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1. Tests of QCD and jet production
1. Jet cross sections
2. The strong coupling
3. Associated jet production

2. Measurements of the top quark
1. Top pair production

2. Top quark mass
3. Top properties
4. Single top production
3. Tests of the electroweak theory
1. Vector boson production
2. Diboson production and TGCs
3. Vector boson scattering and QGCs




1. Jets at the Terascale

2. Multijets and the evolution of o

3. V+jets and the NLO/PS revolution




Jets at the LHC
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Inclusive jet production at LHC
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Cross section uncertainty

Inclusive jet production at LHC
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Inclusive jet production at LHC
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Inclusive jet production at LHC

CMS-PAS-FSQ-12-031
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Inclusive jet production at LHC

* Are we doing just as well at lower jet radius?
* Ratio of jet cross sections at different jet anti-kt radii R(0.5,0.7) indicates that the
NLOXNP scheme is not accounting for the out-of-cone radiation well, however.
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Inclusive jet production at LHC

* Double ratio of (Data/MC, 2.76 TeV)/(Data/MC, 7 TeV) also explored as a high-
precision test of QCD, and potentially reveal onset of new phenomena at higher
sgrt(s).
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Inclusive jet production at LHC

Ratio of 8 TeV (10/fb)
and 2.76 TeV data
(5/pb) recently
observed by CMS to

be in agreement with
NLOXNP scheme up
to 500 GeV
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Dijet production at LHC
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1. Jets at the Terascale

2. Multijets and the evolution of o

3. V+jets and the NLO/PS revolution




Multijet production at LHC

Jet multiplicity slope for jet ET > 60 GeV agrees with LO+PS. Absolute scale agreement varies +/-35%

Ratio of 3-jet to 2-jet production vs. leading dijet average PT agrees well with NLOXNP predictions. Scale
uncertainty from theory dominates over large range!

3rd jet spectra sensitive to FSR = probes strong coupling running
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Multijet production at LHC

* Differential cross section vs. 3-jet mass also in agreement over a large range of masses.
 Some PDFs do better than others.
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Ratio to NLO(CT10-NLO)

Measuring o.: Inclusive jet production
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Measuring 0.: Three-jet mass

* cross section ~ as®, comparable sensitivity to inclusive jets
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Measuring o.: Three-jet/Two-jet ratio

* Ratiois ~ as, has comparable sensitivity to inclusive jets
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Strong-coupling evolution

Run to fixed Q? (MZ?), agreement observed in hadron collider data with e+e- determination, for a broad range
of phenomena and production energy

. H1 multijets at low Q?
EPJC 67:1 (2010)

H1+ZEUS (NC, CC, jets)

* H1-prelim-11-034, ZEUS-prel-11-001 (2011)
ZEUS incl. jetsin vp

NPB 864:1 (2012)

H1 multijets at high Q?
arXiv 1406.4709 (2014)

CDF incl. jets
PRL 88:042001 (2002)

DO incl. jets
PRD 80:111107 (2009)

DO ang. correl.
PLB 718:56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
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CMSR,,
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CMS tt cross section
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CMS 3-Jet mass
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CMS incl. jets
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Chin. Phys. C 38:090001 (2014)
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Strong-coupling evolution
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1. Jets at the Terascale

2. Multijets and the evolution of o

3. V+jets and the NLO/PS revolution




W + jet production

* Key proving ground for NLO+PS revolution: Sherpa2, aMC@NLO, MINLO, et al. and the ME engines driving them
(BlackHat, OpenLoops, Madgraph et al.)

* NLOupto5jets!!
*  With fully merged/matched PS
* Mostly automated and for large array of final states

*  WH+jets cross section at 7 TeV: Validates BlackHat+Sherpa, Sherpa+MEPS@NLO out to 5 jets
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W + jet production

Key proving ground for NLO+PS revolution: Sherpa2, aMC@NLO, MINLO, et al. and the ME engines driving them
(BlackHat, OpenLoops, Madgraph et al.)

