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Top quark production @

» Top quarks: key to QCD, electroweak, and new physics
e Large mass - large coupling to Higgs (y ~ 1)
» Decays before hadronizing: “bare” quark

» New physics may preferentially couple/decay to top 13 TeV
U+ 24jets

» Major source of background for many searches (OIS, [

= Several million tt events produced in Run-l D7 2°

jet fromWw

» Great opportunity to study the details of | Set
top production mechanisms ot tom WL\
S 2

\

—> Exploit kinematic distributions in °'°L‘}\’~.A’\
different regions of the phase space exta jot

« Production of tt in association with QCD jets
or additional particles could reveal new physics

» Theory predictions & models need to be tuned
and tested with measurements
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Top pair production and decay @ >

» Top quarks produced mainly in pairs (tt), and by gluon fusion at LHC (~90%)

g t g m_ t [ Czakon, Fiedler, Mitov, arXiv:1303.6254 ]
W Vs W€ g (m =172.5 GeV)!
ol f g — f
9 {9 T 7 TeV 177.31 +10.1
—10.8
13.3
q t 8 TeV 252.89 F
>.mom,< —14.2 x3.3
- 831.76 +40-2
: 7 13 TeV _ 456

https:/ /twiki.cern.ch /twiki/bin/view/LHCPhysics/TtbarNNLO

" In SM, t 2> W*b (~100%) =» W decay modes define top final states

e, . - i
Mooy VET en,T jet jet

ﬂ MET
ot < ] : b-jet b-jet
% o het b-jet b-jet =

BR(1,c)~6% | _ v | BR(ue)~34% | | BR~28% ”
Low bg: d',I“,rt Moderate bg: | ,J Huge bg: Je )
Z+jets lieptons W+jets lepton + jets acp | all hadronic
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o)A (S
Menu for today @

Many new measurements for TOP2015:
https://indico.cern.ch/event/351006/

bjetVf tt production:
- Inclusive xsec
- Differential xsec
- Boosted xsec
- tt+jets, tt+b(b)

&« o -z

Selection of latest Run-| results

q First 13 TeV results based on
b jet\\\q‘ ~80 pb-' (ATLAS) and 42 pb-' (CMS)
of the early 50ns dataset
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tt cross section en “7+8” TeV — CMS % cms

Last word from Run-I in dileptons at CMS x10°  CMS-PAS TOP-13-004 50" (7 Tev)
. o o *3 16-cms * data
Selection: opp.-sign isolated eu pair, jets, b-tags S 14 preiiminary Nbjets _ I
_ _ W 4ok Q B tw/Aw
e Simultaneous 7 & 8 TeV template fit 10 oy
with systematics as nuisance parameters: 8 Exxn W/
‘e . E e
— Npjets @nd additional non-btagged Nje¢s Categories i;_ m’: systsstat
— fit to the softest additional non-btagged 2F
jet py distribution in each category —
5E-
- Large constraints on JES, extra radiation, b-tagging, etc ’%@1—1; \? . . i???i?i?ﬁiﬁ
0.5~ 1 2 | =3
tlid multiplicity
" S 2 b-taggedjets 19.7 fb™' (8 TeV)
: * dia 3 2 add jet >3 add jet , M
‘ % J J Preliminary
.slgnal g
Dbackground
HMCsyst#smt
0o 1.2 E
L Bt bl SE—
40 60 80 100 120 140 50 100 150 200 250 40 60 80 100 120 140 160 180 200
p, [GeV] p, [GeV] p, [GeV]
7TeV:|og = 174.5+2.1(stat) £33 (syst) £ 3.8(lumi) pb [(+3.6% - 3.4%)

8 TeV:|og = 245.6+ 1.3(stat) +8¢ (syst) & 6.5(lumi) pb |+3.8% - 3.5%)
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» Use en channel - very clean

Selection: opposite-sign isolated eu pair,
1 and 2 b-tagged jets

» Analysis strategy follows Run-I ATLAS
best measurement

 Simultaneous determination of o, and b-tag
efficiency in events with 1 and 2 b-tags

Ny = Logeeu2ep(1 — Cpep) + N1bkg
No = Lo€e, Coel + Ngkg

- Minimize jet and b-tag systematics

Oy = 825 + 49 (stat) + 60 (syst) + 83 (lumi) pb

Dominant syst: luminosity, tt modelling, electron ID

ATLAS-CONF-2015-033

0 450¢ | | | | ]
S 4005 ATLAS Preliminary e Data 2015 -
> — e - - -
@ PE 1s=13TeV,78pb" [ ff Powheg+PY
350~ Nbjet m Wt -
. m 0 Z+jets ]
300=—e—_ "V Dboson -
= B Mis-ID lepton 7
2501 N -
o 1 7
200F S E
150 % _i
100 <
50 =
00 1 > >3

Nb-tag

(14%) * £,,: product of b-tagging efficiency &

jet kinematic acceptance for tt events
R leptonic acceptance

» C,: tagging correlation
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= ee, uu channels: same method as for ep

Events

Selection: OS isolated ee/uu pair, 1 and 2 b-tags
+ additional cuts to suppress DY and low m; resonances 10°

= Combined ee and py:

Oy = 749 £ 57 (stat) + 79 (syst) + 74 (lumi) pb | (16%)

