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Inclusive production of jets is the largest component of high-Q
phenomena in hadronic collisions

QCD predictions are known up to NLO accuracy

Intrinsic theoretical uncertainty (at NLO) is approximately 10%
Uncertainty due to knowledge of parton densities varies from
5-10% (at low transverse momentum, P to 100% (at very high

P corresponding to high-x gluons)

Jet are used as probes of the quark structure (possible
substructure implies departures from point-like behaviour of
cross-section), or as probes of new particles (peaks in the
invariant mass distribution of jet pairs)
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Phase space and cross-section for LO jet

production
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The measurement of pT and rapidities for a dijet final state uniquely determines
the parton momenta X| and X). Knowledge of the partonic cross-section

allows therefore the determination of partonic densities f(x)
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Jet production rates at the LHC, subprocess composition

c(Et>Etmin) fb

(this is at 14 TeV: results at 7 TeV are ~obtained by rescaling ET by 0.5)
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Some LHC results in jet physics



Example: Jet cross section
ATLAS, arXiv:1410.8857
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Initial state composition of inclusive jet
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at pr~2 TeV it’s larger than qg contribution 9



Relative uncertainty [%]

Relative uncertainty [%)]
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Central production, TH vs data
(TH: absolute prediction for both shape and normalization)

ry I_Ldata
3%

Theo
o ©
o [# 4] —i

ATLAS

III.IIIIIIILIIIII

—— m«d‘ﬁ
T PR T ‘g‘ AR

VY
iiiiiiiii

_" L dt=45fb"
5=7TeV

. — anti-k, jets, A=0.4
10=lyl<1.5

1.2 \
o -2113:*':-‘.::11111:?:3?3&*

— o M
10 mpT[GeV]

NLOJET++ e CT10
po=p = pr
Non-pert and
EW corr.

“~ MSTW 2008

s> NNPDF 2.1

lyl <0.5

—
%)

s

Theory / data

— -‘:I:.'::- 0 fw#é f‘?ﬂ-’frﬂw - fﬁﬂf" ;

EE‘EE:’

"i'i"«'-n\'

______

-f!.lf

0.8 ey -
0.6 Bl
05=lyl<1.0 r; :

1.2 "
1 "ﬁ fffffﬂf :

o T QL .
S Hfm‘?g(rr-?ﬂffmn - ""/ ; .

D.B o | uuhu —_




Forward production, TH vs data
(TH: absolute prediction for both shape and normalization)

Theory / data
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Multijet rates

O [Mb]
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® The higher the jet Et
threshold, the harder to
emit an extra jet

® When several jets are
already present,
however, emission of an
additional one is less
suppressed 14



Multijet rates, vs /s, with Eti¢t > 20 GeV

O [pb] N jet=2| N jet=3 | N jet=4| N jet=5

Vs > 100

GeV 75 17.3 2.6 0.37

Vs > 500

GeV 0.27 0.47 0.30 0.13

Js > 1000
GeV

0.012 | 0.021 | 0.022 | 0.031

High mass final states are dominated
by multijet configurations



Jet fragmentation function

- jet shapes
- ptrel spectra
= <N> and <z> distributions,

ATLAS, arXiv:1109.5816
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SKIT

QCD j‘et mass measurement e
Processes with high mass jets (g/g initiated) are important backgrounds
for many analyses in the boosted topology.
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Reconstruct W/Z—jj from broad jets at large pr

Likelihood discriminant using (i) thrust minor (ii) sphericity (iii) aplanarity
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Everts / 100 GeV

Example in use of W/Z -> |j

ATLAS, arXiv:1506.00962

pp— X VV’ —jet jet, with VO)=W,Z fully hadronic decays
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Constraints on quark contact interactions

ATLAS, http://arxiv.org/abs/1504.00357
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dofdp_(pb/GeV)

Inclusive jet cross section at NNLO

“Second order QCD corrections to jet production at hadron colliders: the all-gluon
contribution”, A. Gehrmann-De Ridder, T. Gehrmann, E.W. N. Glover, ].Pires, arXiv:1301.7310
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NNLO scale systematics ~ few % ...

- does this survive if Up=HR?

Notice that NNLO outside the NLO

scale-variation band
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http://arxiv.org/abs/1301.7310
http://arxiv.org/abs/1301.7310

Top quark production

Production dominated by gg initial state up to very large pr
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= sensitive probe of the gluon PDF mu (G¢V)
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Great precision reached with the completion of the NNLO calculation

Scale variation

280
2 6 O - NLO """"""""""""""""""""""""""" NNLO ''''''''''''''''''''''''''''''''''''''''''''''' 7
240 IR i — S { ———————————————— l """"""""" I """""""" I """""""" .
— 220 F | ) G — NNLI LL NLLNNLL ffffff 4
2 . NLL
200 | COLL .
i
o]
g 180 f |
& Fixed Order —eo—
0 b NLOt+res =—=— | |
NNLO+res
140 LHC 8 T ev; m,=173.3 GevV; A=0 |
MSTW2008 LO; NLO; NNLO
120
Independent PR, Mr variation, with Po = meop, Baernreuther, Czakon, Mitov arXiv:1204.5201
0.5 Po < HRr,F <2 Mo and Czakon, Mitov arXiv:1207.0236
0.5 < PR /MF <2 Czakon, Mitov arXiv:1210.6832

