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\ Outline

Motivation

Photons

Boson + Jets

Inclusive Jets

Dijets

Multi-Jets and the strong Coupling Constant a

a, Summary

Perspectives at Future Colliders

Summary

Many interesting jet measurements left out, concentrating on precision comparisons!
W, Z, top production covered by Manuella Vincter in the next talk.

(— u valence, d valence, sea quark PDFs)
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\ Jets at the LHC ICF

Y &

Abundant production of jets — hadron colliders are “jet laboratories”
Learn about hard QCD, the proton structure, non-perturbative effects ...

i Run : 138919
§ Event : 32253996
Dijet Mass : 2.130 TeV

a Jet 1 p.: 585 GeV

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
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\ Jets at the LHC ICF

Y &

Abundant production of jets — hadron colliders are “jet laboratories”
... and the strong coupling o, . Least known fundamental constant!

CMS Experiment at LHCEERN
{._’_“m:_s/\/ Daté fesorded: Sun Jan 2F D8720:02 2010 CEST

| RaniBvent: 138760/ 114007131
T Lumi'sections599

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
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QCD at the LHC ICF

Y &

Huge accessible phase space
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phenomena Cle 7;_ E= D0 Central+Fwd. Jets

E CDF/D0 Central Jets
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S. Glazov, Braz.J.Ph. 37 (2007) 793.
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a\! Past and Present Colliders

Tevatron: 1986 — 2011
Collisions of p anti-p
Run ll: E___=1.96 TeV

Run II: Record luminosity: 4.3 x 1032 cm2s™’ =

Saa e
LHC: 2009 — present e ~ .

CDF Tevatron

Collisions of p-p, Pb-Pb, and p-Pb HERA: 1992 — 2007
E__=0.9,2.36,2.76, 7, 8 TeV Collisions of ep, e-p (S-Sl Sy
Peak inst. Luminosity: ~ 8 x 10 cm2s"" HERAI: E__=319 GeV [ibials <K Main Injector

(new)
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Klaus Rabbertz

(Di-)Photons

Higgs or no Higgs?

Beijing, China, 28.10.2014
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Tevatron

LHC 14 TeV

Background:
Non-prompt
Photons from
Decays, e.g.
™, n

Photon Production

ICF

r 4

Formerly underexplored process:
— high fraction of fragmentation photons, cured by isolation
— theory available at NLO, sensitive to — gluon (PDF)

Isolated

Tevatron, pp — v,__+X @\'s=1.96 TeV, y=0

Inclusive

Tevatron, pp — v, +X @\'s=1.96 TeV, y=0 R, =04, EF<2GeV) R, =04 Ef*<2GeV)
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| Isolated Prompt Photons ICF

Y &

- New ATLAS measurement extends to 1 TeV in photon transverse energy

- In agreement with NLO (JetPhox, incl. fragm. y) over 5 orders of magnitude
- Limiting factor: Scale uncertainties in theory

- Some tension visible versus photon rapidity
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\ Di-Photons at 1.96 TeV ICF

Y &

Final results from DO and CDF for isolated photon pairs
Irreducible background in MW for Higgs or other searches

Better agreement with NNLO (2yNNLO, direct y only) than NLO (DiPhox including
fragm. + gg box) or with improved photon treatment in parton showers (Sherpa)
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DO, PLB725 (2013) 6. CDF, PRL110 (2013) 101801.
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\ Di-Photons at 7 TeV ICF

Y &
(_ -1
. g . . . CMS s=7TeV L=5.0fb
Significant improvement with NNLO (direct y only!) at 7 TeV, - e ST
some deviations visible in Ag_ to 2yNNLO & [ —#Daa 4
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\ Boson + Jets

Standard Candles

Proton Proton
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Z + Jets

Z+jets by ATLAS with up to 7 jets inclusive!
Agreement with theory @ NLO up to 4 jets; from Z+jet — gluon (PDF)
OK: Sherpa; Alpgen, (MadGraph,Powheg) + Pythia; Severe discrepancies to MC@NLO
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L.

W + Jets ICF

Y &
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CMS, arXiv:1406.7533.
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Comprehensive studies by ATLAS and CMS
Multiplicities and rapidities well described
H_problematic for W+1 jets incl. — no 3+ ME

| = BHiS, é\* BH+S Excl. Sum

Sum of diff. jet

g5 Tl _
multiplicities -~ =" ey i
£05H —— .

ATLAS

=== | oopSim

No 3+jet ME
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—
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(=]
\1 |
]
| ]
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\

Multi-leg + PS —__[——f— =

w42 — SHERPA , .
B —— 1{-
R T e mm—— P e
ME N+jet  F..[ i
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comblned = L 1 1 L I @ L 1 1 I 1 1 L L I 1 L 1 1
500 1000 1500 2000
See also:
W+j:D0, PRD88 (2013) 0920011. H; [GeV]
W+j/Z+j ratios: ATLAS, arXiv:1408.6510. ATLAS, arXiv:1409.8639.



N

W + charm

ICF

Y &

W+ S 600 CMS | L- 50fb at s =7Tev
ol L s f Data
gluon O | D" - Knit |:|W+c resonant i}
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ATLAS, JHEPO5 (2014) 068.
Klaus Rabbertz

G%S -8 [pb]

Beijing, China, 28.10.2014

New measurements from ATLAS & CMS
Explicit reconstruction of charmed meson
decays (D*, D*) or incl. semileptonic
Different phase space ATLAS vs. CMS
ATLAS finds smaller abs. cross sections

Ratio W+/W- ok
CMS finds agreement within uncertainties
for both
CMS L 50fb at\E 7TeV
I Total uncenailnty | p‘et > 25 GeV, m19‘| <25
Statistical uncertainty p > 35 GeV, | < 2.1
Predictions: CMS 2011

NLO MCFM + NNLO PDF

mMSTWO08

+0.018
0.904 4038

e (CT10

0.942 + 0.004 .

Y NNPDF23
0.923 + 0.015

A NNPDF23
0.936 + 0.022

o  Ratio +/-

0.938 + 0.019 (stat.) + 0.006 (syst.)

=

0.4 0.6
CMS, JHEPO2 (2014) 013.