Dominant syst: luminosity, tt modelling

= {t/Z ratio: interesting for PDF fits

T | L L | T 17T | T 1T I T 17T T 17 T T T T T T

Luminosity ATLAS Prelimina_11ry
. 13 TeV, 78 - 85 pb

uncertainty

cancels in N data + total uncertainty

the ratio | data + stat. uncertainty
A ABM12LHC B
v CT10nnlo [+
B NNPDF3.0 -
® MMHT14nnlo68CL @+

(NNLO QCD, inner uncert.: PDF only)
1 1 1 | 1 1 L 1 | L 1 I 1 1 I 1

L1 I L1 |

L I 1 L L 1 1 | L L I 1 1
0.15 0.2 0.25 0.3 0.35 04 045 0.5
G:TO‘ / ot

. ATLAS Preliminary * Data
5=13Tev,85pb" LIt

B single top
WW: M Z+jets
N bj et Diboson
I NP & fakes

1 2 3
b-tagged jet multiplicity
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t't cross section in ey at 13 TeV — CMS :

Is there a first glimpse of New Physics ?

= Use eu channel

Selection: opposite-sign isolated eu pair, = 2 jets, no b-tags

= Cut & count approach (simple and robust)

50

42 pb” (13 TeV)
i +0F Dat
= CMS e'n - Data
qJ -
>150- N U
o
S
S100r
£
=)
Z

0
o 17
s I ¢
E 1 e § .................. i ................... ;....................................... B RS (RRRRLREEELIEEETIED JRRREEA
3 }
O o3 ' ' '
0 1 2 3 4 5 6 >7

Number of jets

Number of events

Data/MC

40

20

CMS

arXiv:1510.05302, submitted to PRL

o = Ndata_kag
etf f Ldt
42 pb' (13 TeV)
" . Data vV CMS ey +>2jets
B i B W Ad(e,u)|

- NonW/Z W Ziy* — ey’

.....

......

.......

08 09 1
Ad(e, w)| (rad) /

g = 769 * 60 (stat) &= 55 (syst) & 92 (lumi) pb

(16%) Dominant syst: luminosity, trigger &

lepton efficiencies
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% tt cross section in l+jets at 13 TeV — ATLAS

= ¢/utjets channel

Selection: e/u, > 4 jets, > 1 b-tag

ATLAS-CONF-2015-049 %

+ additional cuts to suppress W+jets and QCD background

= Cut & count approach

> .
21 400E

~1 200{-

Events /10 G

1000
800
600f

400F
200

I+jets

pe
ATLAS Prellmmary i
/s=13TeV, 85 pb”

w
My

50 100

o = Ndata_kag
etf f Ldt

, —— x10°

"o Data - > 1077 N e Data "]

1 (O] . ATLAS PreInmmaryD

Bl singletop ] = 8l (s=13TeV,85pb" g Singetop ]
Diboson ] E L l+jets ] Diboson 1
Wajets B 3 7 pr(jet) Wijets ]

I Z+jets 1 6l B Z+jets -

Bl NP & fakes - B NP & fakes ]

mi = \[2p} Em(1 - cos A¢)

150 200 % 50

my' [GeV]

Oy = 749 £ 57 (stat) + 79 (syst) + 74 (lumi) pb | (16%)

.
100 150 200
Jet P [GeV]

Dominant syst: JES, luminosity
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The full picture @

\os
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]@

_Q I 1 1 I I 1 1 1 l I I 1 I I 1 I l 1 I I I
(o) LV Tevatron combined* 1.96 TeV (L=8.8 fb'1) " Sep 2015
e = ATLAS ou 7 ToV (L4 6 b ) ATLAS+CMS Preliminary p
S 3 ® CMSeu* 7TeV (L=5fb") LHCIopWG
=2 10° & ™ ATLAS en8TeV (L=20.3 i)
O — ©® CMSep*8TeV (L_197fb)
() — ¥ LHC combined eu* 8 TeV (L—5 3-20.3 fb’)
(7)) ~ ™ ATLAS ey 13 TeV (L=78 pb )
) — e CMSeu* 13 TeV (L=42 pb")
»n — A ATLAS ee/up* 13 TeV (L=85 pb )
O O ATLAS I+jets* 13 TeV (L=85 pb’) ! ]
o O CMS l+jets* 13 TeV (L=42 pb’) 1000+ 4
| et L 4
o 1 02 * Preliminary
() — .
.2 [ i ]
) — 800 1 -
S - . ]
= B i
c i i ]l
B 600 1
m=— NNLO+NNLL (pp) ]
B &=—— NNLO+NNLL (pp) 13 Vs[Tev] |
10E Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 =
— m, _ =172.5 GeV, PDF(-? o uncertaintief according to PPF4LHC ]
I | 1 P | I | | 1 Sl | | | | | | |
2 4 6 8 10 12 14
Vs [TeV]

» Good agreement among all measurements, also with NNLO+NNLL theory
= 13 TeV results dominated by luminosity uncertainty: ~10% ATLAS, 12% CMS
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Top pair differential cross sections @

Scrutinize tt production in all channels as a function of many kinematic observables

= Main analysis ingredients

» Tight event selection > pure ft sample ‘
Number of -

« {t kinematic reconstruction events

* Bin-wise cross section measurement e —... 'f%” \
» Unfolding: correct for detector effects & acceptance

AX, = bin width for variable X

do;  unfold(s] — b{")
dX  AX.[Ldt

= Compare to theoretical predictions

e Parton or particle level,
in full or fiducial phase space

> - ey + Jets Combined . 1

= ]

Ol a5l — ph 1

= " S MC@NLO 1
= k3

» Absolute or normalized to in-situ measured o(tt) ~ =) POHES
. . ) 18] Differential
* Normalization: many systematics cancel, o(tt)
only shape uncertainties contribute

