DPG Fruhjahrstagung 2012 4)

QCD --- .
Neues von der starken Kraft

rirmes tlLHL.LERN
d n_Jdn 2?09 20:02 2010 CEST

[ A ren ie
| Un/Ew: 'I 50} 114807131
=T | kumise 599

GEFORDERT VOM

% Bundesministerium
fiir Bildung
und Forschung

Klaus Rabbertz, KIT Karlsruhe Institute of Technology
Klaus Rabbertz Gottingen, 27.02.2012 DPG Fruhjahrstagung 2012




The Menu

@ Jet Algorithms

@ Jet Areas

@ Jets: All, Two, Three

@ Photons: One and Two

@ Bosons: Not alone See also Talk T2.1 by
@ Event Shapes

@ Jet Mass and Jet Substructure

@ Mass matters

@ OQutlook
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Luminosity

Common to all cross section
measurements:

Initial Uncertainty at LHC: 11%

From van-der-Meer Scans:
Uncertainty dominated by
beam intensity measurement

Reached by now:

Ny 3-5%
2.

© www.freefoto.com

— HERA-Proton,DESY
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Final State Radiation

Sketch of a pp Scatter

Initial State Radiation

Hadronization

PDF, Proton
structure

Not shown for simplicity: I
Beam Remnants
Multiple Interactions
FSR off the hard partons

Klaus Rabbertz

Gottingen, 27.02.2012

Decay

S. Gieseke

PLUS ...

a Detector!
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Jets

Remnant 1

Remnant 2

Lachlan Rogers, Wikimedia
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Jet Algorithms

& S

Primary Goal: Jet 3 ﬁ: ot p10°M
Establish a good correspondence £ Bl Energiemessung:
between / % ,||||'| 1 Hadronisch
. . oo 7 o l"‘ ',.“\II‘TIl‘T \‘\ll Elektromagnetisch
- detector measurements - - )
. . rpunkte
- final state particles and~ _ PHIPY
- hard partons =~ c 105m
~ <, £ ,
. O . A .
. =~ Mesonen: 4 [{[[f Baryonen: —
Two classes of algorithms: g Poren " Protonen,
1. Cone algorithms: "Geometrically” ete. ete.
assign objects to the leading energy <10%m
flow objects in an event g
(favorite choice at hadron colliders) %
o

2. Sequential recombination: Repeatedly
combine closest pairs of objects Proton
(favorite choice at e*e” & ep colliders)

Standard at LHC: anti-kT
Type 2 algorithm that looks like Type 1! Jet 1
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Primary algorithm at LHC:
- Anti-k_:

.
-~ SISCone (“real” cone algo)
= Cambridge/Aachen
used in jet substructure, for
example in boosted top

General interest to
work with all four!

Only “real” cone
algorithm!

Fast kT, Cacciari/Salam, PLB641, 2006
SISCone, Salam/Soyez, JHEPO05, 2007
anti-kT, Cacciari et al., JHEP04, 2008

Klaus Rabbertz

SISC

Jet Algorithms at LHC

ne | SISCone, R=1,f=0.75 |

Gottingen, 27.02.2012

DI

| _Cam/Aachen,R=1_|

B

A

L
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R

Measured jet area distribution
k. algorithm with R = 0.6

Naively expect for cone algorithm
R=06—-A=mR?*=1.1

< | 1 1 1 1 1 | 1 | I 1 | 1 I 1 1 | _
2 -~ CMS Preljminary = Pro-Q20
3 10 === DW
< - =+ PO
£ A e [P cw ]
= —-= Pythia 8
° E — D6T 3
g - e Data
Q B .
> _1 | |
z 10 k., R=0.6
102k Cone, R=0.6 ’
10°F -
C \Vs=0.9TeV .
- track-jets .
10*E k, R=0.6 E
F Inl< 1.8, p,>0.3 GeV i 3
[ | | | | | | | 1 | | | | | | | 1 | | ; 1 !-i ] | n
0 1 2 3 4 S
jetarea A

CMS-PAS-QCD-10-005
Klaus Rabbertz

Jet Areas

Gottingen, 27.02.2012

@ Jet Areas can be measured!

@ More useful when not forced into
fixed shape (cone) but adaptable
to event activity

% Measure the underlying event (UE)

% Subtract additional energy in jets
due to pile-up collisions

+ Use to differentiate jets from
boosted heavy objects ?

jet pT per area

/

Pr.

ignore outliers

(leading jets) \

median
J € physical jets j

r

p_

/

event-wise measure
of UE activity

*(

N

correction for
empty events
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Underlying Event -
~ Traditional Approach

R. Field
High Pt Jet Production Outgoing Parton MPI, BBR, ISR and FSR
not uniquely differentiable
Initial-State PT(hard) q y
Radiation V" *xa, , .
Proton | ~ Proton
|
Underlying Event Underlying Event ] ]
- Leading jet . E—
ChgJet #1 Region
. Direction T ransverse”
'-_ Final-State Rezgion‘
Outgoing Parton % Radiation . ”
v Other “stuff
.yg sgs ¢ et
Measurement possibility: but the '
- Charged particle and stum hard scatter “Transverse” “Transverse” “Toward” Region
densities in transverse region of — —
leading jet of charged particles

“Transverse”

Region

“A‘vay”
- . 0 Region
Balancing jet
Klaus Rabbertz

-1 ’

+1
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Underlying Event -
Jet Areas

Ratio of MC to data, no MC works really well!

%

Conventional UE analysis, Jet Area UE analysis,
in the transverse plane. whole event analyzed.
Charged particle density Charged particle jets
2-5_| T T T | T T | T T | T T | 'I_I T | 1T I_ % 3.0_I LI | LI | LI I L I L I L | I_
o - —PYTHIA-6Z1 CMS \Ns=7TeV - % - CMS Preliminary 'Srotatl S?’Stl'J .
L 4 S B - yst. w/o Unfd.
8 - ""PYTHIA-8 4C ! g 55l \E Reoe. Pythia 6 Z1
— 2 B PYTHIA-6 D6T B -O.: | " Inl<1.8,p>03Gev ------ Pythia 6 Z2
@) . M syst. | = - T —— Pythia 6 D6T
=S - syst. + stat. i < S50 Pythia 84C 7
s 1.5y B § :
pd ‘ ] i j
o - 1.5 —
~ | - -
z* - S —— :
© - . '-'l?'.l'!.f.g.'_l__'__":"' N
@ 0.5 charged particles — : T - SR : , ------ ]
< " (p,>0.5GeV/c, | <2[60° < [agl < 120°) | ] os U et L.o--ad
- - leading track-jet P, > 3 GeV/c . i ]
02) — é —— 1|0| — ‘1 |5| — 2|0| — |2|5 — IS_O : | I | | Ll 1 1l | Ll 1 1l I L1 11 I L1 1 1l I L1 1 1l | | :
00 05 1.0 15 20 25 3.0
CMS, PAPER-QCD-10-021, JHEPQ9 2011 Nch P [GeV]
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Jet Areas and Pile-Up

R

Increasing luminosities also

bring additional proton-proton |
coII|S|Sns m?,asured within the ) EXPERIMENT
same event ! Run Number: 189280, Event Number: 1705325