11t ICFA Seminar
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Klaus Rabbertz

All Inclusive

High transverse Momenta

Run/Event: 136100 / 103078800
Lumi section: 348

Every jet counts

Beijing, China, 28.10.2014

11t ICFA Seminar
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\ Inclusive Jets ICF

I &
Agreement with predictions of QCD over Constrains PDFs
many orders of magnitude in cross section “Harder” gluon at high x compared to DIS
and beyond 2 TeV in jet p_ 5
Data vs. NLO+PS d v X C\fz
®electroweak y ., dp dy S
anti-kT, R=0.7, 7 TeV, 2011 corrections HERA-I” gluon T
g SMs___  50fb7(7Tev) ; 0CMS 5.0 (7 TeV) MC method
% y ?POWHEG+P¥thia6 (IZZ*) x EW § -1 9GaV2 I ‘\‘ — HERA-IIDIS + CMS jets
™ 10 ly| <0.5(x 10%) G s | == HERA1DIS
g v R Tb 3¢ <
= 10 2 1.5< [y] <2.0 (x 10%) gl 0.8 ‘\ """" “"HERA+CMS
3 10" B, v2.0<|y| <2.5 (x 10° ) 5
Q_I— -g-"e":***... ¢
--g 105 i _.-ﬂ"e‘-e-_g_*"'q., 0.6}
o man =9 I...."."----- =t II.Illl.'l"‘luo-
T 10° P e "'-:%'ﬂq@ oy,
*ﬂ-* 'Q'-E-_E-g""-l-__ .qqqo:.kh‘
10 Bl i i Wi N 0.4}
10 1 **-- ﬂnnun'.'...-...ﬂ
107 L I T—
10° fF-anti-k,. R = 0.7 ) = -
&, R=0. -
107 ' ' [[]' .
2x10? 10° 2x10°

CMS, arXiv:1410.6765. Jetp, (GeV)  see also: ATLAS-STDM-2013-11. — gluon (PDF) X
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| Inclusive Jet Ratios: “2.76 /7.0” ICF

Y &

- cross sections at 2.76 TeV

- ratios to 7 TeV

- ratio to 7 TeV divided by theory
prediction (NLO, CT10, X NP)

T

|:| Systematic
uncertainties

NLO pQCD ®

non-pert. corrections

Here: 2 ATLAS
Ratio at different energies = JLdt=0.2o pb”
— Q
Ecms 2.76 and 7.0 TeV <4 o =Gj:it'.'sTev J oI
o
> anti-k, R= 0.6
'E Data with
o —e— statistical
Result from ATLAS: E uncertainty
o
>
(o

—
Shown cT10
- study on PDF impact .
—_— MSTW 2008
At least partial cancellation - == NNPDF 21
of uncertainties | © 2 HERAPDF 15
— more precise comparisons 30 40 102 24102 e o 11 NLO

ATLAS, EPJC73 (2013) 2509. — gluon (PDF)
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Dijets

High Masses

Proton

J CATLAS

umber: 167607, Event Number: 40296085
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Compatible with QCD

- over many orders of magnitude in o

Dijet Mass

y* = |y1 — ya|/2

© ———
w 2[y*<05 p
n = cﬁ | < . _
- over 2 orders of magnitude in M_ A A, p— ]
L ) > P, =0365 P, " =0304 .
- up to rapidities of ~ 3 8 1.5 P2 < 0,001 .
= : i
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\ - e . '."0-.-,._ 3 1.5F P < 0.001 ]
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-g 1 0-2 :_ ..-..-.- '.'_., ele _: 1-_ (L]} T
B i J.J,_ dt= 45" ‘.'--.. 6‘@ E N Iﬂ"h'":I'tll:ll:"l"'"llﬂﬂllf”- nr |
o 50 g=rT=t = - = - bhh T T e ] .
T 107 (s5=7Tev =SV gy 5 —— ;
- W EEE- ™ 7 2r 1 < Vv* < -
e anti-k, jets, R =0.6 EDEE - = - 0<y" <15 7
- e - L pMSTW NNPDF2.1 -
» - Systematic *-A-_t_ EEE_E_ ] 1 i Pobs =0.534 Pobs =0.494 i
10 - uncertainties -A-Etg 5 .5_— PSESM <0.001 ]
= NLOJET++ — e i .
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AT e— B — [L]]
LA S—— —— il i SRR T ot
3x10" 1 2 3 4567 — ! ' —
3x10 1 2 3 4
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ATLAS, JHEPO5 (2014) 059.
Klaus Rabbertz

See also: CMS, PRD87 (2013) 112002.

ICF

Y &

pQCD ® nonperturbative

and
electroweak
corrections

ATLAS
jL dt = 4.5 fo

\s=7TeV
anti-k; jets, R =0.6

Statistical
uncertainty

Systematic
uncertainties

—

NLOJET ++
n=p_exp(0.3 y7)
Non-pert. & EW corr.

= MSTW 2008
oo .. NNPDF2.3
e ABM11

ATLAS, JHEPO5 (2014) 059.
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\ Dijet Mass ICF

Y &

Non-perturbative correction

Non-perturbative corrections get
small at high masses.
Size and uncertainty depend on

Electroweak corrections become
sizeable at high masses!
Size depends on rapidity.

jet size R.

1 2 i | | T i Cc) 1 _2_ | T | ]
- fg’-AS S1in;ulation 1 % | Dittmaier, Huss, Speckner -
B 0L y* < 1. - ) ~ . . _ —
1150 o PYTHIA6425 (AUET2BMRSTLO™) | &4 15[ anti-k, jets, R =0.6 b
gl m PYTHIA 6.425 (AUET2B CTEQS6L1) 1 gl —y <05 |
- s HERWIG++25.2 (UE-EE-3CTEQ6BL1) - ¢ - e 05< Y < 1.0 .
i A HERWIG++25.2 (UE-EE-3MRSTLO™) | & " 1.0<y* <15 2
Uncertainty _ L _
1.1 ] g 1.1 )
— -5 — —
i ] Q@ i i
1.051 anti-k, jets, R=06 - 1,05/ _
1_ 1 - ———— nnnhhf.T.Tn:.-.--:u-u-::-.::.:..:"-_:: T
i anti-k, jets, R=04 i [ W
095 ' -|| | ' ' ' 095_ | | Lo | | | ]

6x10° 1 2 3 4 3x10 1 2 3 4
m,, [TeV] my, [TeV]

ATLAS, JHEPO5 (2014) 059.
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ﬂ Multi-Jets and a_

High Scales

© — 5

Electron/ .