* NLOupto5jets!!
*  With fully merged/matched PS
* Mostly automated and for large array of final states

W-+jets cross section at 7 TeV: Validates BlackHat+Sherpa, Sherpa+MEPS@NLO out to 5 jets
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W + jet production

W-+jets cross section at 7 TeV: Less successful for observables like HT which sum over (possibly higher order) jet

activity
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/ + jet production

Z+jets cross section at 8 TeV: out to Njet =7 and jet PT of 1 TeV

Sherpa2 does well with inclusive rate, under-predicts leading jet spectrum at highest ET
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/ + jet production

Z+jets cross section at 8
TeV

Now available doubly-
differentially in jet PT
and Y (suitable for future
PDF fitting, a la inclusive
jet)

Sherpa2 does better
than Madgraph, but
under-predicts at
highest jet ET

o o/dP(j1) dy(j1) [pb/GeV]
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CMS Preliminary
19.6 fb' (8 TeV)
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Inclusive photon production

In 7 TeV data, ~2M
photons ranging from
100-1000 in ET

Comparison with
JETPHOX 1.3:

MC/Data ratio
dominated by MC scale
uncertainty, 12-20%
(except at highest ET
where PDFs matter too)

Below 500 GeV data are
2X more precise than
NLO theory!

Shape described well,
normalization agrees
within scale uncertainty

dc/dE] [pb/GeV]

Theory/Data
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Diphoton production
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/ + b,bb production

JHEP 1406 (2014) 120

e 12k Z+1 b-tag and
500 Z+2 b-tag events
expected in 5/fb at 7 TeV.

tt suppressed by Z mass
and MET significance
cut,

Z+light/charm jets
rejected by large
secondary vertex mass
(MSV).

Z+b (bb) extracted from
1D (2D) template fit to
MSV (MSV1, MSV2)

Exclusive 1,2-tag cross
section estimated after
N-tag-wise unfolding of
MET, lepton, JES, and b-
tag response
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/ + b,bb production

Exclusive cross sections Multiplicity bin Measured MadGraph 5F | MadGraph 4F
agree with MadGraph 4F o(Z((0)+1b) (pb) 3.52+0.024+0.20 || 3.66 +0.02 3.114+0.03
and 5F predictions. a(Z((0)+2b) (pb) 0.36 +0.01 £ 0.07 || 0.37 £ 0.01 0.38+0.01
7(Z((0)+b) (pb) 388 +0.02+0.22 || 403 £0.02 3.49+0.03
B-tag efficiency and T(Z(L0)+b)/ T (Z(£0)+) (%) || 5.15+0.03 +0.25 || 5.35+0.02 4.6040.03

mistag uncertainty
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/ + b,bb production

pp— Z(I)+1 b production cross-section (pb)
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W+b production

= rrrrrrrTTTT rrTT T rrrryrTTTT T TTTTS = L rrrrTrTrTTTTTTTTT
5 <Data 4 3Z ATLAS ~»-Data
E ATLAS Cw+b 1 E \s = 7 TeV OW+b ]
et s =7TeV Ew+c 1 o Ew-c -
kS CW+ight  — J-Ldt= 461" CW+light ]
@2 _[Ldl: 461" [@single top E 2 M singletop ]
W candidates with =1 or 2 § muon, NJet = 1 %}\tnultijet = § muon, NJet = 2 %}aumjm -
i = - o .z ] o |z ]
jets and = 1 b-tag selected 2 Bowwz | S —
from 4.6/fb at 7 TeV 5 1 3 i
& 1 o ]
Two different taggers with ] ]
complementary info . bNglo 10
. . om CombNN
combined into an ANN om
discriminant against
light/charm jets. 40-60% of
tags retained for signal P S AAARaRasas aanas s L S e R = I .
. . S C ATLAS --Data ] & 2500 -Data e
extraction via MLH ;25000 — \s=7TeV [singletop S ATLAS @ single top 1
. r -1 [ 9 hy = 4
template fit of ANN. - Lt - 4010 Owbs 1 2 2000 1e =7 Tev et
20000 muon, NJet > 1 s 1 J B
E , Em:ﬁgm ] 5 I Ldt=4.6fb COMultijet
. . . - Multijet ] 1500 muon, NJet - 2 W -
tt contribution constrained 150001 =i ]
by 4-jet 1-tag sample; 10000 WWWWz - 1000 =
single top constrained by : 3 ]
o . 50001~ . 500 -
m(Wb) distribution F 1 1
7 0 100 150 200 250 300 350 400 450
Number of Jets m(Wb) [GeV]

JHEP06(2013)084




W+b production
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W+bb production
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W+charm production

JHEP 02 (2014) 023 CMS L=50fb"at 5=7TeV
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W+charm production