Date: 2011-09-14 02:47:14 CEST

Jet areas are used in jet energy
calibration to subtract additional
energy from multiple collisions.

a\Z
R

Rl

|
&

ATLAS dimuon event with
11 reconstructed primary ——»
vertices

LY
7

P N
LA
ATLAS, CERN Courier Nov. 2011 £V | AL SUNRN NN
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@ Experimental Uncertainties
(~ in order of importance):

+ Jet Energy Scale (JES)

-~ Noise Treatment
- Pile-Up Treatment
% Luminosity

+ Jet Energy Resolution (JER)
% Trigger Efficiencies

% Resolution in Rapidity

% Resolution in Azimuth

% Non-Collision Background

e oo o

Jet Analysis Uncertainties

@ Theoretical Uncertainties:

s

PDF Uncertainty

pPQCD (Scale) Dependence
Non-perturbative Corrections
PDF Parameterization
NLO-NLL matching schemes
Electroweak Corrections

Knowledge of a (M,)

There is a lot to learn here from
Comparison to actual measurements!

Klaus Rabbertz Gottingen, 27.02.2012
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Fractional uncertainty (%)

Jet Energy Scale

Dominant uncertainty for measurements of jet cross sections!
Enormous progress at Tevatron, and at LHC in just two years.

QCD at hadron colliders is becoming precision physics!

DO from 0.7/fb (2011)

e T U | ]
a5f () D@, 0.70fb" E
“E Reone = 0.7, njet=0.0 E
3.05— — Total - .= Showering E
2.5F ---Response - Offset 3
2.05
158
1.0
0.5 o LTI T T e 3
00— w1 NI REETTr s NI
50 60 100 200 300 400
corrected jet P, (GeV)
—
=
o
D
a
<

ATLAS, EPJC 71 2011; arXiv:1112.6297
CMS, JME-10-003; JME-10-010; JINST 6 2011
DO, arXiv:1110.3771; DO prel. 2006

Klaus Rabbertz

CMS from 36/pb (2010)

CMS, L = 36 pb’ \s =7TeV
ETotal uncertailnty ]
—MPF method
——Photon scale
- Extrapolation
- Offset (2010)
—Residuals
—=-Jet flavor

—
o

Est. Range of JEC uncertainty (%)

Anti-k, R=0.5 PF

S O N W & 00 O < 0
TT T T T TR

p. (GeV)

Gottingen, 27.02.2012

Development of JEC precision

_I—I'I'I'ITI'II_I—I'I'I'H'I'I'I_I—I'I'HTI'I'I |||||I'I'I'| ||||I'ITI'| T ||||I'I'1_I'I'I'I'I1TI'|_
15 |- KR Preliminary 7
—— ATLAS, [n| <0.8, p, > 20 GeV |
—— CMS, |n| <2, p;>30 GeV
— DO, |n|=0, p; > 50 GeV
10 —— CDF, 0.2 < |n| < 0.6, p; > 20 GeV
5 I { ‘ -
0 L |||||||I 1 |||||||I 1 |||||||l 1 Illlull 1 Illu.ul 1 IIII||‘ 1 |||||||I
-6 -5 -4 -3 -2 -1
10 10 10 10 10 10 1 10
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All Inclusive

O II DD

CMS Experiment at LHC, CERN "
Data recorded: Tue May 25 06:24:04 2010
Run/Event: 136100 / 103078800
Lumi section: 348

Everything counts ...
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Inclusive Jets

Klaus Rabbertz
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pQCD

® non-perturbative
corrections

ATLAS, arXiv:1112.6297
CMS, PRL107 (2011)
DO, arXiv:1110.3771

Gottingen, 27.02.2012

d?o

dprdy

anti-kT, R=0.5
CMS L =34 pb™

X Q

=7 TeV

. |y|<0.5 (x3125)
o 0.5<|y|<1 (x625
= 1<]y|<1.5 (x125)
o 1.5<]y|<2 (x25)
A

< 8
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o] 6
o 10
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g 1
3
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10" £ Anti-k, R=0.5 | \ |
20 30 100 200 1000
p, (GeV)
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Jets Data / Theory
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'§. » -, e CMS, R=0.5,y|<0.5 | - ‘ "
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@ Comparison of jet data from S e 2
SR e o3 L 1PP
1 B ° =M= ﬁ <1 [E
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@ Compatible with NLO pQCD fastNLO, to be uploaded, arXiv:1109:1310v2, 2012
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@ More jet data to come from LHC at
very high p_

@ Interesting comparisons to PDFs
and extractions of as to be made

@ But need to think about

2

% Electroweak corrections X OéOéS

— effects up O(10%) ?

% top as 6th flavour
(NLOJet++ uses only 5)

% Validity of evolution equations,
could be modified by new
physics

NLOJet++
Z.Nagy,
PRD68 2003
PRL88 2002

[nb / GeV]

do / dp;

Corrections at high pT ?

Klaus Rabbertz Gottingen, 27.02.2012

Sum
QCD ~ o?
QCD-Electroweak ~ oo

Electroweak ~ o

LHC 14 TeV

— QCD qq—qq, g9—4dgq, -..
—— QCD gg—qg .
= ()CD-Electroweak

- Electroweak

1 ! ﬂ
500 1000 1500 2000
pr [GeV]

A. Scharf, arXiv:0910.0223
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ﬂ PDFs and matched Showers

R

DO

Agreement with QCD using diverse PDFs Agreement between NLO POHEG vs. NLOJet++
Use to improve PDFs (high x gluon) POWHEG + matched parton showers ...

not a success story yet

j L dt=37 pb’’

\s=7 TeV

anti-k, jets, R=0.6
Data with
statistical error
Systematic

uncertainties

NLOJET++
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Non-pert. corr.
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A (CT10, u=p$°m) ®
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o [ |
:’:':':'6;.'0?0?0?& = .!é'\‘ Systematic
1 B R ystemai
B, e i :._-::;f:’:‘_t:’A4:&‘3.-‘520“’:4;4_;5:;:} uncertainties
—pmax
0.5 . . NLOJET++ (u_pT ) X
= f ' 4 Non-pert. corr.
1.5 ]
W ol
?:515:519990909;' """ o% %% "—':"‘V:v B % CT1O
1 g S Sy s
o L el
| 4 | — msTw 2008
0.5_ ; . }
1.5 ]
—— 1 |- - NNPDF 2.1
L S e !
L R e e 7
I 1 |:.::. HERAPDF 1.5 I (2<l<2
0.5 1.2<y| < 2.1 — 0.5 el A
2
2 2 20 30 10
20 30 10° 2x10

©

— —
N
o
=

Klaus Rabbertz Gottingen, 27.02.2012

2x10°

: Non-pert. corr.
10°
p, [GeV]

POWHEG, S. Alioli et al., JHEP 1104 (2011)
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Just the two of us

y

ENT

r

X

N VA
A EXPERIM
167607, Event Numbe

uuuuuuuuu 2
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Dijet Mass

=1 15
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Dijet Mass ATLAS

do ~ o2 New choice for binning in rapidity by ATLAS = pTeO'3’9*
dM j;dy* / Also new choice for scale setting —>

1 + | cos ©F|

1 1
Y= §|y1 —Yo| = 2 In Attention: Figure somewhat misleading ...