Positron




N

3-Jet Mass ICFA

el . . - _1 _
Sensitive to a_ beyond 2—2 process _ <MS preliminary £=50fb" Vs =T7TeV
| = ol S — ey |
NLO with 3-4 partons (NLOJet++) © o = — o <1 |1
100 - e B E
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10T S S
et 7 ”) g
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. o (CMS Preliminary _ | § 10_3 _CMS 2011 L= 5/fb """"""""""""" ‘
9 - 1 Data2011/NP 1 B |Y| = 2.0, pT3 > 100 GeV 7
= [] CT10-NLO, APDF CL68 | 3N 10~4E -+ X ]
= . NNPDF2ANLG Hr,uf m,/2 g
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o 15~ ABM11-NLO 10
3 g 10—6 ,,,,,,, AntlkTR_07 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
z : L1 MSTW2008 - NL(D |
o ” 107 ——— *
E o \ 5. 102 103 2-10%
i |  Most PDF sets compatible to data m3 [GeV]
05 - dO—?)jet 3
- L=50f" Vs=7TeV X
- 3-Jet Mass Anti-k; R=0.7 ] d ; S
Cpecte T | Extraction of a (M,) from scales up to 1.4 Tev @113 et
510° 10° 210 GoV) Dominated by theory uncertainty! NLO only

CMS-PAS-SMP-12-027 (2013)

See also: ATLAS-CONF-2014-045.
Klaus Rabbertz

as(Mz) = 0.116010:9922 (exp, PDF, NP) 00051 (scale)
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ﬂ 3-Jet Ratios and a_in hh ICF

Y 4
Again: Normalization or ratios for on e )
different multiplicity N, = 3 over 2: %Qm” -
- Similar as in H1 normalized cross L

Sections, see later! = 0000 e < g
- Reduced dependence on PDFs

and the RGE
- Reduce exp. and scale uncertainties
- Eliminate luminosity dependence

S

Three observables investigated: s M. Wobisch

DO: R, CMS:R,, ATLAS:N,,

- Average no. of neighbor||- Ratio of inclusive 3-to | |- Ratio of inclusive 3- to
jets within AR in incl. inclusive 2-jet events inclusive 2-jets
sample - anti-kT R=0.7 - anti-kT R=0.6

- DO midpoint cone R=0.7 | |- Min. jet pT: 150 GeV - Min. jet pT: 40 GeV

- Min. jet pT: 50 GeV - Max. rap.: |y| < 2.5 - Max. rap.: |y| < 2.8

- Max. rap.: |y| <1.0 - Scale: Average dijet pT| |- Scale: Jet pT

- Scale: Jet pT - Data 2011, 5/fb - Data 2010, 36/pb

- Data 0.7/fb

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 24



| Jet Angular Correlation ICF

Y &
R -1
AR 10+ - D@ L=07®7|F — 4 22<AR<26
B guE B A B - ® 1 8<AR < 2.2
I Le%%e ¥ | - A _|F e14<AR<18
~c | / i "o i =
= Yy I 3 I
o -2
[.:5 10 - Hr =M =Pr |k - =
N - MSTW2008 PDFs || - -
N : E i i
x | — NLO pQCD + || I I
ad 3| non-perturb. correct. VS = 1.96 TeV
10
b

pnbr‘ - 30 GeV pnbr. - 50 GeV pnbrl - 70 GeV pn r‘ - 90 GeV
|Tmm |Tmln — |Tmln lem

50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400
DO, PLB718 (2012) 56.
> Py (GeV) ( )

Good description of data by theory in particular for higher jet p.min
as(Mz) = 0.119179 007 (total)

Dominated by theory uncertainty! NLO only
+£0.0003(stat) £ g g009 (€xP-) Z0:0001 (NP) T0:0005 (MSTW) T5:5024 (PDFset) " o (scale)

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 25



3- to 2-Jet Ratios

ICFA

——— T
—

il

| [[@ ] Data 2010

2010

g

NLO pQCD, PDF
MSTW2008NLO and
non-pert. corrections
I uS(MZ)=D.11U
ch(MZ)=D.1 30

oy’ 0.2 cms 1N 2 - ATLAS Preliminary
R,/ Sy 2011 ez 08 TNy
0.18~ antik;R=0.7 % — & [ anti-k, jets, R=0.6
- N 8 0.6 —
0.16}- Tl | S Z L
- TR 0.4
0.141 TN Ar -
0.12" TN 0.2l T
- - . i
0'1: Fits only above 420 GeV § © ———
0.08 j Data (L_ = 5.0 fb") B th:- 1.2 -
T % NNPDF 0,(M,) = 0.106 - Min. Value | > C
- ) NNPDF oy (M,) = 0.119 - S
0.06~ i NNPDF o4(M ) = 0.124 - Max. Value ~ _| |'E .
- 7 NNPDF-NNLO : 06k
004 Cl oo b e e b "~ o .
200 400 600 800 1000 1200 1400 70 100 200

Py, »» (GeV)

Similarly described by CT10 or MSTW2008
Discrepancies observed with ABM11

as(My) = 0.1148 £ 0.0014 (exp)
+£0.0018 (PDF) 4 0.0050 (theory)

CMS, EPJC 73 (2013) 2604.
Klaus Rabbertz

0.016
:|:0.003

Dominated by theory uncertainty!
Beijing, China, 28.10.2014

11t ICFA Seminar

~ 1000

300

ags(Mz) =0.111 £+ 0.006 (exp)
(theory)

ATLAS-CONF-2013-041 (2013)
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A\  Normalized Multi-Jets in DIS  ICF

Y &
H1 Data NLO ®Chad P T 1 T | T T T T T LI | T T T 1 T T ‘
® 150 <Q*<200GeV* (=5 O 400 <Q*<700GeV? (=2) NLOJet++ with fastNLO =" N —H1 multijets at high Q2 ]
0 200<Q?<270GeV? ¢=4) 4 700 <Q° <5000 GeV* =1 %g%h\lfggﬂoa 0 =0.118 T A M H1 exp. uncertainty
m 270<Q*<400GeV? (=3 A 5000 < Q%< 15000 GeV? 4=0) o S i HA1 total uncertainty
- 10%F Normalised Normalised Normalised 0.20 o H1 multijets at high Q>
% N Inclusive Jet Dijet Trijet % H1 multijets at low Q2
O, 107 - ZEUS inclusive jets in yp |
o 10°k } D@ inclusive jets
¢/ o . . 0.15| I DO Ryg B
£ 10° ° ° e | ﬁ\ t CMS Rs2
= E ' ¢ Y o * - N ]
< 104 E_ - ° o ° ] \ﬁﬁ :
@© S [ ]
o 3;_ - . Ll i | ? i
s 19 . i ] g 0.10} ﬁﬁ}‘a ]
e 2[ = . - A0 -
3 10 ] ) ] H 1 \M
] 10 E o i [ ] =] * [ | | ]
& - . o —————H —— ——
2 1k . \ __ 013 =
‘T ? . u] N - ) n| N i_ _i
o 107 ‘ : = 012} :
S . ; " : ?—--- ﬁ —————
o] 10'2 : : 3 011 ?&
¢ H1 A |
© 10'3 i % B ] L L L T L L L T N N |
] ‘ 5 10 30 K 00 300

20 30 50 7 10 20 30 50 7 10 20 30
ijt [Gev] <P_|_)2 [GeV] (P_l_>3 [GeV] H1, arXiv:1406.4709