40 60 80 100 120 140 160 180 200
o, [S8Y]
T [4
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The p-(top) distribution in Run-I *@{Z

CMS, 19.7fb'at 1s =8 TeV

pr spectrum softer in data, in particular at the tail
- impact also on searches, ft+H

CMS: Observed consistently in all channels, 7 & 8 TeV

ATLAS and CMS data appear in good agreement at 8 TeV
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The p+(top) distribution in Run-l

CMS, 19.7fb'at 1s =8 TeV

e

CMS

n»r-=x»

x10° )
% B e+ dets @+ Data ] % pr spectrum softer in data, in particular at the tail
o b I VEY S et % > impact also on searches, tt+H
gy o “ o S
E —-Powheg+ i ¢ . '
B B IR Approx NNLO o  CMS: Observed consistently in all channels, 7 & 8 TeV
4: (Phys.Part.Nucl. 45 (2014) 714) _: B
E . 1 o
I, S I*jets & = ATLAS and CMS data appear in good agreement at 8 TeV
25 = 8
1k (1)
i !
160 8 Full NNLO calculation available !
2| 14 ¢ o ' v v ' v T r
3l 12 < I — RSO —— N
ﬁ o 1 E % [ — NLO ssseass
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2 o o oWenYen,m ] T 2.1 Mmoot (6o, observed slope, in
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‘High pr tops: entering boosted regime

Measure top quarks at high p; using
optimized event selection &

[+jets channel .
A:pr>300 GeV

A: Mini-isolated C: pr>400 GeV

reconstruction up to TeV range ! C: Non-isolated
lepton Hadroni
= Parton and particle level, e atoc; 'c
full and fiducial phase space Leptonic
top

= Slightly softer p; spectrum in data
for both ATLAS & CMS

do anp‘ fb/GeV]

Pred. / Data

10"

102

arXiv:1510.03818, submitted to PRD

10 T R L B B LR B
_ﬁ",-_‘ Fiducial phase-space  (=)a 1
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B o v POWHEG+PYTHIA a
E s ¢ ALPGEN+HERWIG E
= = . » MC@NLO+HERWIG 3
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| '_.lL |
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| s=8Tev,203 10" . . ]
n A
2 ...... Leedesdoed I I A FYE 9T L.; ......... l...{ ...... Teedoool ;l ......... T | BARINTAT LJ; ........... ! SN P AP e Toediooter Teediools
1.5k @ sesinggsss “ g . { :
1,_'.‘vn'lt.n"" nt et ' *
0‘5 .....................................................................................................................................................
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300 400 500 600 700 800 900 1000 1100 1200
Particle top-jet candidate p_ [GeV]
1

b-tagged | | Large-R jet, top-tagged |
CMS-PAS TOP-14-018 19.7 o™ (8 TeV)
E 102 Cs. CMS preliminary E
— - ¢ Data ]
- - . —— Powheg+Pythiab tt ]
§- . --- MadGraph+P.ythia6 tt
B 10° Stat. Uncertainty =
'g E Stat. @ Syst. .
= f i
10+ 3

Theory/Data
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CMS

tt differential at 13 TeV — CMS :

<102 CMS Preliminary 42 pb' (13 TeV)
T T T ]

= R A LR LR AR R RS R AR ]
. S E Dilepton E
Important first test of QCD at 13 TeV s Poma
= 6F T — Powheg+Pythia8
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» Parton level, full phase space mlo ap -+ MagGraph+Pyinas § 0
_ _ _ 3 . dileptons:{ &
= New generation of MCs available, with 2t ¥ pr(top) 1 S
new tunes and configurations, are compared to data oL —
E i Stat. 1 &
. . > 1.5 - Stat. @ Syst. E -
» Good agreement between data and predictions S8 { ©
[

0 50 100 150 200 250 300 350 400

1 p; [GeV]
P 42pb” (13 TeV) 42pb" (13 TeV)
: 20 CMS l+jets T I+jets
> - S ]
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cMs

Jet multiplicity at 13 TeV - CMS ~ =jug1s%

Large fraction of tt in Run-I have extra hard jets from initial or final state radiation

» Detailed study of pQCD at the highest scales t FSR
= Reveal presence of new physics in ft+jets final states, bg for fi+H t%%%
= First jet multiplicity results at 13 TeV ISR
* Measured at particle level in fiducial phase space
CMS Preliminary 42 pb™ (13 TeV) 06 42 pb’' (13 TeV)
g F_1 ! T © UL CMS l+jets
8-> [ Dilepton s 30 GeV, 'l < 2.4 o BT E Praimi :
3= p pe'> : S|l . _E Preliminary N(add jets) —- data )
T i * Data = g 051 [ sys @ stat =
—~b 10F . Powheg+Pythia8 £ _ 7 Feeeeeeoees :]si/at 7
- Nlets) oo 13 naEes -+ Pouheg Pytia8 | 2
i - » C — Powheg Herwig++
ik ... MadGraph+Pythia8 ¥ - - g++| »
F | ? : — - Madgraph 5
2 g - ;_ —— ——— g
1 o© - TEmmmmmmmmEes 8
) ) 01F ———
L A s | . : —
.5 | Stat. L ot . | | |
> Stat. @ Syst. | 14 —_—
S8 ] T,
=R £ Le] 0.81 e Tr
0.5 0.6 .
: 2 >=3
2 3 4 =5
N additional jets
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tt+b(b) production at 8 TeV — ATLAS

arXiv:1508.06863

Irreducible, non-resonant . ‘ 2 yEYS P o

in - b 3 4 Ys=8 TeV, 20.3 fb™ (o [z+iets

background for tt+H(bb) “5?;<5 i 10 i e Cowesn

B Bttt WINP & fakes]

g “TTTTTTTTTT" t 10° 23j22b 3

= tt+bb in dileptons (ee, uu, ew) e et -
tt+b in |+jets and in eu channels 102

= Signal extraction by fit to MVA b-tag discriminator (tt+b, tt+bb) 10
and cut-based (tt+bb)