— * - -
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0.7— —#*— Data CMS

-~ [ QCD prediction \s =7 TeV

| — Al rr=7TeV(NLO) L=22 fb!

B M; > 3.0 TeV (+0.5)
0.6—— 1

2.4 <Mj; <3.0TeV (+0.4)

0'4_ 1.9 <M <2.4TeV (+0.3)
B 1.5 <M; <1.9TeV (+0.25)
—.— a a ° ° ' & ———
0'3__ 1.2 iMﬂ- < 1.5 TeV (+0.2)
- —— g —w» & *+——g—® -
;'_ 1.0 <M; <1.2TeV (+0.15)
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- —,—y g0 *——& &
;__ X g.s :Mﬂ <0.8TeV (+0.05)
01—~ = ) 0.4 <M, <0.6 TeV
. ;< 0.
e A o=
i | | | | | | | | | | | L1 | | | | | L1
2 4 6 8 10 12 14
: X,
CMS, arXiv:1202.5535, 2012 dijet

Klaus Rabbertz

Dijet Angular

16

1 + | cos ©F|
1 — | cos ©F]

~ flat
for QCD

X = exp(2y”) = exp(|ly1 — y2|) =

Agreement with predictions of QCD —
Set lower limits on contact interaction scale A

\

NLO CMS
\'s =7 TeV
AF :
NEW: HURR =H L=22fb"
NLO means CI ALURR i i ndetod
corrections to LO B Expected +1o
QCD at NLO A Lre i Expected +26
. m Ay :
Decreases limits! LL/RR i
AVvina i
Gao et al., PRL106, 2011 _ ] ]
Ayviaa - E )
Ay i
5 10 15 20

A [TeV] lower limit
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Dijets separated in Rapidity @

& >

Quantities sensitive to potential deviations from DGLAP evolution at small x
Some MC event generators run into problems ... but also BFKL inspired ones!

Most forward-backward dijet selection All possible dijet pair distances over

Data 2010 leading dijet pair distance

E ATLAS HEJ (parton level)
[0 Forward/backward selection ==== POWHEG + PYTHIA T}é2-4_""I""I""I""I""\""|""|""""_
=) Q, = 20 GeV =+=+ POWHEG + HERWIG & - —a— data ]
= E | [ total systematic uncertainty B
- S 2.2] PYTHIAG Z2 |
3 E - PYTHIA6 72, no MPI i
- © T =m--- PYTHIA6 D6T -
= 2 —— HERWIG6 + JIMMY r+-a_ |
. R HERWIG++ 2.3 I ]
I....i L I—I— I i
e e e BT - 1.8 HEJ or CASCADE e 7
210 < P <24oaev-m b RbL PR LL “(not shown here) Jr ! :
0.5 " , , , , ] 1.61do not describe "4~ B R
e ; _these data eithe J"'""' i i 1) b
1 M T T B LT T = |_._=__. I :-I |-:.- L -.E "r_F g2 A l __
N PP P ; 1.4 jmend” it i ! .
05— 180 <P <210GevV T | e e g o n-...!..-.-
: = 1 2__ CMS Preliminary i
- - \s = 7TeV,ILdt _ 5pb’ i
- gL 1- 35GeV, |y| < 4.7 -
0'5_150_'3.1-{18066\{ ) II-I.I. .: ---- : B _II 1 I| L1 1 I| L1 11 | L1 11 | IE:)-II—I>‘I L 11 |I I|}I;|I<|I 111 |I L1 1 |_
0 ] 5 3 4 5 6 O 1 2 3 4 5 6 7 8 9
ATLAS, JHEP09, 2011 Ay CMS, PAS-FWD-10-014,2011 Ay
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3-Jet Mass

+ Sensitive to a_beyond 2—2 14 E

| ® Data/Theory (MSTW2008)
1.2 SRR Range of y,; variations
process 1 F ] PDF uncertainty 68%CL
> 08 | == CT10/MSTW2008
% Known at NLO (NLOJet++) 3 o6 ¢ :
ﬁ 0.4 . Mr=uf=(PT1+PT2+IOT3)/3
% Sensitive to PDFs g 14 F S
O 12 f |
% Involves additional “scale” :
pT’3 8:2 29§ I I |
04 F Ivl<24 pT3>4O|GeV AE lyl<24 pT3>7O|GeV AF
5 1 L | i | 1 ] 1 [ 1 aC :
10 3 D@ o |y <24 (x4)|E ® p,>40GeV (x4)|6 08 1.012 04 0506 08 1.012 04\0506 08 1.012
< 10 4L my<1.6 C O pg;>70GeV (x2) M. (TeV) |
) B A |y|<0.8 : 9 Prg> 100 GeV et
£ 408k L
@ 2§ prs > 40 GeV |F ly| <2.4
5 O F x w Most PDFs work ok, CT10 is off
s 0k o \DO investigated 3 different
s 1 F
F U o eeren  NLOPQACD lower pT thresholds p. ,and
© E plus non-perturbative corrections 3 max. rap.
w0 B T e e EnPepeglS P-¥ dogjer 3
04 0506 08 1012 15 04 0506 08 1012 15 dM X as
DO, PLB704 (2011)| M3er (TEV) My, (TeV) 3jet
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3-Jets and a

DI

ATLAS, CMS and DO look into Up to now scenarios for MC comparison.
3-Jet Rates: Not optimzed for a_ determination, e.g.

0(3 ets . .
(3+)7 x g CMS like selection LO > 1 ?!, K factors ~ 0.67
O (24)jets News for Moriond/DIS or Summer Confs?
c(},) _| 1 AN L L [ L B L B N B B ] % 1_5 | — I I I l I I I I I
T cms Ly=36 pb” - 2
i \Vs=7 TeV anti-K; R=0.5 ) =~
- — Il—
O 8 __ ‘ - e = o " | E 1.25 -
i Seves — o
I ] o
0.6 ] 1=
o . [ |
0.4 I ______ gﬁ::ﬁs tune EZT _ . _-'F 3-Jet Cross Section Ratio |
: T e e 1 . fastNLO/NLOJet++ NLO
‘ — + — MADGRAPH + PYTHIAG tune D6T 7 0.75 5 - E.n =7 TeV N
‘ ———— ALPGEN + PYTHIA6 tune D6T - - Anti-k;, R=0.5
0.2 et Unaora ] ’ - CT10 APDF -
! ] - B Lo
N 05 E Bl NLO _
O 1 1 | I 1 | 1 1 | 1 | | 1 | | 1 | | I | | 1 | | B
0.5 1 1.5 2 2.5 —l
HT (TeV) 1000 2000
CMS, PLB702 (2011) H,/GeV
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Bethke “Very Preliminary 2011”:

0.2

0.1

0.14
= 0.12
S 0.1

DO, PRD80, 2009

}

+0.0041

(DD combined fit) |

L
Os
>—
HI1-
>

i E-
>
e o

10 10°
pr (GeV)

Klaus Rabbertz

Strong Coupling a_

as(Myo) = 0.1183 £+ 0.0010 .