Jet ph :
05(Mz) = 0.1165 £[0.0008 (exp.)| +£[0.0038(theor.)] Jetsincl: 1.0 <n.. <25

_ : 7 <pT <350 GeV
NLO: Dominated by theory uncertainty! 2-,3-Jets: 5 < pT < 50 GeV

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 27
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\ CMS a_ Summary

Y <4

S _I 1T 11 | | | | 1T 11 | | | | | | | | I_
g 0.24 CMS Preliminary _
= 022 = CMS Incl. Jets : ag(M,)=0.1185"""% | -
T\ A CMS R,, _
0.2F [;fi g CMS tf cross section —
— i\ \ CMS 3-Jet mass n
0.18 :_ ) ° CMS Incl. Jets _:
0.16 ) 1
014 NLO  m,pr. -
0.12F P - —
0.1 :_ s DO inclusive jets ; _:
— o DO angular correlation / 7
00gE °© ZEUS ttbar NNLO R?’/2 E

(111 | Lol | | ]_|_|_|_|_|J___|_|,_>

10 10°  New atLHC 10’

Q (GeV)
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Jets (& ttbar) a. Summary  ICFA

Aas/as

H1 multijets at low Q’ HERA | €exp theor

EPJ C67 1 (2010)

H1+ZEUS (NC, CC, jets)
H1-prelim-11-034, ZEUS-prel-11-001 (2011)

ZEUS incl. jets in v p
Nucl. Phys. B864 1 (2012)
H1 multijets at high Q° o) o)
arXiv 1406.4709 (2014) 07 /0 33 A)
CDF incl. jets

Phys. Rev. Lett. 88 (2002) Tevatron

DO incl. jets
PRD 80 111107 (2009)

D0 ang. correl. 0 (o)
Phys, lett. B718 56 (2012) 07 /0 49 A)
Malaescu & Starovoitov (ATLAS incl. jets) ATLAS

EPJ C72 2041 (2012)

ATLAS N,
ATLAS-CONF-2013-041 (2013)

cMS R 0 0
Eur. Phys. J. C 73:2604 (2013) CMs | 1.2% 4.6%
Phys. Lot 8726 496 2013 NNLO 1.7% 1.3%

CMS 3-Jet mass
CMS PAS SMP-12-027

CMS incl. jets

CM3 PAS SMP-12-028 1 60/0 41 %

World Average
PRD 86 010001 (2012)

'
0.15
OLS(MZ)

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 30
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\ PDG a_Summary ICF

Y <4
T TRRERTREESTERER RS
o PDG2014 v T decays (N3LO) t-decavs RO~
S(Q) ® Lattice QCD (NNLO) . Y '
a DIS jets (NLO) Lattice o
03+ 0 Heavy Quarkonia (NLO) 1 I
o e'e jets & shapes (res. NNLO) DIS =0 :
® Zpole fit (N>LO) ete” annihilation +—Oy
v pp—> jets (NLO) I
02 Z. pole fits —=o—
. N I L PP
0.11 0.12 0.13
0.1} . _ a’s (MZ)
— QCD ag(M,) = 0.1185 = 0.0006 Dominated by
- ' < | attice Gauge Theory
1 10 100 1000
Q [GeV]

CMS data, but not in average

since only NLO theory! as(Mz) = 0.1185 £+ 0.0006

Bas(Mz) _ 5o
as(Mz) PDG'92: 2.4%

PDG, Chin. Phys. C 38 (2014) 090001.
Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 31



Al Perspectives at Future Colliders ICFA
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N

PDF Improvements

ICF

N

Important to reduce uncertainties on: M, o(gg — H), o,

Still at LHC:

Analysis of 7/8 TeV data still ongoing

Improve high mass regions, gluon, strange quark PDF, ...

Full impact still to be evaluated!

At high scales will need Photon PDFs,

work ongoing;
more experimental results needed!

Ultimate Tool for PDFs:

LHeC / FCC-he

— low X, high x (luminosity!),
high Q2

- Xg(x)

unc

_Oo

HERA I

HERA T+LHC (Wasymm)
HERA T+BCDMS &z
HERA TI+LHeC s

4
le-06

0.0001 0.001 0.01 0.1

le-05

LHeC Report, JphysG NPP39 (2012) 075001. X

Klaus Rabbertz

Beijing, China, 28.10.2014
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\ a, Projections

Still at LHC:

Only jets probe running a, at highest scales
1% uncertainty at M, challenging, but not impossible
Need NNLO and improved PDFs (gluon) plus some experimental optimization

Method Current relative precision Future relative precision
_ expt ~ 1% (LEP) < 1% possible (ILC/TLEP)
ete™ evt shapes o o 5 _
thry ~ 1-3% (NNLO+up to N3LL, n.p. signif.) [27] | ~ 1% (control n.p. via Q*-dep.) 1%
L expt ~ 2% (LEP) < 1% possible (ILC/TLEP) °
eTe et rates . ) c o
thry ~ 1% (NNLO, n.p. moderate) [28] | ~ 0.5% (NLL missing
t ~ 3% (Rz, LEP 0.1% (TLEP [10]), 0.5% (ILC [11
precision EW P /{\_( s ) / ( y | D 5% ( 1) <10A)
thry ~ 0.5% (N®LO, n.p. small) 9,29] | ~ 0.3% (N*LO feasible, ~ 10 yrs)
q expt ~ 0.5% (LEP, B-factories) < 0.2% possible (ILC/TLEP)
7 decays
) thry ~ 2% (N3LO, n.p. small) 8] | ~ 1% (N*LO feasible, ~ 10 yrs)
~ 1-2% (pdf fit dependent 30,31], | 0.1% (LHeC + HERA [23
ep colliders % (p e%)en ent) | I & ( LT ) 123]) <1%
(mostly theory, NNLO) (32,33] | ~ 0.5% (at least N®LO required)
T EEEE———————
~ 4% (Tev. jets), ~ 3% (LHC tt - 1% challengi
hadron colliders _ § ( ev. Jets), _ % ( 2 = 17 Cl,q en'gmg' ~1%
(NLO jets, NNLO tf, gluon uncert.) [17,21,34] | (NNLO jets imminent [22])
lattice ~ 0.5% (Wilson loops, .correlators, ...) ~ 0.3% <0.5%
(limited by accuracy of pert. th.) [35-37] | (~ 5 yrs [38]) -

Snowmass QCD Report, arXiv:1310.5189.
Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 34
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Summary ICF

Y &

Still new precise measurements from HERA and Tevatron

LHC Results at 8 TeV still to be finalized ... and 13 TeV is at the doorstep
Data quality makes jet measurements PRECISION PHYSICS

Theory definitely entered regime of NLO as Standard

But still theory uncertainty dominant, NNLO required at least ...!