1
. e B 1.2
= Compare to different g->bb splitting models s
© 0.8 _
a . ‘ .
1 0.8 0.7 0.6 05 0
21+4j+2b 21+ 3j+2b 11+ 5]+ 2b MVic efficiency
ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS -
‘ out-based \s=8Tev, 203" | ttob dilepton ATLAS B
fitbased MG~ B B .. Measurement results /s=8 TeV, 20.3 fb
Ol | Measurement result
: stat. @ syst. |} stat.
@  aMC@NLO+Pythias (BDDP) stat. © syst. stat.
r-!—| B aMC@NLO+Pythias (H /4) KA V' MadGraph+Pythia
A A Powhel+Pythias (H/2)
: * X pythia8 (wotqd)
) V' MadGraph+Pythia
E > * X Pythia8 (wgtq3) L + Pythia8 (wgtq5)
+ o Pythias (wgtas) R R
E €@ Pythias (watqs, sqtq=0.25) Fythiad (wotes, 94=0.29
A‘ /\  Powheg+Pythias (inclusive tf) JA A Powheg+Pythia6 (inclusive ff)
/// l‘ L 1L l L 111 II 11 I 1111 l 1.1 11 ll
5101520253035 20 40 60 80 500 1000 1500 1 15 2 25
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M. Aldaya 18 LHC Discussions, 02.11.15



tt+b(b) production at 8 TeV — CMS %

arXiv:1510.03072,
submitted to EPJC

» Dilepton channels:

e Differentially as a function of the kinematic properties of the additional b jets

19.7 b (8 TeV)

19.7 fb' (8 TeV)

CMS

; _II|II||||I||||l||||1|||||||||||||||_ ;‘ Elllllllllllll|||I|||I||II|||||II||I||:
D 10-2 L CMS L4 Data - o} u CMS o Data
(2 8 Madgraph+Pythia6 E Q r ttbb PowHel+Pythia6
e - ttb -==. MC@NLO+Herwigs g 108t -
T TI_L E°W:eg+: ythi'?‘se 1T o1 8 . Comparison with I
o) F= T [V S owhegrrentig ER N = i NLO ttbb calculation |
o] IS . 7 Sl _
10F E
10 E - ]
L 10'5 E_ |
Sloac et e b b b b _'11,'1',lllll"lllllll!IIlII!lIII!IIII:
10 - Stat. . - 3 [ Stat. b
by © 2+ Stat. ® Syst. R R N N R L 5w Stat. ® Syst. 7]
O |+ L pEiaimraca A A ol - | |
o|® imimimimimimimim { _GCJ 8 2
ElP 1 =R |
0 ™50""900 150 200 250 300 350 400 O ™50 100 150 200 250 300 350 400
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19 LHC Discussions, 02.11.15

M. Aldaya




N
ner-»

Very rare processes in SM g
» Measure couplings to bosons

t+Z and ti+W at 8 TeV - ATLAS =SS5

= Important background for BSM and tt+H u

= 4 signal regions based on selected leptons: opposite sign (OS) 2I, same sign (SS) 21, 3l, 4l
« Extract {t+Z, tt+W simultaneously in a binned profile likelihood fit

* Increase sensitivity: also split into jet and b-tagged jets categories, m;; compatibility with Z

arXiv:1509.05276

S  FATLAS 5oL 20| | ]

g 10°kY5 = 8 TeV, 20.3 fb” CRi 2LOS 2LSS 3L o 4L_

= @ Data  [JTotal unc. - L i

3 10° @Top  [ECharge misiD : ]

1] v -Fiake leptons [

L% 104 =:aresm gg 4 - -
10° 3f .
10° of

1f

0

noZ Z Z 2z Z noZ noZ Z ee eu np Z Z Z noZ

DF DF DF SF SF
1-2b  2b 2b Ob 12b 1-2b 2b 2b+ 2b+ 2b+ ib 2b+ 2b+ 2b+ 0Ob 1b 2b+ 1b 2b+

3 3 4 3 4 5+ 5+ 4+ 3 4+ 23
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% ti+Z and ti+W at 8 TeV S

arXiv:1509.05276 CMS-PAS TOP-14-021
— 600 B |A| lMs LI w I I LI I L L I L I 1 l- 600 - —
2 - o *  ATLAS Best Fit s + SM / | 80
5 - it —— ATLAS 68% CL 5] *  best fit y
5 s00fs=8Tev, 203f0" ATLAS 95% CL = 500 70
3 B S ? %+ NLO prediction* 1 B
g - = 7 tiZTheoryuncertainty - = 60
5 400~ e $ U fiW Theory uncertainty | < 400| -
N R . 1 8 50 =
C ] g =
300~ 1 & 300 a0
n 1 w "
200~ sl G 200 0
- ] § 20
X . 100 |
100 = B
: it i 5 ="
: i's [ * Madgraph5_aMC@NLO calculation : 0
o AN B! g i BT B RS S S A B 0 100 200 300 400 500
0 100 200 300 400 500 600

ttW cross section [fb]
ttW cross section [fb)