Process Q [GeV] as(Myo) excl. mean ag(Myo) | std. dev.
r-decays 1.78 | 0.1197 £0.0016 || 0.11809 + 0.00109 0.8
DIS [F3] 2-170 | 0.1142 £0.0023 || 0.11866 =+ 0.00132 1.7
DIS [e-p — jets] G-100 | 0.1198 £0.0032 || 0.11827 + 0.00097 0.5
Lattice QCD 7.5 | 0.1183 £0.0008 || 0.11838 =+ 0.00164 0.0
T decays 9.46 0.11970068 0.11832 + 0.00094 0.1
o(pr) from inclusive jet cross section | | e*e™ [jets & shps] 14 - 44 | 0.1172 +£0.0051 || 0.11835 = 0.00094 0.2
in hadron-induced processes | | ot 50 - 145 | 0.1161 £ 0.0045 || 0.11831 £ 0.00007 0.5
Z S;US /e*e lew prec. data] 91.2 0.1193 £ 0.0028 0.11829 £ 0.00095 0.3
e DO ete™ [jets & shps] 91 - 208 | 0.1208 4+ 0.0038 0.11826 + 0.00099 0.7

Bethke et al., arXiv:1110:0016, 2011

NLO alpha_s in global PDFs:

ABM11: 0.1180
CT10: 0.1180
GJRO08: 0.1178
HERAPDF1.5: 0.1176
MSTW2008: 0.1200
NNPDF2.1:  0.1190

Gottingen, 27.02.2012

There should be more
to come from LHC!
At the TeV Scale.
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\S! Isolated Prompt Photons 4)

QCD Compton
q AVAVAVAVANY

g T =

jet
Annihilation
q AVAVAVAVA 'Y
q OO0 —=r=

§ jet
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ﬂ Signal Process Fractions

Tevatron

LHC 14 TeV

Background:
Non-prompt
Photons from
Decays, e.qg.
™, N

subprocess fraction

subprocess fraction

R

Inclusive

Tevatron, pp — v, +X @\'s=1.96 TeV, y=0 (R, =04, E<2GeV)

isol

Comgion: ¢ o — i ¢

Annhiiation=2qig =g

30 40 50

200 300
E; (GeV)

(R, =04 E™<4GeV)

10 20 100

Coraions: ¢ o — 4 ¢

jjationFqigr="2429

20 30 40 100 200 300

S

2

Isolated

Tevatron, pp — v, _+X @\/s=1.96 TeV, y=0 (R, =0.4,E™<2GeV)

isol

Corgiorz o o — o g

c

)

°

E

(2]

(2]

)]

(3}

o

2 Annihilation=qiq=>72q
@

LN LISE R0
%90 20 30 4050 100 200 300
Er (GeV)
LHC, pp > v_ +X @\'s=14 TeV, y=0 (R, =04, E™ <4 GeV)

c

2

& GOl ion ) of — i ¢

P

(7]

[}

o

e

[«

Ke]

=

(7]

Annihiationaqigr=2g

Fragmenizion ‘

1000
E; (GeV)

20 30 40 100 200 300



Isolated Prompt Photons

- Sensitive to the gluon density in the proton. set el R RO 2t02

- In agreement with NLO (JetPhox) from

~25 up to 400 GeV, |n| < 2.5 S0 o X +4- Data 2010JLdt—35 o' 3
. ugn . . . . [0} & = p 3
- Limiting factor: Scale uncertainties in theory S Ly ]
2 10% ¥ + Data 2o1oj Ldt = 0.88 pb
— F ¥ 3
' ' L ' ' = LT JETPHOX NLO (w.o. scale unc.) -
10° | CMS Vs=7TeV Prpoy+X . 5 102k S E*°(AR=0.4)<4GeV -
7 |- L,,=36pb", E®°<5Gev — JETPHOX - = : . ;
10°F ! —o-21<In|<25(X10° | 3 10k — MW creqes
—e— 157 <[n| <21 (X109 - B msTw 2008
S . —A— 0.9 <] <1.44 (X107 L *_._ W NNPDF20 ]
() — E E
0] 10 & [n| <0.9 - g
K _| —
o) ] 107F n|<0.6 E
= i = ATLAS )
_g 10 — 102 \fsl=7TeV | | N
[ 1 — > 15 T T T T T 1
L_Ié — ]_ SIS 1?‘“M=o=o_ . *
< . . <[°
© -2 —— 0.5 +—+——————+——————————————+——1 f } i
%5 10° - > 1D
| | | Sl 1 M&o—o——o— .
" NLO pQCD JETPHOX = £I° 5 !
- CT10/BFG Il u_=u=y_=Ey = %‘91'5”'IHHIHHIHHII” ' l ' '
10° | MPIand hadronization corrected _.—QT:—_ ol 1%4#9=¢+—Q——o—=0— )
1 1 1 1 1 1 1 I 1 1 ~ 05 1 L 1 | 1 | 1 1
50 100 150 200 250 300 350 400
30 40 50 107 2x10° £ [GeV]
CMS, PRD84, 2011 E. [GeV] ATLAS, PLB706, 2011:ATL-PHYS-PUB-2011-013
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Kinematic plane including photon data

NNPDF2.1 dataset + Isolated-photon world data |

Photons and PDFs

10° -
1 Dl S S T s %
— — m Deep Inelastic Scattering
< 104
% = Drell-Yan (FT), W, Z (Tevatron)
o - o .
— | m Inclusive jets (Tevatron) -
N - 3 - 3 v ]
210 — @ Isolated photons (\s=2.76,7 TeV) .
— — i
N — _ : []
= — V¥ Isolated photons (('s=1.8,1.96) 3 =
~ [ i o
“c‘, 102 - A Isolated photons ('s=200-630 GeV) .E | i
- ‘ ‘ ‘ iriiiiiihames
. T ol B -
- | | SRR EE A I
1] s e— s B SHIERmEr e |||
B : : --;-“‘\'livlll l-:l.
- el L GREE
1 | \HHH‘ | \HHH‘ | \HHH‘ | \H\H‘ | HHH‘ | \HHH‘ [

10" 10°® 10° 10 . 10° 102 10"
d'Enterria, Rojo, arXiv:1202.1762

1

- Were abandoned for PDF fits due to
discrepancies with fixed target experiments
atE___of 20 — 40 GeV

- new investgation without inclusive data and
AtE_ > 200 GeV

- Moderate reduction in uncertainty of the gluon
density at x around 0.02 by ~ 20%

'LHC 7 TeV isolated-y data |

1.15

o
©
A

Ratio of Gluon PDFs
o
‘ [T 1 lb [T ‘ [

Q% = 100 GeV?