L=50f"at ys=7 TeV

Measure cross section and
charged ratio vs. lepton
rapidity

Consistent across three
different hadron reco
methods

Leading syst. are JES, charm
BF

Consistent with NLO MC
predictions
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W+charm production

Data consistent with
strange content of pre-LHC
PDFs (neutrino fixed
target), approaching good
precision

Data consistent with charge
symmetric strange PDF
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Predictions:
NLO MCFM + NNLO PDF

HMSTWO8

0.906 +0017
0025 e

®CTI10
0.949 + 0.004

¥ NNPDF23
0.922 + 0.014

A NNPDF23_,
0.937 + 0.019

CMS L=50f"at Vs=7TeV
T ‘ . . T . . . ‘ . . . .
Total uncertainty pj:t > 25 GeV, (| <25
Statistical uncertainty pll_ >25 GeV, | <2.1
Predictions: CMS 2011
. 107.7+ 3.3 (stat.)+ 6.9 (syst.) pb
NLO MCFM + NNLO PDF
mMSTWO08 L]
100.773 Pb
e CT10 —o—i
109.9°77  pb
¥ NNPDF23 v
99.4+4.2 oo pb
A NNPDF23_, ——h——
129.9 £15.1,., pb
! ! ; . . .
0 50 100 150
o(W + c) [pb]
L=50f"atVs=7TeV

T T
pf‘ > 25 GeV, i < 2.5

pl > 25 GeV, | < 2.1

CMS 2011
0.954 + 0.025 (stat.) + 0.004 (syst.)

—H

04 0.6

0.8 1
o(WH+T)/o(W+c)



W+charm hadron production
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W+charm production
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since CMS~CT10 with similar ~ v NNPDF2.3
error
= O HERAPDF1.5
Data
—835+29+3.6 [pb] ¥l 0O ATLAS-epWZ12
Stat
Statssyst A NNPDF2.3coll
L I 1 | | | 1 | 1 J L Il L I Il L Il | L | 1 | 1 1
20 40 60 80 100 120 140
G358 [pb
CMS L=|5.0fb"at V5 =7 TeV
—
Total uncertainty pj:t > 25 GeV, W™ < 2.5
Statistical uncertainty pll_ > 25 GeY, | < 2.1
Predictions: CMS 2011
redictions. 107.7+3.3 (stat) 6.9 (syst)pb
NLO MCFM + NNLO PDF
mMSTWO08 L ]
1007733 Pb
e CT10 —Ho—
109.9°77  pb
v NNPDF23 =

99.4 4.2 ;. pb

A NNPDF23_, ——
129.9 £15.1,,. pb

L L L L | L L L L " L L L
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tt production at the LHC

Very high-purity tt and high-statistics
samples allow for precision tests of
pQCD

Predominantly through gg s- and t-
channel scattering

Now providing a serious test of
NNLO+NNLL calculations

Quark direct mass precision at ~700
MeV level and below

Indirect mass precision from cross
section is at 2.5 GeV level
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Events /0.1

Data / Expectation

tt production cross section: lepton + jets

Optimal selection

purity from tuning

PRD 91 (2015) 112013

* Largest uncertainties from signal modelling, esp. PDFs!

b-tagging and Uncertainty on inclusive o7 etjets ptjets l+jets
using a kinematic Lepton reconstruction +2.7-26 +21-19 +1.7-16
MVA Jet reconstruction and E7"* +33 -39 +2.6-32 +28-34
b-tagging +21-19 +22-19 +4+2.1-19
0 Backgrounds +2.8 -3.0 +1.8-21 +1.7-21
| ATLAS det 031 Monte Carlo generator —2.242.2 —-3343.3 27427
60~ ¢ Data Ht23J€ts 1 \5_gTev Parton shower and fragmentation +2.0 —2.0 +2.6 —-2.6 +2.3 —2.3
sobm e Videts I Multijet Initial- and final-state radiation ~ —4.1 +4.1 —1.8+1.8 —3.0+3.0
— M Single Top  Dibosons
i 5 Parton distribution functions +6.2 —6.0 +5.6 =5.9 €5.9 —5.9)
0 Total +9.7-9.8 +84 87 +806 -89
30 Uncertainty on fiducial o etjets ptjets l+jets
20" Monte Carlo generator —21421 -35435 —-28-28
Parton shower and fragmentation —-2.642.6 —-3.143.1 —-2.9+429
10; Initial- and final-state radiation +0.4 -04 +0.2-02 +0.3-0.3
0" Total +89-9.0 +85—-88 48386
1?’/////7///%/////////%////////// e+jets : o7 = 256 £ 2(stat.) £ 25(syst.) £ 7(lumi.) = 4(beam) pb.
0.8 e
5 —oa—oe s MTIets i oy = 260 £ 1(stat.) f%%(syst.} + 8(lumi.) + 4(beam) pb,
"0 ftiets ;o7 = 258 + I(stat.) f%%(syst.} + 8(lumi.) + 4(beam) pb,



