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The Menu

A\

Motivation

Accelerators and Detectors

Jet Algorithms and Jet Calibration
Inclusive Jets

Dijet and 3-Jet Mass

The strong Coupling from Jets
Outlook

Will not cover or mention only briefly other very interesting subjects like
event shapes, V plus jet production, forward jets, dijets at large rapidity.
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ﬂ Jets ... so what?

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 ... so what?

Abundant production of jets — hadron colliders are “jet laboratories”
... and the strong coupling alpha_s!

Proton Structure
(PDF)

Klaus Rabbertz

(.QMS/ CMS Experiment at LHC LERN
o

o Daté fesgrded: Sun Juf 2F D8720:02 2010 CEST
- RaniBvent: 138760/ 114007131
- { Lumi‘sectiopnsS99

Proton Structure
(PDF)

Matrix Element Hadrons
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% The central Pixel resolved ...
S\

Final State Radiation

Initial State Radiation

S. Gieseke

Hadronization

PDF, Proton
structure

Not shown for simplicity: I
Beam Remnants

Multiple Interactions

FSR off the hard partons d

Klaus Rabbertz

Berlin, 21.02.2013

Decay
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Achievements

30 years ago ...
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L Detector dependent “Jets™;
+ LO Theory ,,,
10 Shape not so bad actually}t
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Fig. 6. Inclusive jet production cross section. The solid line
(ref. [6]) uses A = 0.5 GeV while A = 0.15 GeV would bring
the calculated rates in better agreement with the data. How-
ever various uncertainties preclude a determination of A

from the data {13]. UA2, PLB 118 (1982).
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the calculated rates in better agreement with the data. How-
ever various uncertainties preclude a determination of A
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... and today !
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- | all pQCD calculations using NLOJET++ with fastNLO: L(ED
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2 3
10 10 10
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But much more to be learned! |fastNLO
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Where to go ...

Kinematic plane of process scale? vs. x
(\]> F T T IIIIH[ T YH!Hl T T !IIIIW T T T TTTTT T T TTTTIT T T T TTTTT T T T 717171 - Huge new phase space acceSSibIe
S 108L [ Atlas and cms (7 TeV) N in pp collisions at LHC
N\ ; [ ] Atlas and CMS rapidity plateau 1
o - . .
107 ©= DO Central4Fwd. Jets - Many different final states to
- = CPR/DO Central Jets examine with high accuracy
106? ] H1
[ .
s - A lot of progress on the theory side
10° =
&
1040 o - Check SM predictions at high scales,
. - 100eeY but watch out for corrections
103 negligible up to now
i # 7 g »H
107 Lt - it - Determine the strong coupling and
0 - it a test its running at high scales
3 P IS e
L L |HH \\‘ 5 - Improve on PDFs and precision of
L ‘Hu‘HHH‘HH\HHWIHHUIHI“‘ - SM predictions
1rF -
10 = ! E
ol ol ol sl el - Any new “features”?
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X
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LHC Luminosity

LHC: 2009 — present

Collisions of p-p, Pb-Pb, and p-Pb

2009 -2013: E__=0.9, 2.36, 2.76, 7, 8 TeV
2012: peak inst. lumi almost 8 x 10% cm2s

Berlin, 21.02.2013

Total Integrated Luminosity (fb™')
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20(

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

== 2010, 7 TeV, 44.2 pb!
m— 2011, 7 TeV, 6.1 fb "
= 2012, 8 TeV, 23.3 !
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ATLAS and CMS

Silicon trackers: Up to|n|=2.5 Silicon trackers: Up to|n|=2.5
Calorimetry: Upto|n| =4.9 Calorimetry: Up to |[n| =5.0
Muon chambers: Up to |n| = 2.7 Muon chambers: Up to |n| = 2.4
Jet energy scale: 1 -3 % prec. Jet energy scale: 1 -3 % prec.

Both detectors are/will be complemented by further instrumentation at larger
rapidities.

Muon Detectors

| NGy

------- 'y T T e I '
7
g = o 5 e
e —
—

-..—_—u—-,-.‘l

_as"-i‘a"""""'i‘.‘ii .
/

Total Waight : 14,500 t.
Overall diameter: 14.60 m o
Overall length : 21.60 m SUPERCONDUCTING COIL

Magneticfield :4 Tesa = |HRETURNYOK

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 10



Jet Algorithms

[
Primary Goal: st 3 Jor 20
Establish a good correspondence - Deposited Energy:
between: / % [ Hadronic
- detector measurements . - = " a § Electromagnetic
- final state particles and - Track Hits
- hard partons =~ 105m
— ~ 0
i ~— - c i)
Two classes of algorithms: = Mesons: J[f Bayons: —
1. Cone algorithms: "Geometrically £ Kaons, Neutrons,
assign objects to the leading energy i i
flow objects in an event <10%m
(favorite choice at hadron colliders) & Quark
2. Sequential recombination: Repeatedly F‘: -
combine closest pairs of objects o |
(favorite choice at e*e” & ep colliders) Proton /AR 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