0.002 0.01 0.0 01 0.2
X

0.85

Klaus Rabbertz Géttingen, 27.02.2012 DPG Friihjahrstagung 2012 31



Di-Photons

q9 —> VY

g8 VY

© www.freefoto.com

plus ISR, FSR & fragmentation photons
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Di-Photons: Mass

- Irreducible background to Higgs — yy
- In agreement with NLO in p_, and

mass spectra above ~50 GeV up to 400 GeV

CMS \s=7TeV,L=36pb’
| <2.5, Ey, > 20, 23 GeV
10 T 1T l TTTT I FTTT ] rTTT TTTT TTTT [ TTTT | TTTT I TTTT | TTT IE ; - A ‘ T | CrT | rrT | T ‘ FrT -
= Data . () - — Theory DIPHOX + GAMMA2MC-
7 = —o— Measured .
EZ’;‘S: SJFEQGM ] Q 3 == Stat. uncertainties
AR 8_ 1k = —}— Stat. ® syst. uncertainties |
"""" _ . = = ----- Theoretical scale uncertainties J
v PYTHIA vy 3 - - PDF + a, uncertainties .
oS L PYTHIA vy 3 B ]
= i g [ ]
2 - S i
3 - _8 L=
5 . 10 E
2 § :
= a 7 S i
2 e N N o
O = 7]
= - — = 5
1 s I 10°E = ==
10% ¢— —+—; 3 = ]
10'5-|H||||||\|||||||||||l|||\|\ILJ JLJ LA L] I.J Ll LJLILI I
50 100 150 200 250 300\350 400 450 500 i '50 ' |1(|)Cl)l |1||5CI)I lflg(|)(l]l '250 ‘C‘%OO
vy Mass (Gercz) 0
CDF, PRL107, 2011; PRD84, 2011 CMS, JHEPO1, 2012 mW (GeV)
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Di-Photons

R

- Azimuthal difference not well described,
somewhat better by RESBOS than DIPHOX

‘T'_| T T T T | T T T T | T T T T | T T T | T T T T | T T T T | T T T T
? "~ Data 2010,\/s=7 TeV, f Ldt=37 pb”' B
= | P16 Gev, X7 < 4 GeV, AR">0.4 ) -*— |
A I I L QE:: 102 — In'|<2-37 excluding 1.37<[r|<1.52 % —
= St ] 3 = -+ measured (stat) 3
| — a | = — —
B C D F DIPHOX CTEGEM L C <+ measured (stat @ syst) /_i% 7
2 sty = M2 i, [ s DIPHOX A ’
1 02 ------ RESBOS CTEQ6EM - ~22 ResBos 1 o
- -« PYTHIA vy . Y
- f = . S5 )
£ o - :
a2 10F Sl ——+— < ;
- ot . ~
S . ] S \ ATLAS .
T B B o . %\%%%'IIII
5 i R 1 o 2 . . . . . -
h Pl S S e ! —4—_, DIPHOX:
1 = ‘."+ _+_ _+ ?‘.+. _+_#__ r+_'*|: : E ﬁ c-;&\\\\\\\\\\\k\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\m_\;\_ —i
— + el T --'--r- . — -2 E 3
I - e I | O 2 ' E
e = e | ResBos
-1 . ; 3 g E
10 ;i I LE i BRI ANETAE NI IR R AR A ‘T: E&, 0?‘7// Yz 222222 W/_*W—“"_’.’_ =
0 0.5 1 1.5 2 2.5 3 8 E 3
Ao (rad) 2 0.5 1 15 2 25 3
. A d
CDF, PRL107, 2011; PRD84, 2011 ATLAS, arXiv:1107.0581 b, Irad]
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Weak Bosons: Not alone

© www.freefoto.com

eefFoto.cem
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W/Z + Inclusive Jet Multiplity @

',(/ > 7

DO

In general agreement between data and
theory @ NLO up to 4 jets

10¢ E- W(= ev)+ets, DI, 4.2 fo™*

o
= )
o 10° oUes
E 2
A0 o el 4
% fmes = 10 E | T | E
2 10 == - Wl +jets .
o fuea = py C < Data 2010,Vs=7 TeV ]
= 1 jet = i) L ¥ ALPGEN i
o) Rcone=0-5! pT >20 GEV, Iy t|<3'2 ﬁ L] 3 Qo A SHERPA
10" & pes15 GeV, I I<1.1, M¥>40 GeV, p. >20 GeV = 5 10°E £ PYTHIA =
S S S ’.PT , 3 = = —— BLACKHAT-SHERPA 3
o == T T T T T = X C , n
s 1.8F - R ATLAS -
T 16F 3 i - .
= JE N \ = é 10% — =
3 1.4 £ R = = © - T =
D = N R 2 - C 7
£ 12f B \ N = - -
°© E H 3 %\ | S 041 | | 1 T _[Ldt—se pb’! o — ]
= 0 . Wl + jets B - A
0.8 = % : \ §\ ' =5 < | < Data 2010,Vs=7 TeV JLdt_% pb 1 10g anti-k; jets, R=0.4 G =
- b = I ' ¥ ALPGEN E jet jet P N—
0.6 - X 1 & - eenen ATLAS _ - p>30 GeV, |y©|<4.4 * =
0.4 = 4 03 < pytHA B L -
T 0.25 — I I I I I — + " [ BLACKHAT-SHERPA 7 1L T
€k 0 18 | N E
b o02fF 3 ° - —— 17 §
I - 1 & 02 A — + | i
T o045 r#t ! . 3% | | e " f $ .
C I}IE i § I _ = L o " i B N A J i
01F L 4 A N i L 4
T e DZ, 4.2 1 & oFE—% anti-kpjets, R=0.4  — [ , , , ]
0.05 & © Rocket+MCFM LO = Rocket\MCFMNLO 3 = -4 p'>30 GeV, |y®'<4.4 1 20 21 22 23 24
C Blackhat+Sherpa LO » Blackhat+Sherpa NLO J © L | L | ] ) Lo
- 0 ] 5 3 4 = >1/20 >2/21 >3/22 >4/23 Inclusive Jet Multiplicity, N
Inclusive n-jet multiplicit i inlici - :
DO, PLB705, 2011 | plicity Inclusive Jet Multiplicity Ratio ATLAS, arXiv:1201.1276, 2012
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Events /0.1

W bosons with high p_> 50 GeV
(f-f.)" =0.240 £ 0.036 + 0.031

W Polarization

20

Dominance of left-handed W not evident at

large p_ (W)

(f -f.)* = 0.310 £ 0.036 £ 0.017
Lo — pr(l) - pr(W)
T - 2
450 ey (W) o
400 & :L CMS,\s=7TeV =
E " L, =36pb’ . 500
3 ;fcgcn - E
300 - EWK e = 400
- —fit result = =
250 - e data E ‘E‘ 300
20 1 : ‘q:‘,
so ST E @ 200
100 — ....... — 100
50 I e -
o bz o P I A ™ Y 0
0 02 04 06 08 1 1.2
CMS, PRL107, 2011 L.(e)

Klaus Rabbertz

Gottingen, 27.02.2012

Consequence of left-handed charged weak-
interactions, pp initial state and QCD

Berger et al., PRD80, 2009;
Bern et al., PRD84, 2011

B T | T T T | T T T T T T | T T T | T T T | T
C T CMS, \s = 7 TeV
o EWK L ’365 b -
| —fit result ® data int = 20 P