7
O o(ttW) = 369712 fb — 5.00 obs. (3.2 exp) @ o(ttW) =382, fb — 4.85 obs. (3.5 exp)
65
@ o(ttZ) = 176758 fb - 4.20 obs. (4.5 exp) @ 0(ttZ) =24275; fb - 6.00 obs. (5.7 exp)

tt+Z, tt+W production established !
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CMS

Summary %

ne»r-p»

» Top quark physics: key to QCD, electroweak and New Physics

* Top quark production
e tt inclusive cross sections measured with 4% accuracy
 Differential: resolved vs boosted, parton vs particle level

. tt-+heavy flavour production: irreducible, non-resonant background for ttH(bb)

* Observation of tt+Z/W/y: potential to verify top couplings
= First 13 TeV cross section results are now available !
= So far, good agreement with SM predictions

\
* Run-Il: expect 100 fb! by end of 2018: “ead :
~80M tf, ~20M single top, ~80000 ttZ and tZ events Y- ) a

* Trade off statistics for systematics *G‘\““a\j T
e Access to new physics in the top environment 3"

ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Additional information



Single top

= Cross section proportional to [V |?,
test unitarity of CKM

CMS

¥

n»r-=x»

\

b w
w+ q t
t & V,~1 w e t
Vud Vus vub t: t
VCKM = vcd vcs vcb g _
g r b g t
Vrd vts th b
t-channel s-channel tW-channel
= Probe for new physics (4" gen., FCNC)
= Sensitivity to b-PDF and u/d-PDF approx. NNLO, 2%3212%%.&%°7"zf‘§b§2”
- _ 8 TeV (pb) 13 TeV (pb)
= Large backgrounds: tt, W+jets, QCD
t-chan 86.5+3.4-24 248 £5 (x 2.9)
» Typically apply multivariate techniques
(NN, BDT) using full event properties tW-chan | 22.0+2.5 704 +3.7-3.8 |(x3.2)
to maximize SenSitiVity s-chan 565+022 11.17 +£0.42 (x 2)

= Single top well established at LHC:
e s-channel: First evidence at LHC in Run-l from ATLAS !

e t-channel: First result at 13 TeV from CMS !

ATLAS-CONF-2015-047

CMS-PAS TOP-15-004
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Single top summary in Run-i

- ATLAS+CMS Preliminary LHCtopWG ATLAS t-channel .
. . PRDS0(2014) 112006, ATLAS-CONF-2014-007

— Single top-quark production Sep 2015 e CMS tchannel —

JHEP12(2012) 035, JHEP06(2014)090

O ATLAS Wt
- PLB716(2012) 142, paper in preparation —

RN
o
o

CMS Wt
— - PRL110(2013) 022003, PRL112(2014) 231802 -

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

= t-channel A ATLAS s-channel .
ATLAS-CONF-2011-118 95% C.L.,

L 4 ATLAS-CONF-2015-047 -
¥ CMS s-channel, 95%C.L.

L CMS-PAS-TOP-13-009 -

o)
o
I
I

NNLO PLB736(2014)58
- My= 172.5GeV, MSTW2008nnlo

| scale uncertainty

Total inclusive cross-section [pb]
Qo
(@)
I

=== NLO+NNLL PRD83(2011)091503,
PRD82(2010) 054018, PRD81(2010) 054028
M= 172.5GeV, MSTW2008nnio —
Wt: fT contribution removed

— scale @ PDF & a uncertainty, —

N
o
l

- NLO NPPS205(2010) 10, CPC191(2015) 74
Myg= 172.5GeV, SRS My, -
CT10nlo, MSTW2008nio, NNPDF2.3nlo (PDF4LHC)
Wt: p'T’ veto for ff removal=60GeV —

20—

i =3 i - scale uncer(ainilynd S ; -
B 1 scale @ PDF @ « uncertainty i —
— s-channel E— All exp. results are w.rt. m = 172.5GeV —
| o s TeV)
CMS 7+8 TeV LHC 8 TeV siie
lvtblt-chagnel =1.00 £ 0.04 lvtb|Wt-channel =1.06  0.11

in good agreement with |Vib|giobal sm fit = 0.99914 *+ 0.00005 Chin. Phys. (38 (2014)
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o
n

t-channel total cross section [pb]@

Single top t-chan

I I I I | | I 1 1 1 I

CMS

Preliminary

CMS
nel Sep'15 . |
I I LA I_

I I I I I I

]

Tevatron 1.96 TeV (L < 9.7 b )
arXiv:1503.05027

u A CMS7TeV(L=1.17156") _
JHEP 12 (2012) 035

10 £ m CMS8TeV(L=19.7f") =

a JHEP 06 (2014) 090 -

- ® CMS13TeV(L=42pb™) -

N NLO+NNLL QCD = (scale ® PDF) CMS-TOP-15-004, preliminary _

Kidonakis, Phys. Rev. D 83 (2011) 091503
1 I 1 | l | | | I | | | I 1 1 | I | | | I | | | l
2 4 6 8 10 12 14
Ot.ch, = 274 + 98 (stat.) + 52 (syst.) £ 33 (lumi.) ﬂ /s [TeV]

3.50 Obs. (2.70 Exp.)

CMS-PAS TOP-15-004

M. Aldaya
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= %

Cross sections: 13 TeV / 8 TeV @

Minimum bias 1.2
W(ln) 1.6
Z(l)