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 11



| Jet Analysis Uncertainties

@ Experimental Uncertainties @ Theoretical Uncertainties:
(~ in order of importance): + PDF Uncertainty

+ Jet Energy Scale (JES) + pQCD (Scale) Dependence
-~ Noise Treatment

Huge exp. % Non-perturbative Corrections
- ile- rogress
Pile-Up Treatment s?ncg 2009 <+ PDF Parameterization

% Luminosit
y % NLO-NLL matching schemes

+ Jet Energy Resolution (JER) + Electroweak Corrections

+ Trigger Efficiencies
99 + Knowledge of a (M,)

% Resolution in Rapidity
e )
% Resolution in Azimuth Y

% Non-Collision Background _
There is a lot to learn here from

* oo comparison to measurements
possible at the LHC!

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 12



Jet Energy Scale

Dominant uncertainty for measurements of jet cross sections!
Enormous progress at Tevatron, and at LHC in just three years.
QCD at hadron colliders is becoming precision physics!

Fractional uncertainty (%)

DO from 0.7/fb (2011) Approximate development
. bglorom ¢ of JEC precision
3.5 e -
= Rew-07.7,=00 3 ATLAS from 5/fb (2011) = [
3.0F — Total - - Showering 3 . & 15 imi 7]
5 5E --.Response - Offset E (Z'l'jet chan nel) - KR Preliminary
0 OB 12005 — — —] E —— ATLAS, |n|<0.3,p,>30GeV |
1 .55_ E '%0.045 = ATLAS Preliminary s = 7TeV, I Ldt=4.7fb _g . CMS, In| <05, p, > 30 GeV -
“E T Tre—ee == 18 0.04 antik R=0.6, EM+JES 3 — DO, In|=0, p; > 50 GeV 1
102 Ttteeeeme—emeTT 48 T f ol c - T -
o e e 330.035 % o Ex?répolations = 10 | — CDF,0.2<[n| < 0.6, p; > 20 GeV_
0.5 T TITI T e =3 B ~-#- Pile-up jet rejection O
0.0 LT SIRIETIY s e poeeeq  0.03% —-8-- MC generators wl -
"50 60 100 200 300 400 0025 =\ o . jadiation suppression | °3 i
corrected jet p_ (GeV) - ~+  Out-of-cone o
T 0.02|— —-*-— Electron energy scale («}] -
- 2 _
0.015 |- s
0.01f o 5 ! B
-5 - _
0.005 |- ] |
[y
20 I -
prf [GeV] -
0 povond v vvowd vl v rved s eswd s ovved vl

ATLAS, EPJC 71 2011; arXiv:1112.6297; CONF-2012-053; CONF-2012-063 6 5 4 3 2 »
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)
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ﬂ Jet Energy Scale and Pile Up

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

ATLAS Z — pp candidate

with 25 reconstructed primary vertices:
(Record beyond 70 by now.)

CMS from 5/fb (7 TeV, 2011) CMS from 1.6/fb (8 TeV, 2011)
. 1OCMS preliminary, L 4. 9 fl:n1 (s=7 TeV _ 10CMS prellln:llpe‘lr‘y‘ ‘I‘_ 1. 6 fb‘1 _ u‘_s‘,l . ‘8 TeV
Xk =Total uncertainty | X = Total uncertainty
> 9 Absolute scale > 9K | — Absolute scale
c gk * Relative scale k= 8 | ~Relative scale
© f = Extrapolation : . [ ~ Extrapolation ]
5 7F = Pile-up, NPV=8 - Plle-up 5 7 = Pile-up, NPV=12 —
O f = Jet flavor 5 © = Jet flavor ]
S 6_ « Time stability ] effeCt % 6::7 = Time stability -

5 = 5k =
8 L Anti-k; R=0.5 PF = Ll E Anti-k; R=0.5 PF ]
7 48 h]ietl=o ] A4 mJE‘l -0 E
3l ot
25 E 2 £
: E- _ L ; ~Poges ] M
r oL Svny gy yneey 3 L e SSGEC i . T a T

¢ 20 100 200 1000 0 20 100 200 1000

CMS, DP2012-006
p, (GeV) p, (GeV) CMS, DP2012-012
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=\

Klaus Rabbertz

All Inclusive
High transverse Momenta

Run/Event: 136100 / 103078800
Lumi section: 348

Every jet counts

Berlin, 21.02.2013 Seminar DESY-Zeuthen
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Inclusive Jets
A\