tt production cross section: lepton + jets

Jet and b-Jet multiplicity well modeled
up to 7 jets and 4 tags!

. x10° . x10°
?-15;“”“45 3 et JLdt =203 fb" @_225_147145 3ot JLdt =20.3fb"
- ¢ Data M*2°/6ISY g_-gTev - 4 Data M*OlEISY g_gTev
0.14 - 0.2 " "
C[]t V+dets  JMultijet 0 18:_I:|tt V+ldets  [Multijet
0.1 2:—.Single Top Dibosons 0'1 65 B Single Top Dibosons
0.08}
0.06"
0.04}
0.02;

| OM

3 4 5 6 =7 i 2 3 >4
Number of Jets Number of b-tagged Jets
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tt production cross section: dileptons

i 10000f e’ channe =§|:ng &
80001 = Sncertany
i : Source ete” utuT eTut
Trigger efficiencies 4.1 3.0 3.6
Lepton efficiencies 5.8 5.6 4.0
Lepton energy scale 0.6 0.3
Jet energy scale 103 108
7 B Jet energy resolution 3.2 4.0 3.0
e e s e b-jet tagging 19 16 17
Jet multiplicity Pileup 1.7 1.5 2.0
” . . — Scale (ur and ug) 5.7 5.5
E, s000 Siﬁ§c|‘hsa:njev,L=5-3fb" B ] Matching partons to showers 3.9 3.8 38
" EE':Q'M Single top quark 2.6 24 2.3
6000~ Uncertainty ] VV 0.7 0.7 0.5
so00f : Drell-Yan 108 103 15
ook ; Non-W/Z leptons 09 32 19
- Total systematic 186 186 114
20 Integrated luminosity 6.4 6.1 6.2
g Statistical 5.2 4.5 2.6
S sl 7 =3
b-jet multiplicity
ete” T et u’T
€rotal (%0) 0.203 & 0.012 0.270 & 0.017 0.717 + 0.033

o (pb) 2443 £52+186+£64 2353+45+186+61 239.0+26+114+£6.2




tt production cross section: all hadrons

JHEP 1305 (2013) 065

6-jet, 2-tag events subjected to a p
kinematic fit assuming MW and equal CMS, 354 fb'at \s=7TeV

masses for the top candidates. e CMS data

——- tt component
--------- multijet background

450
Accepting the highest chi-squared

candidates increases signal purity to
40%

400

350 . = ..
— fit to tt and multijet
Signal cross section extracted from MLH 300
fit
250

Combinations/(10.0 GeV/c?)

JES and background modelling
dominate the total uncertainty

200

150

100
o = 139 £ 10 (stat.) £ 26 (syst.) =3 (lum.)pb 54

r rl\ | ‘ L1 1 | ‘ 1111 ‘ I | rl-_'-l_H+:
00 150 200 250 300 350 400 450 500 3550
m, (GeV/c?)




tt production cross section

....... MMLO+NMLL (top++ 2.0), PDF4LHC
M, = 172.5GeV

scale uncerainty

scale® POF & [ uncerfainty

ATLAS+CMS Preliminar:.rcl; summary, §s = 8 TeV TOPLHCWG

July 2014

stat. uncerfainty
—_— total uncertainty

oy tistat) +(syst) £{lumi)

L [
I 1
ATLAS prel., eju+jets 241+ 2+ 31+ 9pb
ATLAS-COMF-2012-149, L =581
o
ATLAS, dilepton au, b-tag 2424+17+55+7.5pb
arkiv:1406.5375, L_=20.3 /"
]
CMS prel., efp+jets 228+9 7+ 10pb
CMS-PAS TOP-12-008, L""=2.8 f'
— —
CMS, dilepton 239+ 2+ 11+ 6pb
JHEP 02 (2014) 024, L _=5.3 o
|__+..|__|
CMS prel. efp+t_ 257+3+24+7pb
CMS-PAS TOP-12-028, L =196
Effect of LHC beam energy uncerainty: 4.2 ph
[ | | | | | | | | | | | | | | l
>0 200 250 300

350

Inclusive tt cross section [pb]

Cross sections consistent with each
other and with the SM prediction

for mtop = 172.5 GeV

Lumi and beam energy are the

limiting factors for most precise

measurement!