Czakon, Fiedler, Mitov arXiv:1303.6254



Phenomenological study of ttbar production at NNLO
M. Czakon, M. Mangano, A. Mitov, J. Rojo arXiv:1303.7215

LHC 8 TeV
PDF set | o4 (pb) | dscale (Pb) dppr (pb) 0o, (PD) 0m, (Pb) b0t (Pb)
ABMIL | 1986 | 285 (5 | 288 i | 200 Coomy | Z55 (Csomy | Lice (s
CT10 246.3 | *58 USSR | F% IR | hE Uhte | TTUNeE | taE (R
HERALS | 2527 | *8300550 | 38 Ui | oo Uhew | T78 oo | 1188 (0%
MSTWOS | 2458 | 83 (%00 | 83 (5w | a0 i | T (e | 87 (6w
NNPDF2.3 | 2481 | *7 (7050 | 188000 | BT G | 7 e | 1 (T
ATLAS 241.0 + 32.0 ( 13.3%)
CMS 227.0 + 15.0 ( 6.6%)

TH and parametric uncertainties are all of similar size:

scales (i.e. missing yet-higher order corrections) ~ 3%

pdf (at 68%cl) N D30
Acis = +0.0007 = alphag (parametric) ~ 1.5%
Amtop =+ | GeV = mtap (paramEtl'IC) ~ 30/0
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Constraining the gluon PDF with o(tt)

M. Czakon et al arXiv:1303.7215

¢ Top quark cross-section data discriminates between PDF sets

¢ In addition, it can also be used to reduce the PDF uncertainties within a single PDF set

# We included the most precise top quark data into the NNPDF2.3 global PDF analysis
Ratio to NNPDF2.3 NNLO, g = 0.118

NNPDF2.3 NNLO + TeV,LHC Top Quark Data

.................. 30 , R I
1.3 C .
S L 9 25~ o Q= 100 GeV? -
= g af i
5 1.1 W L -
Ay & sf E
G 5 L .
? s . ¥
{ 0.9 g 'F ;
2 o8 Q% = 100 GeV? & SE- g
A ¥ R+ Y 05 06 R T B T S Y ST S
B X
Collider Ref Ref+TeV Ref +TeV+LHC7 | Ref+TeV+LHC7+8
Tevatron 7.26 £ 0.12 - - -
LHC 7 TeV 172.5 &= 5.2 172.7 £ 5.1 - -
LHC 8 TeV 247.8 = 6.6 248.0 & 6.5 245.0 £ 4.6 -
LHC 14 TeV | 976.5 + 16.4 | 976.2 + 16.3 969.8 + 12.0 969.6 == 11.6 26




How long before run 2
extends the discovery
reach of run 1?
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Rate comparison 8 vs 13 TeV: dijet production

—  Vo=8 TeV

- lev,/20fb7!

Mjet production
|7’?jet| <&2.D
(M >M) [fb]

- 100 ev = ~100 pb™!

| ev = 10 pb™!

- 100ev/20tb70 NI
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Remarks

® Large statistics of jets with Et in the multi-TeV range =>

® start measurements of large EWV effects
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W production in dijet events

015 I I I I | I I I I | I I
" pp @ 14 TeV

0.10 —

0.05 —

0.00
2000

3000

ET™Min (GeV)

5000

o(ji+tW)/o(jj)
with

ET,Ieading jet > ETmin

Dotdashes: o(jj) in the
denominator replaced

by o(jj, no gg—gg)

e Substantial increase of W production at large energy: over 10% of high-ET events have a W

or Z in them!

¢ It would be interesting to go after these W and Zs, and verify their emission properties

30



Rate comparison 8 vs 13 TeV: t tbar production

fb 1{}4: | | | | | | | | 1 | 1 | | | 1 | | | | | | |
t—tbar production -
(7 44pl <25
IDE U(Mtt:}Mmm] [ib] _
| ev = 0.2 fb!
10Y — VS=8 TeV VS=13 TeV —
- 1ev,/20fb7" -
lD_E | | | | | | | | | |
1 2 3 4 5 s



Remarks

o After ~20 fb~! top quark Et probed above 2-3 TeV =>

® | orentz factor Y larger than |0:

® top jet ~ b jet at LEP !

® 3|l top decay products within a cone with R<0. |

® “hyper”’-boosted regime for top tagging ...
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Rate comparison 8 vs 13 TeV: Drell-Yan production

fb 10<

1p =

DY production (e+i)
|ﬂlep|{:g'5
F{My>Mypse ) (]

V3=13 TeV

-1
J9—8 Tey | ev = 2fb

F lev/20fb 7!
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the rule of thumb ....

® The more strongly coupled is a process,

= the larger is the mass scale that was explored/
constrained during Run |1,

= the larger is the cross section gain from 8— |3 TeV,

= the sooner Run 2 will catch up and extend the
search potential
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13 TeV luminosity required to match BSM
sensitivity reached so far (20fb~') at 8 TeV

1G.D I I | | | | | | | I I I |

5.0

2.0
1.0

0.5 —

- L(fb ') at 13 TeV to match
gol— reach of 20fb™! at B TeV

axiglu

Gl ] ] | I I I I | I ] ] ] |

Mreach {TEV)

See also http://collider-reach.web.cern.ch, by Salam and Weiler

= qq
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Observation

® For what concerns the extension of the discovery reach at high mass,

nothing in the future of the LHC programme will match the step
forward from 20 fb~! at 8 TeV to 100 fb~! at 13 TeV
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