... and photon PDFs.

Many PDF/a, relevant measurements from LHC ongoing or in near future
— reduction of uncertainties possible

Opportunity for ultimate improvements with future colliders

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 35
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Summary ICF

Y &

Still new precise measurements from HERA and Tevatron

LHC Results at 8 TeV still to be finalized ... and 13 TeV is at the doorstep
Data quality makes jet measurements PRECISION PHYSICS

Theory definitely entered regime of NLO as Standard

But still theory uncertainty dominant, NNLO required at least ...!

... and photon PDFs.

Many PDF/a relevant measurements from LHC ongoing or in near future
— reduction of uncertainties possible

Opportunity for ultimate improvements with future colliders

Thank you for your attention
and the invitation to speak here!

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 36



Backup Slides
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60

50

40

30

20

y| < 4.4, 80 GeV < pr < 97 GeV

%10

NNLO Scale Dependence ICF

Jet pT at NNLO (gluon-gluon only)

Vs=8 TeV
anti-k, R=0.7
MSTW2008nnlo

L=l =
R F

80 GeV <p. <97 GeV

I
Il
o

==NLO
—NNLO

!

Klaus Rabbertz Beijing, China, 28.10.2014

w/p

T

Drastically reduced
scale dependence!

Gehrmann- de Ridder et al.,

N

PRL110 (2013), JHEP1302 (2013).

11t ICFA Seminar
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Evolving Aa,

Incredibly Uncomfortably
shrinking error  growing error
> -

M, M, M,
L | L ML |

0.25 |-

:+35% :I\M’Iz <—:

o
N
o

|

O
o
|

(Sas(Mz)las(Mz)) / (SOCS(Q)/OtS(Q)) -1

.-/ Soig(M,) = 4.2%

[ > Sug(My) = 1.3%!
-0-75 '] '] 'l IIIIII '] 'l '] IIIIII

1 10 102 103
Q/GeV

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 39



\ Jet Energy Scale ICF

Y <4
Dominant experimental uncertainties for jets! ® Jet Energy Scale (JES)
Enormous progress in just three years. + Noise Treatment
= Pile-Up Treatment
ATLAS from 5/fb (2011) <% Luminosity
(Z+jet channel) _
>, 0.05 %+ Jet Energy Resolution (JER)
'EO 045 E_ ATLAS Preliminary (s =7 TeV, J- Ldt=47fb" .
S antick. R=0.6. EM+JES . Approximate development
b [ t e = m
D 0.04- Total of JEC precision
s - Stat. ‘ < B B BRRLL B AL B L
0.035 & Extrapolations < 15 KR Preliminary -
- A Pile-up jet rejection oy -
0.03 % ---5--- MC generators £ — ATLAS, n| <03, p;>30GeV |
-\ - Re_adiation suppression g — CMS, n| < 0.5, p; > 30 GeV
0.025 29 -E}---E :E:: \é\/&?_tgf_cone § [ — DO, /=0, p; > 50 GeV
0.02 — ---»--- Electron energy scale 3 10 L — CDF,0.2<|n| < 0.6, p; > 20 GeV |
0.015 | % ]
= o
0.01 5 > |
0.005 SoEee e 5 r .
0 :_ f;i'}\""i';"‘%"" "fffq%?ff|fifﬁfiqffff.ﬁ‘f:ffffifff:ff B "‘7; B I 7]
20 30 40 50 60 100 200 w s { -
p"Tef [GeV] - 1 I H -
0 il v vl il il d o |

ATLAS, EPJC 71 2011; arXiv:1112.6297; CONF-2012-053; CONF-2012-063 6 5 4 3 2 1
CMS, JME-10-003; JME-10-010; JINST 6 2011; DP2012-006; DP2012-012 10 10 10 10 10 10 1 10
DO, arXiv:1110.3771; DO prel. 2006 Integrated luminosity (1/fb)

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 40



But:

New situation in 2012 at 8 TeV
with many pile-up collisions!

ATLAS Z — pyu candidate

with 25 reconstructed primary vertices:

(Record beyond 70!)

CMS from 5/fb (7 TeV, 2011)

CMS preliminary, L 4.9 fl:n1

(s = 7TeV

CMS preliminary, L = 1.6 fb’

CMS from 1.6/fb (8 TeV, 2011)

's=8 TeV

Klaus Rabbertz

==

[ ] Total uncertainty
— Absolute scale
-+ Relative scale
- Extrapolation

-= Pile-up, NPV=12
= Jet flavor

- Time stability

Anti-k; R=0.5 PF
In, I=0

jet

SR

'_‘10k LI B B B T T 154 '_'10_
§ - =Total uncertainty 7 ﬁ F ‘.\
> cl Absolute scale - > 9
€ gkt * Relative scale =
© - Extrapolation ] . Sk
5 7 = Pile-up, NPV=8 - Plle-up 5 70
Q At = Jet flavor : o _f
S 6f - Time stability 1 effect S 6%
O 55 . = 5H
T Anti-k, R=0.5PF ] o
4 h]m|=o - D 4
3l ft
27 E 2
1E : 18
¢ 20 100 200 1000 0 20
p; (GeV)

Beijing, China, 28.10.2014

[

100 200

11t ICFA Seminar

CMS, DP2012-006
CMS, DP2012-012
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Al CMS Jet + Photon Summary  ICEA

Mar 2014 CMS Preliminary

107 ¢ 7 TeV CMS measurement (L <50 |
§ 8TeV CMS measurement (L <19.6fb™) i 3
—— 7 TeV Theory prediction -
1 06 . — 8 TeV Theory prediction
ijet) ©
10° ; i
T —
4 5 i 5
e |
1 O pr\,-}25 GeV : :

{ p, >40GeV, p,>30 GeV :

Production Cross Section, o [pb]

2
TI11|||||||f||||||||HI||||||HI||||||H|||||||rI1|||||M||||||M||||||Ml||| ||Ml|||

_]:L-|,||-"I"I-I II-I-|,||-"I- IIIII|,|IIIIIII|,|IIIIIII|,|IIIIIII|,|,|IIIII|,|,|,|IIIII|,|,|,|IIIII|,|,|,[I

2 :
10 —
1 O p,>23,20 GeV :
: pT“>40_,25 Ge\.;'
1 ' :
10 —
1 0-2 i i i i
| Inc. jet | Inc. v | v+et vy H—yy

Th. Ag,in el):p_ Ao

All results at: http://cern.ch/qgo/pNj7
Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 42



Al ATLAS V + X Summary (Ratio)