8/7 ratio looks low, TBC

[T T | T 17T
I O CMS dilepton

102 =0 CMS dilepton

10

2% Tevatron combination* L= 8.8 o'
B ATLAS dilepton L= 4.6 b

m ATLAS lepton+jets* L=0.7 b
O CMS lepton+jets L= 2.3 i
# ATLAS dilepton L=203 o'

L=23m"

TOPLHCWG

L=53f"

| T T | T T | T 17T | T T T_]
July 2014 J

ATLAS+CMS Preliminary

[ # ATLAS lepton+jets* L=5.8Mm" [ 3
C © CMS leptontjets® L= 2.8 " L ]
r * Preliminary 250 _— - T
| 200F 1
NNLO+NNLL (pp) 150 # e
NNLO+NNLL (pP) 7 8
Czakon, Fiedler, Mitov, PRL 110 {2013) 252004 N
m, . =172.5 GeV, PDF € o, uncertainties acc?rdingto PDF4LHC
101 | 11 11 | 11 1 ? | 11 11 | 11 ? 1 11 11 11 11 | 11 11
2 3 4 5 6 7 8 9
{s [TeV]



tt production differential cross sections

1505.04480

Normalized
differential cross
sections for
numerous
kinematic variables

Varying degrees of
agreement with
fixed order and PS
predictions

Theory is
overpredicting high
mass and high y tt

CMS, 19.7fb'at is=8TeV
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tt production and oL

\s =7 TeV; mf°® = 173.2 GeV
T T T I T T T | T T T ‘

_— T T T I T T T T I T T
0 - _|
PLB 728 (2013) 496 8 [ —— cMs,L=23fb" ]
&= 2207~ _. .- Top++ 2.0, ABM11 —
. -@-= Top++ 2.0, CT10 ! ]
With well- 200[— .. Top++ 2.0, HERAPDF1.5 “—_
measured cross - ---m-- Top++ 2.0, MSTW2008 mm—

) 180 =&— Top++ 2.0, NNPDF2.3 Lo —
section and mass, - - el
strong coupling is 1602 : -
significantly IR : N
constrained by 140 L ! ]
NNLO+NNLL ale -
predictions 120F- .. T | | ;L 8l B

0.108 0.11 0.112 0.114 0.116 0.118 0.12 0.122
o, agrees with PDG og(m)
at 3X worse error CMS,\s=7TeV,L=2.3 fb_1, NNLO+NNLL fOI'Gﬁ; m?“'e =173.2x 1.4 GeV
T T T I T T T I T T T | T T T ‘ T ¥ T AD i\ NI T I T T T
Leading Default eig(m,) of respective PDF set 0 S
uncertainties are . §
experimental! ABM11 H v H
. CT10 - v ER
cross section, mt, r
PDF could improve HERAPDF1.5 H ¥ H i
it by 2x : :
MSTW2008  H y —
NNPDF2.3 - v -
1 1 1 I 1 1 1 I 1 1 | 1 1 ‘ L 1 ‘ :\ 1 1 I | 1 1
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Top mass measurement: lepton+jets

