.7 : bﬁﬁﬁm e n: 1 ! ! ! I 1 1 I I L] (&)
E = —e— Tight = = =
0045 3 065 ‘ Data full, MC: open E Q 1'21 1 4 i & & §
0.08"— ) ) o | 105y EUE— T — T v M
i ER = e g
g "2 . 2B perr——— | T 08 ——
B s g R | 5 DQ_TP_ T' 3 0.4
S osf ] 9L 6 8 10 12 14 16 18 20 22 24
£ ) . . . . . . El =E | , . . E|
25 2 15 1 -05 0 0.5 1 1.5 2 25 0'8‘20 30 40 50 80 70 80 prlmaw Veﬂlces
(e E, [GeV] ‘
.
TOP 2015, Ischia Martijn Mulders (CERN) Experimental Summary

Performance Jets,

double) b-tag, lepton ID...

CMS Simulation Preliminary (13 TeV)

:I?: . — double-b-tag
E [ — Subjet CSYv2 o
§ | —Fajetcswiz
%_;
0
'Q GaV , p, = 300 GV
o
0
=
10°°
0 02 05 04 08 06 07 05 08 1
Tagging efficiency (H—bb)
0
r 41 pb' (13 TeV)
i | 1T ¥ ¥ LA L ¥ ¥ 1
- CMS u|
1.05| Preliminary 1
; ]
0.95 1
0.8} B
Loose ID, p_ =22 GeV 1
0851~ _o- Dpata ]
- MC 1
08 ]
1.04F 3
1.02
1 ++—'—'—""*“¢—o—+—0—+
0.98+ +
0.96
2 -15 -1 05 0 05 1 15 2
muon 7
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—> Vizan NOn'TOp “stuff” at 13 TeV —> Laycock

20 pb' (13 TeV) CMS

Trigger paths S pp inelastic] % 4: SR | Ip >500MeV, =1
CM,S. — b o EHEE J = L [ e ATLAS Pr Iilm;rl;al e
Preliminary - if*' % PHOBOS { & 8:5p TrFrTHiAS Monash © !'r/’f
° °F iR B | NI - A
. v v or ] - -
Y Idow mass double muon + track i 5 — "- E;;’;IT_SI_'8UETPSS1 _ % E E
ouble muon inclusive = ] = C ]
5 4F 1 = 25¢ ]
S 1l = C 3
Z S 4 F El - .
g ° | -2 :
2 F e - N
T E 4l 15F =
. —— parabolic fit in In(s) ] L 1
ob— 4 1 sl P £ h

10’ 10° 10° 10*

Vs [GeV]
1 10, . : 10° (s [GeV]
uw*u invariant mass [GeV]
ﬂﬁpb_1{13TEV:l ) [ N T T T T LI B R T LI B
%1200 B I I I d I' [' I I GMSI ] E 1105_. ATLAS (MBTS, extrap.) —— pythia 8 =
g i |Sp . J LI‘I Preliminary . £ c c 2 100;—: :;;:i‘ALFA ----- Block & Halzen 2011 =
*g 800 p.= 10 GeV ] at 1 3 Tev (W]th B=0. . ! ) 80:— O  Auger (Glauber extrap.) ~ 7o casiEH —f
o i — Total fit E e pp(non-LHC) [ Achitietal. 3
L 600 - Combinatorial bkg ] 70 o —
- wnan JI"'P K+X 605_ _E
400} @ Signal - i
B 50 -
200} . . 405_ IIIIIII Preliminary 3
[ LA - T ——— a i ]
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Other 13 TeV SM measurements