Agreement with predictions of QCD at NLO over
many orders of magnitude up to 2 TeV in jet p_

Data at 8 TeV in progress ...

d?c 5
Q0

X
dprdy i

anti-kT, R=0.6, 7 TeV, 2010 anti-kT, R=0.7, 7 TeV, 2011

13
—— 1 O ~ T T T T T ]
— 24 FT T T LI B N | T T T UL = > — L |}’|{0.5(X104} _
% 1 021 ~_ anti-k, jets, R=0.6 ® |y|<03 (><10,2) , i ab 1011 B I_CMS O 05<ly|<1.0(x10°) _]
5 107 E| La=s7po, \s=7Tev SRS dbbadold O . \s =7TeV B 10<ly<15(x10?)
e 18 = & e O 12<ly|<2.1(x10% B - L=5.0fb’ O 15<|y|<20(x10") _]
2 107°E T - 2 5-;3 L|V||<%-%((X 11%‘2) — = :_ anti-k; R=0.7 v 20<Jy|<25(x10") _]
% 1 015 :: — - _’__.__._ v 3:6;|§|<4:4 (< 10 :: = ']O? _:;"'q.-_-_ —
- —6— -o- _‘ = — - —
Q_'_‘I 01 2 f__.-_'__._ e —e— ++-o- — o ‘:.-i'e'-e-{_,_f"'q-_. _
o e - o -eo- 3 = = "= -&.&ﬁ.e.*"t |
S 1 09 il —— —n— - o - Q. e T Co_ Yo —
N = S - —o- = o ']03 .. T Em. oo e, —
o) e = -.'—._ == — iy o - ‘E'.E, [ =" .y ]
— —A— = -.-_._ == — [ | -‘-* EE .'.., ee .". _
3 F=t= e e g ‘.- = © i T, 5 oo, e 7
10°E —= A === - — Fa S5 S_ %, =
— —r— —a— = =l —| P - By Cli 3
1E° —v— —— e === = 10 L T EEE . _]
3F - e = T3 i 2 %5, e
10 F Systematic = T _ == &= = B > B
1070 oy MoveTe - 3 non pcell?tfl)rl?ative 10°F e P s -
al (CT10, u=p7™) x ATLAS 3 P . - NNPDF2.1® NP Corr. — —
1079 =" Nonpert corr. | . ATEAS = corrections . | | l
2 2 3 200 300 1000 2000
20 30 10° 2x10 10 ATLAS, PRD 86 (2012) 014022 Jet GeV
GeV P
P+ [GeV] cwms, arxiv:1212.6660 (2012) T
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LHC Data and PDFs

B\

Comparison of ABM11 PDFs First global fits including LHC data !

with CMS inclusive jets (2010, 34/pb)  ATLAS inclusive jts (2010, 37ipb), ATLASILHCH W2

o NNLO(approx) pe=itp=Er 2 observations:
I Q%I\Tdévlos 3 Y= 0.75 - slightly smaller uncertainties in NNPDF23
s | i § B _Huﬁw - measurement always lowish at high y
- 1 . - — | > - = Ll
S WHHHHHW %HHHHHW ATLAS Inclusive jet pT distribution ( 2.1 < |y| < 2.8 )
> o Y=025 | | S L B B B B BRI
_ : _ 1.2~ T -
Y=125 | Y= 115 - .
- F N — §
: L _ -~ 2 1= Teefeeseederizasaziaiiiiiiiil @ ]
T WHHHHW Lok } | 1 [ vt :
D fr C a 0.8 e ]
F 1 ||||||I 1 1 ||||||I E 1 ||||||I 1 1 ||||||I % : :
: Y=225 | Y=275 2 06 ~
sk - | e CMS 2 C -
k===~ " iy | - - -~ =~ ol 34 1/pb ¢ 04 T NNPDF2.3 NLO I
r ¢ ‘ r anti-k B : i
s %HHHHHHT { ; HHHHHH R=05 0.0k NNPDF2.1 NLO E
é 1 1 |||||I 1 1 1 |||||I ; 1 1 |||||I 1 1 1 |||||I : — Experlmental data :
N N T T T BT S|
10° 10° 10° 10° % 100 200 300 400 500 600
E. (GeV) E. (GeV) pT (GeV)
ABM11, S.Alekhin,J.Bliimlein, S.Moch, arXiv:1208.1444 NNPDF23, R.D.Ball et al., arXiv:1207.1303
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PDFs and matched Showers