CMS Preliminary, 19.7 b, Vs =8 TeV, l+jets

] . e . > 25000 T :
Kinematic fit to tt hypothesis extracts mass and JSF 3 - Il conect Efv;{,;s ]
EE L l:l f{ wrong [ single top ]
o 20000 - D f unmatched e Data ]
172.04 + 0.19 (stat.+JSF) & 0.75 (syst.) GeV, 5 - ]
1.007 4 0.002 (stat.) & 0.012 (syst.). L . B
E [ .|
[ B ]
CMS 8 TeV l+jets: 770 MeV precision, systematics are 50/50 * 10000/ -
detector/modeling - ]
5000
CMS-PAS-TOP-14-001 D b - .
| 6m¢®P (GeV) §JSF | om!P (GeV) - ]
Experimental uncertainties ) 1.5
Fit calibration 0.10 0.001 0.06 s 1
pr- and 57-dependent JES 0.18 0.007 1.17 3 i
Lepton energy scale 0.03 <0.001 0.03 %% 50 100 150 200 250 300
MET 0.09 0.001 0.01 e [GeV]
Jet energy resolution 0.26 0.004 0.07 CMS Preliminary, 19.7 fb”", (s =8 TeV, l+jets.
b tagging 0.02 <0.001 0.01 o 12000 [l comecr [ Z+Jels |
Pileup 0.27 0.005 0.17 o - I fwrong I waets 1
- o - [ single top b
Non-tt background 0.11 0.001 0.01 w 10000~ 4 —
- - = e - tt unmatched ® Data B
Modeling of hadronization /7 \ ) B ]
Flavor-dependent JSF \géy 0.004 0.32 £ 8000~ ]
b fragmentation ; 0.001 0.04 £ C ]
Semi-leptonic B hadron decays 0.16 <0.001 0.15 a 6000 7
Modeling of the hard scattering process B ]
PDF 0.09 0.001 0.05 4000~ B
Renormalization and 0.12+0.13  0.004+0.001 | 0.25+0.08 2000 i
factorization scales - ’ ]
ME-PS matching threshold 0.15%£0.13  0.003+0.001 | 0.07+0.08 B ]
ME generator 0.23+0.14  0.0034£0.001 | 0.20+0.08 o 15— ﬂ_
Modeling of non-perturbative QCD % e + ++:"-.-"~"“J‘*ﬂ+ ++++J. +H+ + +++ j
Underlying event 0.14£0.17  0.002£0.002 | 0.06:£0.10 < .t +*+ }
Color reconnection modeling 0.08+£0.15  0.002+0.001 | 0.07+0.09 I EE— TR 200

Total 075 0012 | 129 mit [GeV]



Top mass measurement: dilepton

% 6DU.—r|1r'|1'§r[rrr|'|1111'|rrrr'||111(‘|’a1trarlr Htélllllllr.r_‘
ATLA . ) I+
150305427 {E \s=7 TeV. 4.6 b z====- Best fit background

£ 500 " P —— Best it =
E + Uncertainty
exploits a one-dimensional 400
template method using the
300

m#eb observable (avg of

two Ib pairs) 200

ATLAS 7 TeV dilepton+jets: 100

= Cha
640 Mev Stat poose gy :hl-. :-:-:.I-:-.-'.-".-T-u--.“c-f"r'."."'."n-"l'-"f'.'T'I"Ft-r-r
1500 MeV syst PSD 140 150 160 170 180 190 200 210 220
Mige” [GeV]
B-JSF and JES errors —————
dominate EJ AITLAS ! I . ldata, dillepton !
_ 4 ot Best fit background
400 \s=7 TeV, 4.6 fb et al
[22] .
g + Uncertainty
I 300 |
200+ —
173.79 + 0.54 (stat) £ 1.30 (syst) GeV
100+ —
0 i IR demgmmpooe- dmmpmmpmengon iR S o | W S

b L wi s L
140 160
miEe [GeV]

L
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Top mass measurement: all jets

CMS Preliminary, 18.2 fb 1._ 15 =8 TaV
> 350
{E .|| correct Background
300
= | |:|Il other * Data
I= Z
E El'.}I:IE
W s0)
100,
50|
Kinematic fit method Q | 5= P
similar to cross section R Y T
: D ol .t ... Jel.
extraction O Y9790 80 90 100 110 120
mis*® [GeV]
JES is dominant uncertainty @ CMETrmUEgLOAZIm. = 8Ty,
E 0| .|| — Sackground
i 4I}EI. |:||l ather = Data
3r_&|:|§
EI}EI.
100/}
O &=
E 15
= L |
S 05-
my = 172.08 -+ 0.36 (stat.+]SF) = 0.83 (syst.) GeV, Poo
JSE = 1.007 £ 0.003 (stat.) £ 0.011 (syst.).