1.7 q t
. e
7 2.0 'S q
t (s-channel) 2.2 g b

t (t-channel) 2.5 ¢

H (ggF) 203 g ;

H (VBF) 2.4

WH 2.9 9 t

tt 3.3

ttZ 3.6 g ¢

ttH 3.9 z

A(0.5 TeV, ggF+bbA) 4.0 9 !
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z'SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

nr»r-»

Cross section ratios: 13 TeV / 8 TeV

, 9000
“ vy

1 10 100 1000 10000
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Run-l inclusive tt cross section

{*) Superseced by results shown below the line

Effect of LHC beam energy uncertainty: 3.3 ¢
(not included in the figure)

I|IIII|IIIIIIII|I

50

100

150

200
o, [pb]

250

300

350

a9 -
DESY

~@e

ATLAS+CMS Preliminary LHCtopwG o, summary, fs=7TeV Sep 2015
,,,,,,, NNLO+NNLL PRL 110 (2013) 252004, POFALHC

My, = 172.5 GeV e —
B scale uncenainty 7 Tev total stat
scale ® PDF @ o uncertainty 0, +(sta) +(syst) =(umi)

ATLAS, l+jets 179+ 4« 9v7pb L.=07 b
ATLAS, dilepton (%) 173617 Jpb L=07M
ATLAS, all jets () 1 167+ 18+ 78+ 6pb L=10M
ATLAS combined 177+3'2+7pb L.=071.0%
CMS, l+jets (%) 164+ 3212+ 7pb L, ~081.1 b
CMS, dilepton (%) 170+ 4+ 16+ 8pb =111
CMS,t,_+u (") 149+ 24 + 26+ 9 pb L1
CMmS,alljets () F 136+ 20+ 40+ 8pb L.
CMS combined 166+ 2= 1128 pb L.=08-1.1 %"
LHC combined (Sep 2012) 173+ 2+ 8=6pb L2071 10"
ATLAS, l+jets, b—=Xuv 165+2+17=3pb L =47 b
ATLAS, dilepton e, b-tag 1829:31242+36pb L.=45Mb
ATLAS, dilepton ew, N_ €7 1812228 ,1+33pb L =45
ATLAS, v__+ets ‘ t 1 194+ 18+ 46pb Lt
ATLAS, all jets ' 168+ 12 5+ 7pb Lt M
ATLAS, 1+ 183+ 9+23+3pb L=46M
CMS, l+jets 158+ 2+ 10+ 4pb L2223
CMS, dilepton ey 1745=21"..+38pb L =50m
CMS,t, +l 14314222+ 3 pb L22M
CMS, 1, +jets 152+ 12+ 32+ 3pb L.=391
CMS, all jets —t——t— 139+ 10+ 26+3pb L =asm” ©

ATLAS+CMS Preliminary LHCIOpWG o,; summary, Vs =8TeVv

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC

m,,, =172.5 GeV total stat
8 I ev Oy =(stat) =(syst) =(lumi)

scale uncertainty
F—#—260=1"2+8pb

—1
scale @ PDF @ «g uncertainty

ATLAS, lepton+jets
PRD 91 (2015} 112013, L;,=20.3 0"

CMS prel., lepton+jets —t——t—iy

29
228 =9 :26 + 10 pb
CMS-PAS TOP-12-006, L,,=2.8fb"

CMS, lepton+t,
PLB 739 (2014) 23,

f——d8—+ 257+3x24=7pb

L,.=196"

ATLAS, dilepton ep -y 242.4+1.7+55=7.5pb
EPJ C74 (2014) 3109, L;,=203fb"

CMS, dilepton (ee, uu, eu) o4 239.0+2.1+11.3=6.2pb
JHEP 02 (2014) 024, L,,=5.31"

LHC combined ep (Sep 2014) | 2415 +1.4 = 5.7 + 6.2 pb

ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,
L,,=5.3-20.3 b~

CMS prel., dilepton e . - 2456+ 1.3 55+ 6.5pb
CMS-PAS TOP-13-004, L, =19.7 fo
CMS, all jets } -t i
CMS TOP-14-018, L, =18.4 0" 2756 +6.1+ 37.8 =+ 7.2 pb
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure
||||||||||||||||||1||||||||||
150 200 250 300 350 400
oy [Pb]

All channels measured to look for the unexpected
Good agreement with NNLO+NNLL

Precision of ~4% (dilepton channel), similar to
theoretical prediction

M. Aldaya
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Category: Ny.t59 = 0,

1

Category: Ny.t5g

=2

Category: Ny ¢4

1
r

CMS

- = (11 7
Top pair cross section ey “7+8” TeV
x10° - ‘ 0 or >2 b-tagged jets\/19.7% ' (8 TeV)
= 0 add jet ] i
5 8" 1add jet - 2addjet . 23addjet s
w 2]
&
O

¥00-€1-dO1 SVd-SIND

40 60 80 100120140160180 40 60 80 100120140160180 40 60 80 100 120 140 160 180 200
p, [GeV] P, [GeV] p, [GeV]

1 b-tagged jet  19.7 b (8 TeV)

@ Wt > 1035r' . E . £ .
2 6000 O add jet , 3 1 add jet 2addjet - 23addjet , M
e = — 8 10°F —y
4 5
>
w
2

[rrey
| S—

40 60 80 100120 140160180 40 60 80 100120140160180 40 60 80 100 120 140 160 180 200

p, [GeV] P, [GeV] p, [GeV]
2 b-tagged jets 19.7 ib”' (8 TeV)
> E E E
£ i E . E . CMS