— Laycock

(s 0 9’ = . . . 0
The “CMS Ridge” in ATLAS: 1 million Ws and 100k Z --> rates and ratios:
o
ATLAS Preliminary ATLAS Preliminary O'CJI-J
13 TeV, 85 pb™ 13 TeV, 85 pb”’ Lo
o
lumi ® exp. uncertainty lumi @ exp. uncertainty E
[ exp. uncertainty [ exp. uncertainty %
4 ABM12LHC A ABM12LHC (&
¥ CT10nnlo ¥ CTi0nnlo o
W NNPDF3.0 W NNPDF3.0 <T
® MMHT14nnlo68CL ® MMHTI ':I
(inner uncert.: PDF only) (inn W [ J <
00055006000 6500 7000 7500 8000 8500 95 ea( G 850
6 SO
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— 1 13 TeV,85pb"
Rz =olil /o
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e MMHT14nnlo68CL ® MMHT14nnlo68CL
P T R Cl N PP BT B B
z Fr T 1~ T 1.15 1.2 1.25 1.35 ) 9 92 94 96 98 10 10.2 104 106 10.8
> 0_04_{!1.;45 Preliminar GDSJU%[ U%I’;Uled
L E)SZJ[13T6V= =) b ' ' ' ' " 1 ArLas Preliminary _ : :
a = F . . ] 4 = | Z—=TT +jets l
- O N 1 78pb = =10 et ——Data =
| 5 e InClUS]ve Jets - 13TeVv 8, g F fsr_f:;sg?gﬂ'"my -¥ Sherpa 3
O [ 1 antik, jets, A=04 ﬁ ‘Z-I; 103;_ ’ —— Madgraph _;
0.02 '] 1” ¥l <05 S = E el E
L 8’ i 1 4 OATA (eyet. toad | ok antik, R=04 7
o b T NLOUETss Z| % 107 el pZ'>30 GeV
= C 1 xNon-per. corr. @) E V<25 3
— 0_6__ _ -“.—=F‘R=p¥m (—I) C B J ]
0 . ! = C ] Ml cre 2 10 5
| | s 0.4 Relative uncertainty of 9% in the T~ mmnr ] = - 3
‘II é é . A . . 5 g [ iniegrated luminosity not included ) .7 —4 nneor3 H| F Z+J ets - —
& 4102 B B0 7x10° B < E L3
p° [GeV] p. 16V Bofr
. = ST S e
o .o o ﬂ - » g
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Events / 50 GeV

Data/Pred.

BSM Searchers validating Top at 13 TeV

— Jeremy (Andrea)

CMS . Prleffnrfna.:y

— N 4;2pp'(|13'll'e\«'}
—e—Data ]
.t
102 Bl W+jets E
1 QCD 3
I vt
I DY +jets
10
1
10! =
2F —
F - 3
et
0 400 600 800 7000 1200
L, [GeV]

— Jeremy prime (Love)

> T 1 1 7T [ L [ T T T T | T T T T I T T T T |
(UgJ B o —8— Data 2015 (\s =13 TeV) 7
o10°E ATLAS Preliminary —— SM Total -
S E L-78pbt" I wiiess 3
- o
° i i EERARRERRN i i i s T I 2o 1
$ 10°= ATLAS Preliminary ¢ Data E il B Ocson E
(i} E [ Drell-yan tt = ]
- fs=13TeV, 85 pb” [ Di-Boson ] C CRT selection ]
. . I Top B
107 E_ Z' — e selection T Wejets — 1ok

"o

100 200 300 400 500 600 700 800

mg, [GeV]

Data / MC

ot

T I T 1 T T 1001

0 500 1000 1500 2000 2500

m,,(incl.) [GeV]

Not yet sensitive - use relaxed cuts to validate data
Top is an important background for many BSM searches
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«“gUSY is over-rated” \
+SUSY is OVerTa=s
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High mass searches immediately interesting

—> in some cases already surpassing LHC Run 1 sensitivity and limits

42 pb (13 TeV)
IIIIIIII IL

LI I LI | LI LI LU TEna I LI LI
— ] ATLAS-CONF-2015-046
E 1 . ?E — 9000 Rotating Black Holes n=G, Chanybdis2
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Di-jet events with Mjj > 5 TeV
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Monitoring closely: di-lepton mass spectrum
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What about Top measurements at 13 TeV ?

A wish from TOP2014 (C. Schwanenberger):

Inclusive tt cross section [pb]
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We have 5 inclusive measurements:
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New generation of MC tools

* Good to see new generation multi-leg (NLO + PS) MC tools
available, with new tunes and configurations, ready to be
compared to data and to each other
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— Skinnari

Boosted Top reconstruction

— Spannowsky
Increasingly important at higher centre-off-mass energies!

« Many many different algorithms, also dedicated b-tagging
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Boosted ttbar candidate (Mtt = 2.49 TeV)

— Skinnari ms . e
. Subjet 1, eta = 1.64 Subjet 3,

3
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Top jet candidate 2,
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( Summary )2

— Mulders

« Legacy of 20 years of Top Physics at Tevatron and LHC Run 1:
we have learned quite a bit about the top quark!

* Many exciting new results at TOP2015 (experiment and theory)

« Expect next revolution in top quark exploration from

— (Lots of) 13 TeV data
— Ever more precise MC Tools and theory (NLO+EW+PS / NNLO, PDFs)

— New reconstruction algorithms (esp in Boosted top regime)
— and with a bit of luck:

Travel home safely ... and see you at TOP2016 !!
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