- IJ+

T

E_é_;. ............
e e g
C . T T L | -
o ©02 04 06 08 1 1.2
L)
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Event Shapes

Definition:
Transverse global thrust

Similar as Event Shapes in > AP nir|
e*e- and ep T 4= max =
= In praxis, need to restrict rapidity nr Z
range: || < n,,,, -
Transverse central thrust -

= |Less sensitive to JES & JER
uncertainty

* No luminosity uncertainty linear ~ dijet spherical ~ multijet
= Useful for MC tuning

-~ Comparison to perturbative QCD T—>0 T =2/
& resummation possible

Redefinetoget 7. 4 =1—7171 4 —0 inLO dijet case
See e.g. A. Banfi, G. Zanderighi et al., JHEP06, 2010
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Transverse Thrust

R

CMS early comparison CDF uncorrected data
to MC event generators vs. MC simulation
_ > |PLi - i
7. c =1 —max
? —
nr Zz Pl
0.25j I A B A B B R B B O R
E n < 13: § Leading Jet E; = 200 GeV
0.20 — — Pythia6 ] = NLO+NLL
i Pvthia8 : Ty Tune A Hadron
B ythiz : 10 F Ny Tune A + CDF Sim.
<i| oo Herwig++ 1 0 = L
0.15— MadGraph+Pythia6 — g
= IR Alpgen+Pythia6 ‘ i o] & s
Q - > | i TIT 1 L=
prd ~* Data | i —lo =
O 0.10— = -
—Z i b L4
- ' i 107 |
0.05—  wesmaseans | — -
- cMs - - N <3.5
NN BN AN A |\|§=7TeV,L=3.2ptT'1 %m?: 102 v vy
0.00 S 0 0.1 0.2 0.3
In . T
CMS, PLB699, 2011 iE CDF, PRD83, 2011
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“Thrust Differential D”

Define less sensitive difference D
Not sure this is the end of the story,
can ask Giulia ...

D (1), (Tmin) = Ymc (@ (Tinin) — B(T)))

CDF: Strong impact of UE
Pythia Parton means “without UE”

0.04
0.14 — snrefunm NL().-FNLL 0.038 :_ . NLO+NLL
- vl Pythia Parton -
0.12 - =X Tune A Parton 0.036 — wiseds Tune A Hadron
R, w=s Tune A Hadron - .
0L NG 0.034 ¢ Y Data (Unfolded)
. 0.032 [
0.08 — -
A - O 0.03[
V' 0.06 = 0.028 [
0.04 :_ 0.026 :—
- 0.024
0.02 -
- 0.022
L L | ' ' | ' L ' | ' L L | ' L | ' 0 02 - 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
100 150 200 250 300 ' 100 150 200 250 300
Elead. jet (GeV) lead. jet
' Er™ 7 (GeV)  cpF, PRDS3, 2011
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Jet Substructure

Jet shape (left) and jet mass (right) sensitive to differences in
quark and gluon initiated jets

Can help also in differentiating boosted jets of heavy objects
like Z'ort'...

Anti-kT at Tevatron!
\ CDFRun|l, L_ =6 fb”

0.3 T T T T | T T T T | T T T T | T T T T T T T T T T T T — \ - -
- - 0.007
- anti-k, jets R =0.6 ] - O.DOBE --Midpoint
025 | 1yl<28 | patafLdt=07nb"-3pb" | ‘o 99" 000a + = Anti-k;
ook — PYTHIA-Perugia2010 1 2 ooosd. \ Gluon T
o Jr ---------------- Perugia2010 (di-jet) 1 9 = 0,002 ﬁ
! o150 gluon-initiated jets ] — 0.004: I %‘
= 0151 Ty . 1 o <AL, %4000 000 ce
5: : _+_¢ Perugia2010 (di-jet) - ZQ_E 0.003F\ 0400 150 300 z"s%
— 01 - quark-initiated jets 1 B | - —e— Data, Midpoint, R = 0.7
- - T e : ‘_|Z'§ 0002 NIt N\ e QcCD, Pythia 6.216
0.05 |- S S S -
- ATLAS T - 0.0011~
0_ I R T W A NN TN N ST A T S S W R TR SRS R SR T 0:|||||||||‘||\r’-\||\||‘|l:i:||| ek
0 100 200 300 400 500 600 80 100 120 140 _1tE§|0 180 zog 220 240 260 280
e
ATLAS, PRD83, 2011 P, (GeV) CDF, arXiv:1106.5952, 2011 m™" [GeVic’]
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Mass matters ...

)

@ More than 99% of the visible
(ordinary) mass in the
universe is made of protons
and neutrons

@ About 95% of a proton's
mass is coming from the
strong interaction QCD

@ The quark masses provided
presumably by the Higgs
Mechanism are almost
negligible in this context ...

Light Quark Mass:
~5 MeV

Proton Mass:
~1000 MeV

HERA-Proton, DESY
Klaus Rabbertz Gottingen, 27.02.2012 DPG Fruhjahrstagung 2012
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Nucleon Mass ... Calculated @

I

Calculated from first
principles in lattice

4 _s_ (| 9auge theory of QCD
1500- Pl

: @ : 2 Input: Three particle
— j A masses representative
> j _.__/’\_ _T_ for the light quark
% 1000 - N masses
= : =='olins
=

) P, N — I
500 - @ e>.<per|ment
= ——= width
i o input
: ¢ QCD
0

S. Durr et al., Science 322 no. 5905, 21. Nov. 2008
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Outlook

QCD at hadron colliders is becoming PRECISION PHYSICS

Interplay between strong and electroweak interactions are important at
the TeV scale

Data quantity and quality at the LHC open up new regimes in phase
space and precision to be exploited

Many “established facts” need to be carefully checked to avoid missing
something NEW

Fresh results to be expected for Moriond/DIS and the Summer
Conferences. Stay tuned!
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Disclaimer

DI

@ The presented topics results from a personal selection | had to make

@ Concentrated on LHC and Tevatron; for HERA & The Proton 551" €08, FVsiK

@ Numerous interesting topics did not fit in any more :-(, i.a.

+ Jet production with heavy flavours
+ Particle production
+ Minimum bias & diffractive measurements
+ Hadr. interaction at highest energies SR R
+ Heavy ion measurements
@ But more than 99% of the talks are still to come ! Have fun!
Vielen Dank an Sie fur lhre Aufmerksamkeit und
an die Organisatoren fur die Einladung
zu diesem Vortrag!
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\ War das alles?

(e LK
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Jet Algorithms 2

@ Jet Algorithm Desiderata (Theory): 2 1
+ Infrared safety ; § E i 3 ;
+ Collinear safety
+ Longitudinal boost invariance

(recombination scheme!)