§ ; 1 add jet i 2addjet = 23addjet e,
=

(Y]

>

w

@ "23“ - ™ - > ' 'Y § , }»A + i
ggo,&*""‘ N %Lé' ¥ * ' :

40 760 T80 100 120 140 50 100 150 200 250 40 60 80 100120140160 180200
p, [GeV] P, [GeV] P [GeVl ) 10.15




Top pair cross section ey “7+8” TeV Z

» Results: ) ) CMS-PAS TOP-13-004
. . Source Uncertainty [%)
o(7 TeV) =174.5 X 2.1(stat) *45_, o(syst) £ 3.8(lumi) pb (+3.6%-3.4%) 7TeV | 8 TeV
» Trigger 1.2 1.2
0(8 TeV) = 245.6 . 4 1.3(stat) +6‘6.5,5(Sy5t) * 6.5(Ium|) pb (+3.8% -3.5%) A P VAT PR T4 153
Lepton energy scale 0.1 0.1
Jet energy scale 0.7 0.9
ovis(? TeV) = 3.05 +0.1‘_°.1o pb (+3.5%-3.4%) R (8 [7 TeV) =1.41% 0.06 (stat +syst Jet energy resolution | 0.1 0.1
0,is(8TeV) = 4.24 **'%,,,; pb (+3.7%-3.4%) R(7/8 TeV, NNLO) =1.430 2ngeto et
tt other 0.1 0.1
ti+V 0.0 0.1
— +1.7 Diboson 0.2 0.6
Top pole mass m, =173.6 *'7, s GeV Wetiets oo | oo
CD 0.0 0.0
g 280 el T 4.5 g L (8 TeV) g—tag 0.5 0.5
:.:2roi— e Mos §E E” - CMS —— Observed +1o,, 3 Mistag 0.2 0.1
zso os £ [ 4E_Prefiminary © - Expected E Pileup 0.3 0.3
250 L B35F — 1 QTscale 03 | 03
240 e f e ] ME/PS matching 0.2 0.1
220 02 2 3 E MG+PY — PH4PY | 02 | 04
266 170 THT T VIS I IS T 177 v7e O §2.5F B Hadronization (JES) 0.6 0.8
m™ (GeV) = E Top pr 0.3 0.3
SUSY Constraints from ttbarCross £ 3 Color reconnection 0.1 0.0
44 cF P
. . 1.5F Underlying event 0.0 0.1
Section: Stop quarks withmasses :\3 )i PDF 0.2 0.7
below 189 GeV are excluded S Luminosity 22 | 26
. . 0.5F r 01 cev Statistical 1.2 0.6
(for light neutralinos) e e
950 160 170 180 190 _ 200

Similar level of exclusion by ATLAS m. (GeV)
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tt cross section in ep at 13 TeV

Uncertainty Aee,, / Eep ACy/Cy | Aoyifog
ATLAS | @) @) | @) CMS

gﬁi)m;?:esnmg 19 03 gg Source Ay (pb) _Ac;/ 0 (%)
|—tfhadronisation 40 05 | 45 Trigger efficiencies 34 44

Tnitial/final state radiation I ol 12 Lepton efficiencies 26 34

Parton distribution functions 1.3 - 1.4 Lepton energy scale <1 <0.1

Single-top generator” - - 0.5 Jet energy scale 12 L5

Single-top/f interference* - - 0.1 Jet energy resolution <1 <0.1

Single-top Wt cross-section - - 0.5 Pileup 54 0.7

Diboson modelling* - - 0.1 QCD scales 1.5 0.2

Diboson cross-sections - - 0.0 NLO generator of tt signal 15 1.9

Z+jets extrapolation - - 0.2 Modeling of tt signal 14 1.8

Electron energy scale/resolution 0.2 0.0 0.2 PDF 18 24

Electron ?denti.ﬁcation 3.6 0.0 4.0 Single top tW background 13 17

Electron isolation . 1.0 - 1.1 VV background 35 05

Muon fnom.entm?l scale/resolution 0.0 0.0 0.1 Drell-Yan backgroun d 49 05

Muon identification 1.1 0.0 1.2 Nonprompt leptons back d 79 10

Muon isolation 1.0 . 1.1 promp eP ons backgroun - .

Lepton trigger 1.3 0.0 1.3 Total syst(?mat.lc 55 72

Jet energy scale 0.3 0.0 0.3 (w/o0 luminosity)

Jet energy resolution -0.1 0.0 0.1 Integrated luminosity 92 12

b-tagging B 0.1 0.3

Misidentified leptons - - 13

Analysis systematics 6.4 0.6 7.3

Integrated luminosity - - 10.0

Total uncertainty 6.4 0.6 13.7
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tt cross section at 13 TeV - ATLAS @

Uncertainty Dilepton  Ac/o; (%) Uncertainty I+jets A i/ o (%)
Data statistics 7.6 Data statistics 1.5
tf NLO modelling 2.6 tf NLO modelling 0.6
17 hadronisation : 7.9 1t hadronisation 4.1

_Initial/final state radiation LS Initial/final state radiation 1.0
PDF 3.7 PDE 0.7
Single-top W cross-section 0.6 Single top cross-section 0.3
Snflglc-top mterfenfncc <0.05 Diboson cross-sections 0.2
Diboson cross-section 0.4 Z+jets cross-section 1.0
Z+_!CIS = eefup mO('iellmg = W+jets method statistics 1.7
Z+jets = 11T modelling 0.1 . .