Events / 5 GeV

Data/MC

vanis

Data/MC

CMS-PAS-TOP-14-002

_CMS Preliminary, 18 2 fb‘. s= 8 TeV

. t correct
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400~ ' 3
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G007 . ' o
H t Background
5001 COTTEC
I:Il cther = Data
400,
300
200
100
1.5
'I.
0.5

400



Top mass measurement: other methods

CMS preliminary, s=8 TeV,| L=19.3-19.6 b’

£
2 14000 p+jets channel
MS-PAS-TOP-12- 5
CMS-PAS-TOP-12-030 -
210000 .QCD .singlelop
Lz Pw-w

Channel me [ GeV ]
muon-+jets 173.2 + 1.0gtat £ 1.6gyst + 33p:(1) —1
electron+jets 172.8 = 1.0stat = 1.75yst = 31,0 L.y [cm]
electron-muon 173.7 £+ 2.04a £ 14gyst 2'4pT (®) § ‘-i: B it
?\3 0-5 e S ‘ I | L1101 | L1 1 I
s 0 1 2 3 1 5
ATLAS-CONF-2014-055
- 1500 —————T—T———T—T——7—
G * |s=_8TeVdata 2,
§ [ Bestfittm,=1722£07 (stat) Gev °
.g i Single-top t-channel signal ; ]
g it si
w 1000 _! B:‘;?{g?éund p'.'u 171.33 1?;:rgl,','.' [L;e':.f-ln_
| ATLAS Preliminary ot ]
_ . _[ Ldt=203fb"
mip = 172.2 £ 0.7(stat.) £ 2.0(syst.) GeV b
P | J

140
m(lb) [GeV]
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Top quark mass

ATLAS+CMS Preliminar summary, Vs = 7-8 TeV TOPLHCWG
Y Miop Y
------- World Comb. Mar 2014, [7]
Stat®JSFEbJSF — Stat@JSFObJSF
) total uncertainty total uncertainty
Overall consistency . My = tot. (Stat@JSFEbJSF = syst) (s Ref.
observed between ATLAS, l+jets (%) — o 4 172.31+ 1.55 (0.75 = 1.35) 77ev [1]
ATLAS, CMS, and ATLAS, dilepton (*) —_ e — 173.09 = 1.63 (0.64 + 1.50) 7Tev [2]
Tevatron. CMS, I+jets - —f 173.49 = 1.06 (0.43+ 0.97) 77Tev [3]
CMS, dilepton — o < 172.50 + 1.52 (0.43 = 1.46) 7 Tev [4]
Consistent CMS, all jets = D | 173.49 = 1.41 (0.69= 1.23) 7TeV [5]
between 7 and 8 LHC comb. (Sep 2013) e 173.29 = 0.95 (0.35 = 0.88) 7 Tev [5]
TeV data World comb. (Mar 2014) e 173.34 = 0.76 (0.36 = 0.67) 1.956-7 TeV [7]
ATLAS, |+jets == -I 172.33 = 1.27 (0.75 = 1.02) 7Tev [8]
Sub-GeV single ATLAS, dilepton —ie — 173.79 + 1.41 (0.54 = 1.30) 77eV g
results are now a ATLAS, all jets !- ® -1175.1+ 1.8 (1 4= 12) 7 TeV [9]
common ATLAS, singletop | ] | 172.2+ 2.1 (0.7 = 2.0) 8 TeV [10]
Mar 2015 :
CMS, l+jets o= : 172.04 £ 0.75(0.18 £ 0.74) 8 TeVv [11]
Next factor of two CMS, dilepton I—o—'—l 172.47 = 1.41 (0.17 = 1.40) s8Tev [12]
in precision will be CMS, all jets = e — 172.08 = 0.89 (0.37 = 0.80) s Tev [11]
hard! CMS comb. (Sep 2014) == 172.38 = 0.65 (0.14 = 0.64) 7+87Tev [11]
: § [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
[2] ATLAS-CONF-2013-077 [B] arXiv:1503.05427
May 2015 [3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
(,,) SU erseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
h pb low th ): [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
shown below the line : [6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010
' I R R R N NN R S A A S SN T TN N N N RO M R R

165 170 175

my,, [GeV]

180 185



Conclusion, Part 1
-~ | I N
NLOXxNP QCD predictions are successfully

describing copious LHC jet data. Eagerly await NNLO
predictions and 13 TeV data!

Wealth of jet and multijet (and top) observables to
sample the strong coupling/improve PDFs

(N)LO+PS V+jets predictions are being confronted by
data on every front. NLO+PS show improved
agreement with some residual weaknesses. Onto
NNLO QCD+NLO EWK!

LHC is a top quark factory providing numerous
precision tests of NNLO+NNLL QCD.