Vector Boson + X Cross Section Measurements

o™ (y+X) (I <1.37]
—[1.52< |5?] < 2.37]
o(2)
— [Njex 2 1]
i [njet 2]
= [njet > 3]
— [Njex > 4]
- [nb—jetZ 1]
— [Mpyjer= 2]
o''Y(Z — bb)
of4(Zjj ewk)
o (W)

— [Njer=1, Np_jer=1]

— [Njer=2, Np_jer=1]

o"(W)/o"(Z) [njer 2 1]

— [Mjer 2 2]
= [Mjer = 3]
— [njer > 4]

Klaus Rabbertz

Status: July 2014

o

=1230+10+

o=0(884+013+

= 15056+ 0.06 +

= 520.0+ 200 +

e 1 : 1 : 1
= 236.0+ 2.0+ 13.0- 9.0 pb (data)
JETPHOX (theory)

9.0 — 7.0 pb (data)
JE PHOX (theary)

= 470.0+ 3.0+ 17.0 pb (data

FEWZ+HERA1 .5 ‘\NL_. {theory)

5.15 pb (data)
Blackhat (theory)

1.51 pb (data)
Blackhat (theory)

3.00 + 0.03 = 0.4 pb (data)
Blackhat {theory)

o = 065+ 0.01 +0.11 pb (data)

Blackhat (theory)

= 4820.0 + 60.0 4 360.0 — 380.0 fb (data)
CFM (thaoryi

MCFM {thaory)

2 74.0 - 72.0 fo (data)
MCFM (theory)

202 + 0.2+ 0.26 pb (data)
Powwaa (theory)

547+ 4649.9-1051b (data)
PowhagBox (theory)

= 5.127 + 0.011 + 0.187 nb (data

FEWZ:HERA1.5 NNLO "Ihaory

408.6 + 0.4 + 42 3 pb (data)
Blackhat (theory)

1133+ 0.2 = 12 4 pb (data)
Blackhat (theory)

= 22 56 + 0.11 + 3 08 pb (data)

Blackhat (theory)

= 4.486 + 0.057 + 0.864 pb (data)

Blackhat (theory)

o = 0.936 + 0.032 + 0.299 pb (data)

Elackhat (theary)

=50+0.5+1.2pb (data)

MCFM+D.PL (theory)

o =22 +0.2+ 0.5 pb (data)

MCFM+D.P. (theory)

Ratio = 8.587 = 0,019 + 0.223 (data)

Blackhat (theory)

Ratio = 8.781 = 0.041 + 0.261 (data)

Blackhat (theory}

Ratio = 8.403 = 0.083 + 0.47 (data)

Blackhat (theory)

Ratio = 8.168 = 0.193 + 0.924 (data)

Blackhat (theory)
| e N M|

ATLAS Preliminary
Run1 vs=7,8TeV

LHC pp vs=7TeV

- Theory
Data

B
stat+syst

LHC pp vs=8TeV

‘“_=U Theory
Data
- stat

stat+syst

0.0

02 04 06

Beijing, China, 28.10.2014

16 18 21

data/theory
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J£dt
[fb~]
4.6
4.6
0.035
4.6
4.6
4.6
4.6
4.6
4.6
19.5
20.3
0.035
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6
46
4.6

Reference

PRD 89, 052004 (2014)
PRD 89, 052004 (2014)
PRD 85, 072004 (2012)
JHEP 07, 032 (2013)
JHEP 07, 032 (2013)
JHEP 07, 032 (2013)
JHEP 07, 032 (2013)
ATLAS-STDM-2012-15
ATLAS-STDM-2012-15
arXiv:1404.7042 [hep-ex]
JHEP 04, 031 (2014)
PRD 85, 072004 (2012)
ATLAS-CONF-2014-035
ATLAS-CONF-2014-035
ATLAS-CONF-2014-035
ATLAS-CONF-2014-035
ATLAS-CONF-2014-035
JHEP 06, 084 (2013)
JHEP 06, 084 (2013)
ATLAS-CONF-2014-034
ATLAS-CONF-2014-034
ATLAS-CONF-2014-034

ATLAS-CONF-2014-034
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\ CMS W, Z, ttbar Summary ICF

Y &

Mar 2014 CMS Preliminary

2 0 R 7 TeV CMS measurement (L<507" |
B § H}__.. §8 TeV CMS measurement (L < 19.6 o) §
= R . =7 TeV Theory prediction 7]
S 100k ¢ | -8 TeV Theory prediction |
s WE __ | S
g B =
B P A o ]
0 102k o | — I e
S = o —— I
s F T T A I O
O I - R T T
- | P o= ol
s T19F - E
© = L o E
- | — ﬁ : : .
L®] : : : : : : : : : : : : :
O e =
o F szz!'l";zzz-é;é
10" J = = A N N T T N T =
| | | | | | | | | | |

W =1 =2j =3 =4f =5 =6 1c 2 Z  =1j =2j =3 =4f =1b =2b 1ji 2 3
Fiducial W and Z os with W—lv, Z—Il and kinematic selection
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| ATLAS Jets Summary (Ratios) ICFA