i W+jets modelling 1.0
Electron energy scale 0.3 El al luti 01
Electron energy resolution 0.2 ec_trmnmmM -

[ Electron identification 3.6 Electron identification 2.1
Electron trigger 0.2 Electron ls?lauon 0.4
Electron isolation 1.0 Electron trigger 2.8
Muon momentum scale 0.1 Muon momentum scale/resolution 0.1
Muon momentum resolution 1.1 Muon identification 0.2
Muon identification 0.8 Muon isolation 0.3
Muon trigger 0.6 Muon trigger 1.2
Muon isolation 1.0 E™ scale/resolution 0.4
Jet energy scale 1.2 Jet energy scale iy
Jet energy resolution 0.2 Jet energy resolution 0.6
b-fag.gmg efficiency 0.8 b-tagging 4.1
Missing transverse momentum 0.3 NP & fakes 1.8
NP & fakes 1.5

- - Analysis systematics
Analysis systematics 11 0
Integrated luminosi *
Integrated luminosit 10 flcgrated UmmnosTy =2

+17

Total uncertainty 14

Total uncertainty
M. Al
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tt+b(b) production at 8 TeV — ATLAS @

Dilepton and I+jets ttb | Dilepton ttbb (cut-based)
O tt+jets selections: /0 High purity tt 4-b-jets selection (tighter b-tag
| » Dilepton (23-jets) criteria)
0 SepnlEe | » ttbb 68%, ttbX 16%, other 16%
© E'-.?:'gk;ilrlikgeg?s(::?sn giamtglra(tlacg :;;);?gfd © Event counting method to extract cross-section
highest jet ordered in MV1c o Correlated scale factor for ttbb and ttbX

© 3 uncorrelated & unconstrained fit o o .
parameters | Dilepton ttbb (fit-based)
8 SO ———— , O 2 4-jets selection
ATLAS ¢ Data [/Single top |
g Olagg 0TV 2030" 0w IS 0 Template fit with 3™ and 4% jet in MV1c
ttb @ 10 T T T 7 © 4 uncorrelated &
1,26),22b , g unconstrained fit

Post-fit
A parameters

> ttc » ttbb

» ttbX

% . tl » tteX

° '1 08 07 08 5 0 § e > X
MV1c efficiency - ‘g 5k -

1
0
MV 1r afficiancy hin - -
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tt+b(b) production at 8 TeV — CMS Z

= [+jets channel: CMSPreliminary __19.6" fb (8 TeV)
S ® data W other tt " diboson
: : : T 105k g MC  Misingletop  RHW
 Signal extraction by fit to the measured b-tag discriminator 27 F miice Wajets  BEtLH
in different N. ... and Ny categories gloy Mitvaa - Fzwes Hiee
In difreren jets btags g @, ek

i) hardB
2Aib0) "= 0.0117 + 0.0040(stat.) = 0.0003(syst.)

910-€L-dO1 SVd-SIND

&y hadronB
%‘% "= 0.0151 + 0.0049(stat.) + 0.0004(syst.)

= Dilepton channels: IS — o
. . . iy . 0 0.10.20.304050.60.70.80.9 1
« Differentially as a function of the additional b jets 3rd leading CSV value inside tt
19.7 o (8 TeV) 19.7 b (8 TeV)
; _I ! | T | rrrT T | T | T | T | T l_ L FroT N 1T | T TT TTTT | TTTT | TTTT | TTTT N T TT]
[} 2 CMS e Data i % i R 1 oo
% 10 mg’;fg*y‘hiaee E O} - CMS ttbb [P)g\t:HeHPythiaG . g‘ -_>‘<
E m——— +Herwig <
-9-' :—fLL ttb - --- Powheg+Pythia6 :é- 103:_ _ g- -
% g 10 v Powheg+Herwigs 2|l 8 T Comparison with ] ?QD_' a2
S S T T : ieli= 4:[—‘ _ NLO ttbb calculation | = 2
1 T 107 ima
10 ¢ 3 g | ON
; .:;;;L:J;;L:;;;L::;.:f i I i ol
10_5_I + ! i ! - ! e T —— T - L |II II_ 10-SE%I Ll Il Il | N | - | | Il \II | ) | ‘ | I7E
Stat. 1 A T stat.
Sl 2 - Stat @ Syst. s > 3 Stat. ® Syst. |
oIS . L Blz 2 =
£ [m) 1 E |'E N ] L i
O 750 100 150 200 250 300 350 400 O =750 100 150 200 250 300 350 400
Leading add. b jet p_ [GeV] m,, [GeV]
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Magnet cryogenics A

The CMS magnet has been operating intermittently due to persistent problems in
the cryogenic system, consistent with the clogging effect of contaminants in the
“Cold Box” that provides liquid helium.

Last two Technical Stops: several complex and invasive
interventions (change absorbers and filters) made in the cold box
* to make system more tolerant to contamination.

Still, maintenance procedures to clear contamination are having to
be performed much more frequently than normal;

* Some require stopping the cold-box; which means turning off the
magnetic field
* Trying to synchronize stops with accelerator to minimize impact on

CMS data-taking. Many thanks
Response to the problem managed by joint CMS-CERN task force. to TE and EN
Besides interventions already made: departments
* Intensive diagnostic and analysis efforts to improve understanding and | for their

optimize interim strategy. exceptional
* In parallel: organizing comprehensive program of component effort

replacement or cleaning for forthcoming technical stops.
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