IR unsafe: Sensitive to the
addition of soft particles

+ Boundary stability
(— 4-vector addition, rapidity y)

+ Order independence 0

(parton, particle, detector) . W,
+ Ease of implementation N

(standardized public code?) \1 f"

Y

See also: o
“Snowmass Accord”, FNAL-C-90-249-E Coll. unsafe: Sensitive to the
Tevatron Run Il Jet Physics, hep-ex/0005012 " '
Les Houches 2007 Tools and Jets Summary , arXiv:0803.0678 splitting of a 4-vector (Seeds.)
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Jet Algorithms 3

I

: : : | Az
@ Jet Algorithm Desiderata (Experiment): dij = mm(kff,kff)R—;
+ Computational efficiency and predictability dip =k,
(use in trigger?, reconstruction times?) Agj = (g — y;)? + (¢ — ;)2
+ Maximal reconstruction efficiency p=1:kT
. . . . p = 0: Cambridge/Aachen
+ Minimal resolution smearing and angular = 1: anti-kT
biasing

Original kT implementation

L] L] L] - 2

+ Insensitivity to pile-up e A ™~ N |
(mult. collisions at high luminosity ...) [ 5 :

+ Ease of calibration
+ Detector independence D
<+ Fully specified

1072 }
(details?, code?) 2-3 or_ders of i
magnitude .y

+ [Ease of implementation o ~Fast kT implementation™ -

(standardized public code?) ot LT LGl NG, L, GOPOPS
) 100 1000 N 10000 100000
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Jet Area/Median Approach @

@ Jet Areas:
@ Jet area is determined with active area clustering

% See "The Catchment Area of Jets”, JHEP04(2008)005, M. Cacciari et al.
> pT infinitesimally small

@ A uniform grid of extremely soft “ghost particles” is clustered with the physical input particles

Number of ghosts in a jet determines its area physical jets

Requires a fast infrared & collinear safe jet algorithm Gevas'
Cambridge-Aachen, kT, anti-kT 1o

Empty regions are covered with ghost jets

+ & + &

[
S

Klaus Rabbertz

Gottingen, 27.02.2012

Nghosts Nghosts e
Ai=-1L = T A !
J ghosts Nghosts tot o S R 2 3 4
p tot 5 4 3 Y
Figure 4: Active area for the same event as in figure 3, once again clustered with the k; algorithm
and R = 1. Only the areas of the hard jets have been shaded — the pure ‘ghost’ jets are not shown.
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http://dx.doi.org/10.1088/1126-6708/2008/04/005

Jet Area/Median Approach

20

New Observable: 15.86'" percentile for &

median

p = median(pt/area) of all jets in an event 50! percentile for p _

Determination of leading objects (jets) inherent
Suited for different event topologies

Looks into complete region in n, ®

1/n dn/d(p/A)

Has never been used in tuning

€ @ ¥ ¥ ¢+ ¥ ¢+ @

Event and Track Selection identical to previous one, p-G/\fﬂj P Py/A
only differences: J

pT track > 0.3 GeV instead of 0.5 GeV
In| track < 2.3

¢

¢

¢

In| track-jet < 1.8
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Event Occupancy

R

@ Define event occupancy as sum of all jet areas in an event divided by
overall considered detector area (defined to be 4 * 21 = 8m).

% If occupancy is smaller than 0.5 % 101:_' L
most of the detector is covered = XgR06 Charged Particle Jets "7
with ghost jets % 102 - e —
— Median(pt/area) = 0 in this case % : o .

% Adjustment of p (discussed with authors) 103
IS necessary

Adjusted observable: 104

T, ]j

p'= median
J € physical jets

:ZJ.AJ.
A

—
Q
41
T

e e e = R I
02 04 06 08 10 12
tot occupancy C
Jet areas extending beyond |n|=2 may
give values > 1 with the definition above

Klaus Rabbertz Géttingen, 27.02.2012 DPG Friihjahrstagung 2012 53

C

takes into account only physical jets




UE - Event Scale Dependence

Conventional UE analysis, Jet Area UE analysis,
in the transverse plane. whole event analyzed.
Charged particle density Charged particle density
16__ | ‘ . \I'_\ [T T |__ 5' 2.0_| rrryrrrrprrrrrrrrorp o T
- CMS Ns=7TeV ] 3 L CMS Preliminary E
1.4 — = 1.8 - Vs =7 TeV 7
r ] A " charged particle jets ]
o o ¢ 16[ kR0 S
©l.c 1 S N 1.8 v et g e ]
ZV : Y I'E‘E'?'E’I"I"t'%'f'-i':r%'l : 14__ |n|< + I f iw.-|.-|.-|-|.t.-|.-|-|.-|.'il-“..=I."-*.-".“-"I._E
- - - R0 ety  SUEREREOP i .
s | 12F i :
< o - - R .
‘-a* 08: 1 1.0 Fwn-ﬁ ]
>3 - - Data 7 - E -
<08 —PYTHIA-6Z1 - 0.8f o] :
— 0.4 ---PYTHIA-8 4C - 0.6 I Total Syst.
" PYTHIA-6 D6T - S Pythia 6 71
0.2 charged particles - 0.4 | ------ Pythia 6 Z2
ol (p. > 0.5 GeV/c, In| < 2, 60° < [A9| < 120°) - - o | e Pythia 6 D6T
[ I T| ! ol L L1 0.2g5~=+ s Pythia 8 4C
OO 20 40 60 80 1 OO : L1 1 | | L1 1 | | L1 1 | | | I. | | LI‘IrIIfoIIdIECI|CIIataI L1
Leading track-jet P, [GeV/c] 0 5 10 15 20 25 30

leading jet p_ [GeV]
CMS, PAPER-QCD-10-021, JHEP09 2011 T
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&k <

Inclusive Jet Measurements

satistying the selection criteria

All jets 1n the event

d?o

dprdy

= Jet Efficiency
= FEvent Efficiency

N jlets

O‘u,'n.sm
e - LEApr - Ay -

/

Bins of corrected Jet Pt
and Jet Fapidjty

l

DI

Master Equation

Unsmearing correction
(due to the finite detector
Pt resolution)

Luminosity, common
uncertainty to all
measurements

Klaus Rabbertz

The JES dominates the
total uncertainty of the
measurement

Gottingen, 27.02.2012

K. Kousouris
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Inclusive Jets

2
d“o 5
X X .
~ 1 — dprd|y|
o (7) 99; -
= )
< I q,9; — jets |-
- (3) 99,99 — jets, x; > x, _
@) — jets
5 0.75 — Xt = 2p;/sqrt(s)
Q
= 0.05 0.1 0.2 0.4
g - . 1 | | | | | | | | | l
o 2 Inclusive jets: Tevatron Run Il ]
- | 9O 0.8 ]
o 05 = ly|<0.4
= Q9 - ]
_ | = 06 qq — Jets -
(1) gg - jets 3 ]
0.25 < 0.4 —
fastNLO g i i
Inclusive Jets "(:5 N
" Anti-k;, R=0.5 . c 02 [ :
LHCVs =7 TeV 0.0<|y|<0.5 T - gg — Jets
0 1 11 1 1 I| 1 1 1 11 1 II| 1 1 0 [ | | | | | | | | )
10 -2 10 -1 50 100 200 400
pr (GeV)

Xt
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Inclusive Jets with 2 Jet
Sizes

R IO

Comparison of measurement to QCD for various PDFs with two jet sizes

1.5 1.5

L dt=37 pb™

o :v:v:‘:;:' o aere . ey w‘:
= RS = ETeemt \s=7 TeV
o O y anti-k, jets, R=0.6
t = + L
=0.5 =0.5 .
2 o e Data with
=1.5 =15 statistical error
o o I
8 : [ b
e AT . — 0% SO e B 50070 1
1 PRI e <= ey L 0?:3:::‘." 'A'?;';"s‘?"'."v:v';""}:z;;! Systematic
et . = 1 e O T uncertainties
= ol

NLOJET++ (u:pfpa") X
Non-pert. corr.