Inclusive Jet Cross Section Measurements Status: July 2014
Incl. jet R=0.6, |y| < 3.0 o = 712.31.9 + 790 — 76.0 nb (data) I I I '
—lyl<0.5,0.1< pr <2TeV o = 187.0 £ 0.0 + 15.1 — 15.0 b (data)
—0.5< 1yl < 1.0,0.1 < pr < 2TeV ¢ = 172.7 £ 0.0 + 15.9 — 14.3 nb (data)
-1.0<lyl<1501<pr<2TeV 7 =130.8+0.0+16.5-16.2 nb (data) ATLAS Preliminary
-15<|y]<20,01<pr<2TeV o =105.5+0.7 +16.0 — 15.2 nb (data)
—2.0<lyl<25,0.1<pr<09TeV o =60.7+06+135 - 12.7 nb (data) Run 1 \/E =7 TeV
—25<yl <3.0,0.1<pr<05TeV o =37.5+04+04-8.4nb (data)
Incl. jet R=0.4, |y| < 3.0 o =563.0+ 15 +554—51.4nb (data)
—lyl<0.5,0.1< pr <2TeV o = 1451 + 0.8 + 10.7 — 10.6 nb (data) LHC pp vG=7TeV
—05 <yl <1.0,0.1<pr<2TeV o = 136.0 £ 0.8 + 10.9 — 10.5 nb (data)
—1.0<lyl < 1.5, 0.1 < pr < 2 TeV o =112.2 £ 0.7 + 11.0 - 10.2 b (data) Theory NL()1J91++, CT10
15 <[yl <2.0,0.1< pr< 2TeV - =835+0.6 +11.1- 0.7 nb (data) E{:}a 4.51fb
—2.0 <|y] <25,0.1<pr<0.9TeV o =57.120.4 +10.4 - 0.1 nb (data) stat+syst
—25< |yl <3.0,0.1<py<05TeV o = 2013 0.31 + 7.5 6.38 nb (data)
Dijet R=0.6, |y| < 3.0, y* < 3.0 |-~ 1190=04+100-1031b datz)
—y* <0503 <my<4.3TeV o =48.21 + 0.23 + 4.03— 3.8 nb (data) Incl. jet: ATLAS-STDM-2013-11
—05<y <1.0,0.3 < my<4.3TeV o =51.47 +0.32 + 4.76 — 4.4 nb (data) Dijet: JHEP 05, 059 (2014)
—1.0<y* <1.505< mj < 4.6 TeV o =13.82+£0.11 + 1.44 - 1.42 nb (data)
—-15<y* <2008 <my<4.6TeV o = 4.03 +0.06 + 0.69 — 0.65 nb (data)
—20<y <25 13<my<5TeV ¢ = 505.0 £ 15.1 + 102.4 — 02.4 pb (data)
—25<y* <3.0,2<my<5TeV o =260+42+7.7-6.4pb (data)
Dijet R=0.4, |y| < 3.0, y* < 3.0 |~ 87+026+756-7.20b (datz)
—y* < 0.5,0.3 < my <4.3TeV o = 35.47 + 0.15 + 2.70 - 2.66 nb (data)
—05<y" <1.0,03<my<43TeV o = 37.33 £ 0.2 + 3.25 — 3.03 nb (data)
~1.0 <y <1505 < my<4.6TeV o =10.12 £ 0.07 + 1.02 - 1.03 nb (data)
-15<y* <2008 <my<4.6TeV o = 3.57 £0.04 + 0.51 - 0.49 nb (data)
—20<y <2513 <my<5TeV o =371.0 £ 0.7 + 815 — 72.1 pb (data)
—25<y* <3.0,2<myj<5TeV o 15-U'=|2-U +54- 4-? pb (data) : . | .
0.4 0.6 0.8 1.0 1.2 1.4 1.6

data/theory
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N

Cross section ratio for R = 0.5/0.7

Emphasizes effects of
showering and hadronization

— NLO insufficient to describe data!
\s =7 TeV

CMS (unpublished), L = 5 fb™
B I I T | I I I

f_ NLO

#E NLO®NP

57I TIeVI | | | L1 1 |

60 100 200 1000
CMS, arXiv:1406.0324, acc. by PRD. Jet o) (GeV)
(auxiliary CMS plots) T

Klaus Rabbertz

Beijing, China, 28.10.2014

Inclusive Jet Ratios: “0.5/0.7” 1CFA

Requires event generators:

LO+PS+HAD — better
(Pythia6,Herwig++)
NLO+PS+HAD — best
(POWHEG+Pythia)

G. Soyez,
PLB698 (2011).

ALICE study
R=0.2 / R=0.4

See also: ALICE,
PLB722 (2013) 262.

/s =7 TeV

~
S gl V1 <05
0

POWHEG+Pythia

CMS (unpublished), L = 5 fb™
B I I [ | I I I

[@]Data

## NLO®NP
... PYTHIAG Z2
----HERWIG++

— POWHEG+PYTHIAG6

60 100

200

1000
Jet P, (GeV)

11t ICFA Seminar 46



1

W + Jets

Comprehensive study by D0
Data well described by NLO
LO generators run into problems at high multiplicity

%i=0-02l_lel_llé)(lagl?'lflb_ul\ﬂ.;(lI|)I+I>»2|-It|+lxlll|llll|II - L Y L O O Y B O
- , 3. . W(— ev)+=2jets . T, _ -1 : ]
o - --c2-- Alpgen+Pythia -1 Alpgen+Herwig - A Z : —=- D@, 37107, W(- ev)+jets+X i
-8 - --4&-- Pythia - Herwig - (pj1,j2 - +:
= | I NLO Blackhat+Sherpa %] HEJ _ — $ ~
©0.015 ~4-Sherpa - - e
- .-
0.01 o % M E
x :g: NLO BlakhatsSherpa. |
< > . - - O Alpgen+Pythia 7
Njet VS HT 1 '6: 7 Alpgen+Herwig .
- Pythi -
0.005 4 Y L :
- ¢ Sherpa ]
| DT i 1.2 —
" Roone=0.5, p'>20 GeV, [y[<3.2 1 13_'_ Reonc=0.5, p”>20 GeV, [y™|<3.2 E
0__ p$>15 GeV, [n8<1.1, M¥>40 Ge‘le, pT>20 GeV | __ :| | p$>15| GeV, |n°|<1 _1,| M‘*T'"':>40 GeV, p|T:>2[} GFV i
E ||‘|| T | T 11 | ' T T1 | T 11 | ' T T1 | T T I.I | T E | T TT | T T |.| T TT | T TTT | T TT | T TTT | T TTT | T
© | W(— ev)+=2jets+X | 8 1 1 W= ev)=ljet+X |
o o e e
S, > 145!1——5 ———O =
8 8 09_ E % _...-@-...______._..._m_..._..._.._
= = 0.8F * s
0.5_| I | | I...J..I"/.if.l | L1 1 1 | I | | I | | | 1 I“I - | L1 1 | | L1 1 1 | L1 1 | | | I . | L1 1 | | . | I | | [
0 0.5 1 1.5 2 2.5 3 100 150 200 250 300 350 400 450
DO, PRD88 (2013) 092001 A0(],) H, (GeV)
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\ Photon + HF Jet ICF

Y &

— New results from D0 and CDF for photon+heavy flavour (b,c) production
— At low pT probes HF PDF; at high pT produced by gluon splitting

— NLO insufficient

— Better described by e.g. Sherpa

DO:y +c +X CDF:y+b +X
> | DO, L=87fb e data s [
g 10 - NLO (Stavreva, Owens) ) CDF y+jets data, L=9.1 fb’ ]
e - k, fact. (Lipatov, Zotov) Q__ 1 —f— y+b+X .
= i SHERPA, v1.3.1 'g_ Systematic uncertainty ]
o 1L PYTHIA, v6.420 el NLO (Stavreva, Owens)
"'E E ly'l < 1.0 %1 0_1 I T k; fact. (Lipatov et.al.) ]
i ly*'I<1.5, p'>15 GeV S T T SHERPA 1.4.1
a o wen. PYTHIA 6.216
10°¢ —
- 102} S .
107 ol
- 10° ] 1 E
10-3 g_ i IH'JI'JI'II'Jllldlllil‘jldl‘lldl‘lldI'J'I'JI'JI'JE
-4 :I L1 1 | | I I | | | | | I I | [ I | | I T | 104 — I I I I | I | I I | I I I I I I I I I I I I I —
% 50 100 150 200 250 300 50 100 150 200 250 300
Y
b
DO, PLB719 (2013) pr (GeV) CDF, Note 10818 (2013) ET (GeV)
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Y &

\ Jet Algorithms ICF

Primary Goal: s (W3 L., 1om
Establish a good correspondence = .l.' / Deposited Energy:
between: / % i .||.|.|l|.- L Hadronic
- detector measurements - - * " o o] [o] 1 H'I_II Electromagnetic
- final state particles and  _ 22 Track Hits
- hard partons — =~ _ ) ) / 105m
— c ! i
Two classes of algorithms: * 2 Mesons: A\ L[ Baryons: —
1. Cone algorithms: "Geometrically” S Kaors, UM Neuons,
assign objects to the leading energy ~ i o
flow objects in an event <10®m
(favorite choice at hadron colliders) & Quark
2. Sequential recombination: Repeatedly ;:c; S\
combine closest pairs of objects a
(favorite choice at e*e” & ep colliders) Proton Proton

Standard at Tevatron: MidPoint Cone

Standard at LHC: anti-kT
CDF also looked at kT; at LHC also kT, Cam/AC, SISCone in use  Jet1
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Achievements ICF

Y &
30 years ago ... ... and today !
10 r . | . 104l inclusive jet production  fastNLO_ [
L Detector dependent “Jets”‘ in hadron-induced processes S
LO Theory UA2 : | i (x2500) s =200 GeV pp

e STAR cone 0.2<|n|<0.8

ot Shape not so bad actuallyt

3 . DIS
) AL L (< 400) 5 0
% emav Hi ky Q7: from 150 to 5000 GeV
= 10k _ ooaes ZEUS k; Q% from 125 to 5000 GeV?
o SHEE (x 150)
e > B emavo H1  kp Q% from 150 to 5000 GeV?
I3 o F s = 546 GeV ooaee ZEUS ky Q% from 125 to 5000 GeV?
o - -
w P [ o GDF cone 0.1<n|<0.7 W (x 50) pp_bar
v = | ik %
b 1072 . ~ | Vs =630 GeV
o 4 s e DO cone 0.0<|n|<o.5i++ o Hﬁ#i i
Z10 | Vs=18TeV

E o CDF cone 0.1<[n|<07 L b e
- e D cone 0.0<n|<0.5
10} - - Vs =1.96 TeV
—_— - 4 CDF k; 0.1<|y|<0.7 (x2)
r 4 o CDF cone 0.1<|y|<0.7 4 pp

ojuisey/Bio-abiojday sjosloid;/:dny Woly paureiqo aq ued ainbiy siyj Jo UOISIaA 1SaJe| ay)

1 B e D cone 0.0<]|y|<0.4 (1)
; \Ns =7 TeV ++#++ phe et RN *
10 . 1 L 1 v ATLAS aniikt R-04 1] <0 LHC 2010
10 30 50 | e CMS antik; R=05 |y|<0.5
Er (GeV) -1 | all pQCD calculations using NLOJET++ with fastNLO:
10 | %Mp=0118 | MSTW2008PDFs | up=He=Pry
Fig 6 Inclusive jet production Cross section The SOlid line - NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)
’ : : : L L I I ‘ L L L | | | L L L L ‘ L
(ref. [6]) uses A = 0.5 GeV while A = 0.15 GeV would bring 2 3
the calculated rates in better agreement with the data. How- 10 10 10
ever various uncertainties preclude a determination of A pr (GeVic)
from the data [13]. UA2, PLB 118 (1982). fastNLO

Klaus Rabbertz Beijing, China, 28.10.2014 11t [CFA Seminar 50



\ LHC and Experiments ICF

Y &

CMS Integrated Luminosity, pp

LHC: p-p collisions 2012: 23/fb

om 2010-03-30 11:21 to 2012-12-16 20:49 UTC

speCiaIiSt 20 : zgi: t73 :x :.31.;:*1 20
for heavy
7 . ions 15l LHC 2012 |1
ATLAS/CMS global features: ALICE Tevatron

Silicon trackers: Upto|n|=2.5
Calorimetry: Up to |n| ~ 5.0 C Specialist
Muon chambers: Up to |n| = 2.4-2.7 syforb

110
'HERA ep 100 X 1045
2/1 o

(&)

Total Integrated Luminosity (fb

o 1
. 0 < N © o ) Q x N c
Jet energy scale: 1 -3 % prec. QUArks s o o0 ot (w9 ot Lot b ot
Date (UTC)
Muon Detectors Electromagnetic Calorimeters [ MUONCHAMEERS | [INNER TRACKER | [ CAYSTAL EGAL .

s i

Forward Calorimeters

Solenoid

End Cap Toroid

MMMMMMMMM

Nty Illllll‘llllllll LT T T Ry
Ll

]
L |
——

T e s

o n
"'ﬁ
i == . H | .’ — it
Total Weight  : 14,500 t. =t | [
3““::&%"’;“ 3160 m Wi A ;
verall length : 21.60m - =
Magnetic field :4 Testa === |RETURNYOKE =

Barrel Toroid Inner Detector - : Shielding
adroni
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\ CDF and DO ICF

Y &

Silicon tracker: Upto|n|=2.0-2.5 Silicon tracker: Upto|n|=3.0

Drift cell tracker: Up to |n| =1.1 Fiber tracker: Up to|n|=1.7
Calorimetry: Up to |n| = 3.2 Calorimetry: Up to |[n| =4.0
Muon chambers: Upto|n|=1.5 Muon chambers: Up to |n| = 2.0

Jet energy scale: 2 -3 % prec. Jet energy scale: 1 -2 % prec.

\

o
A\

AT

)
/" i

1§

“hy
L\

Z=5

) i i
D@ Detector w
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\ Process Decomposition ICF

—_ 1 —
(@) (7) 9;,9; —
-] )
E — q,q; — jets |-
- (3) 99,99 — jets, x; > X, _
@) — jets
"g 0.05 0.1 0.2 0.4
E | a 1 | | | | | | | | | l
3 2 Inclusive jets: Tevatron Run Il ]
© > i
- O . i
_ | = 06 qq — jets -
(1) gg - jets 3 ]
0.25 © 04 _
fastNLO 5 i ]
Inclusive Jets -3 0.9 =
[ Anti-k;, R=0.5 ) c Ve [© .
LHCVs=7TeV 0.0<|y|<0.5 L = gg — jetS
0 1 L1 1 11 I 1 1 1 L1 1 11 | 1 1 0 B 1 | | | | | | |
10 -2 10 -1 50 100 200 400
pr (GeV)

Xt
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