0.5f

0.5F

B - CT10
7aN e VoV ViV OGO e AW v
10 o L o s 4 0%
Y S - ';J"\\ - Pa

— MSTW 2008

0.5F 0.8<|y|<1.2

1.5(- .

NNPDF 2.1

DI
V¥
R

DX P
KIRKS

HERAPDF 1.5

0.5F 1.2<y] <2.1

. ] 0.5F t2slyl<21 .
20 30 10> 2x10°

0° 20 30 102 2x10?
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DO Inclusive Jets - PDFs

IO

. ED@,070f" Rype=07  FNLOpQCD Mg=H =p; F °* Data | :
;! 1.5F —F +non-perturbative corrections + Systematic uncertainty 3
> F S I ;
L 1_0__¢—:C—D—.r'&ee££é£-!—!—!fff_"_°'_.::_r T ] E
E C T1 i ] ]
= 0.5F + + .
< [ lyl<04 T 0.4y <0.8 T 08|y|<1.2 ]
E\ 00'_ N I\ NNNNNN i N N \I N\ NNNNNNNNNES I\\\ NN\ N -
§ NLO scale uncertainty ———— NNPDFv2.1 with uncertainties
@ 1.0F : :
('DU B I ] ]
0.5p + T ]
5 OE 1.2\|y|\< 1.6 — T 1.6yl <\2.9 i} I %\O |yl <\2.4 PN _
50 100 200 300 50 100 200 300 50 4100 200 300
P (GeV) p; (GeV) P (GeV)
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DO Dijet Mass - PDFs

0:65— 1 f—\l'=196Tev

0.4F DO, L=0.71fb’ - R =07
0.2:_.|...1...|...|...|...|...|.:_. cone I I AT I
22 1.2<]y| <16 16<|y| <2o '

0.8

06_ ® Data/NLO ——— u ].L variation

g"z" [ Systematic Uncertainty | - - - MSTW2008 Uncertainty . .
02040608 1 1214 0204 06 08 1 1214 0204 06 08 1 1214

M, [TeV]
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T

d“c/dp_dn'(MC) / dc/dp_dn(data)

CMS, arXiv:1202.0704,2012

\®]

: . = _ -1
CMS, pp —>Jetfwd+ Jetcem+ XNs=7TeV,L =314 pb

. [® ] Data
— PYTHIA 6 (D6T)
— - PYTHIA 6 (Z2)
| sxmmammnmns PYTHIA 8 (Tune 1)
= == POWHEG (+PYTHIA 6)
= CASCADE

100
forward jet p, (GeV/c)
Goéttingen, 27.02.2012

Klaus Rabbertz

120 140

Correlated Central-Forward
Dijet Production

3k [ ® | Data |
e HERWIG 6 (+JIMMY)
— == HERWIG++
2'5_ mmInEn POWHEG (+HERW|G) |
........... HE)
ol i
L o R ——
— e
e =@=u @ ° ¢ % B
Inimimimim !_ ------------
0.5F 3.2<n| <47 i
40 60 80 100 120 140

: : — B p
CMS, pp—jet +jet +XNs=7TeV, L =3.14pb

forward jet p_ (GeVic)
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Data / Theory

® Data/Theory (MSTW2008)
--- CT10/MSTW2008

=== NNPDF2.1/MSTW2008
HERA1.0 / MSTW2008
— ABKMO09 / MSTW2008

M, =M= (Pry + Prp + Pr) / 3

04

C lyl<24  pry>40GeV ]
1 1 1 1 1 | |

ly|<2.4 pg;>70GeV
1 1 1 | 1 | |

- |y <24 p;>100 GeV
[ 1 ] ] ] | L 1 1

04 0506 08 1012 04 0506 08 1012 04 0506 08 1.012 —® MSTW2008

DO, PLB704 (2011)
Klaus Rabbertz

My, (TeV)
SR
©
(C
©
o 100
v
S
N, 50

Mo = \P11+P12tPT3) / 9

D0 3-Jet Mass — PDFs & a_

DI

.-+ A NNPDFv2.1
---¥ CT10

------- 01 HERAPDFv1.0

O ABKMO9NLO

__ __ __ ...... E‘:"¢’
i i -~ 0
N N - KW=i=2p,  (©)
| 1 | l | | | | I 1 1 | l | 1 | | | 1 | | | 1
0.11 0.12 0.11 0.12 0.11 0.12
ocS(MZ)
61
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Evolution of a

0.5

July 2009
Q) \ |
s & Deep Inelastic Scattering |
0.4 | oe ¢'¢ Annihilation |
o® Heavy Quarkonia
03+
0.2 +
0.1
=QCD o4(Mz) =0.1184 £0.0007
1 10 100

Q [GeV]

Bethke, EPJC64, 2009
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Isol. Photons Data/Theory @

92'5 — lIsolated-y production: JETPHOX 1.3
= | m LHC:pp\s=2767TeV NNPDF2.1
ﬁ - Y
~ 2 - = Tevatron: pp\s = 1.96 TeV Merre ~ Pr
8 4 = Tevatron: pp\s = 1.8 TeV L
g - SppS, Tevatron: pp\'s = 630 GeV
- SppS: pp\'s = 546 GeV s .
1.5 . RHIC: pp\s = 200 GeV :
- I
- .||| -, Ul “"‘ -1
1 B “hR . - F i |!l!!ll "w" ||t||u“ Nr e r
B It -ll im ""IW iy hlm
- M-.n‘i
0.5 q \
_ M
- |
0 | I I ‘ | N N ‘ | N N B ‘ | | [ I ‘
10° 102 10 1
Xt

d'Enterria, Rojo, arXiv:1202.1762
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o(Z + = n-jets)

o(Z + 2 n-jets)
6(Z +2=(n-1)-jets)

0.3

CMS
[ [ [
l_-_ 9 e 36 pb_1 at \||§ =7 TeV |
3 Z —ee E
- jet 3
- 3 EF'>30GeV ]
- e data P o ]
= energy scale - — i —_— N
- 7777 unfolding i
= = MadGraph Z2 ==
= === MadGraph D6T -
= = = Pythia Z2 _ ]
| | |
i | | | ]

CMS, JHEPO1, 2012
Klaus Rabbertz

3

4

inclusive jet multiplicity, n

o(W + > n-jets) o(2)
o(Z + = n-jets) o(W)

Gottingen, 27.02.2012

0.5

W/Z+ Inclusive Jet Multiplicity @

CMS
| | |
E;* > 30 GeV 36pb’ at s=7TeV
e channel
i ? 922, 2224 i
® data -
energy scale —
unfolding
— MadGraph Z2
= = Pythia Z2
| | |
1 2 3 4

inclusive jet multiplicity, n
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