A\

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

+1.5 _1
j L dt=37 pb E L dt=37 pb
— -
E R RN 8- e e \s=7TeV g 1 \S=.7KT?V R
O anti-k, jets, R=0.6 < anti-k, jets, R=0.6
15 0.5 Data with
° Data with g 1 statistica lerror
b= o statistical error @© 5 Systematic
= o uncertainties
PRRRRATTR T r—r—r————————l o i Fa e ‘“f T = —@-
1 B R R e S e T Systematic s = : o | NLOJET++
T e AT W uncertainties _——_ e e ) |
- (CT10, p=p7™)
05 NLOJET++ (H=p$aX) % 0.5 Non-pert. corr.
15 al N Non-pert. corr. 1.5 POWHEG
r . A (CT10,u=p®") ®
AR = e ; j % CT10 1 PYTHIA AUET2B
1 g e iR g POWHEG
13 7 - (CT10, M=p_BI_orn) ®
0.5 | 4 | — msTw 2008 0.5 PYTHIA Perugia2011
. 7 POWHEG
4 - _Born
&~ 1 1--- NNPDF 2.1 11 v CTou=p)®
0 S — - ] O _- HERWIG AUET2
e ey g s . — ‘o4 -
e = . 8- ] i b POWHEG fixed order
[ 1N e HERAPDF 1. [ ] =p3"
0.5F 1.2<y] <2.1 1l ° 0.5 125m<21 — . ﬁ\i?p?ei f:)cT)rr)><
20 30 102 2102 10° 20 30 10 2x10° 1%: v
p_[GeV] NLOJet++, Z.Nagy, PRD68 2003, PRL88 2002 P, [GeV]

POWHEG, S. Alioli et al., JHEP 1104 (2011)
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% Non-perturbative Corrections
B\

»w 3.5
Recipe used at Tevatron & LHC: g E o
- take LO parton shower (PS) MC s s e=7Tev
- derive corr. for non-pert. (NP) effects, § L amcnreor *Cuo
3 25

i.e. multiple parton interactions and
hadronization

— assume PS effect small on NLO

— assume NP effects similar for LO,NLO

NP effect: C** |
PS effect: CPSEENLO

N

-
al

et
o

Pythia, |y| < 0.5, R=0.7 e

% 3:_ 21:7Tev *crg E
£ B Iyl <0.5 . < .
e MR ~cly “E POWHEG+Pythia, |y| < 0.5, R=0.7
: [ 1 1 1 1 1 11 | 1 1 1 1 1 | I | I 1
L NP effect: C"* 20”; v o e 1 ;Je{;T(Tevfc)
— - e e
B PS effect: C™ | _
b e, Observations:

- assumptions fine at central rapidity
n (not shown here)
osF- - NP corrections larger for R=0.7 than 0.5

- - for |y| > 2 PS effects visible
2><1|0_2 3x1|0_2 | L1 |1;_1 2)<1|0_1 3)<1|0_1 ] PR T B |1 2' ElgGureS C;ﬁurteps}y(o: SDOAOlIéng,tHJung,
Jet T(TeV/c) .Gunnellinl, F.Aatsas, A.ANUtSsSon
20 GeV 1Te (s. also arXiv:1212.6164)
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Inclusive
B\

Here:
Ratio with different jet sizes
R=0.2and 0.4

Jet Ratios: 0.2/ 0.4

G.S , PLB698 (2011).
ALICE measurement: — —

following proposal from G . Soyez
Emphasizes effects of showering and

hadronization!
% SE anti-k , R = 0.2, [n[<0.5 B g- 1.4 anti-k;, n|<0.5 B
% 107k ¢ ALICEppis=276Tev:L, =136nb’ § 1 [ " 2'—'?5 PR 's = 2'716 TetV
[ . . ] ~ — | | ystiematic unceriainty

_g 104l == [ ] systematic uncertainty ] g 1.2 1 LO (G. Soyez)
— = — = N C [ NLO (G. Soyez)
5 105 % N T 1 [ ] NLO + Hadronization (G. Soyez)

- E 5 @ L
= B = 1 B ,aC
% 107 | C_INLO (N. Armesto) == ] © 08 s
ey = [_]NLO (G. Soyez) = - SURANNNNNS

107 B NLO + Hadronization (G. Soyez) % 0.6 * ﬁ—/r G
§ 2P ' | E xpurs=am 2=r=ny pall W e
S 15| [ — 04— "1
O 1L m(m| m | = | § [ ] N = N
I | = | I%_' L
< 0.5 — 0.2—
43 2F T -
-51-57 e M PR _i _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
o 1 3!5El‘l“ﬁ- N 0 30 40 50 60 70 80 90 100
= 05 | . . | iE P, (GeVic)

20 40 60 80 100 120 !
p.. (GeVic)
Tiet ALICE, arXiv:1301.3475

Klaus Rabbertz
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% Inclusive Jet Ratios: 2.76 /7.0
i\

Here:
Ratio at different energies
E__=276and 7.0 TeV

Result from ATLAS:

- cross sections at 2.76 TeV

- ratios to 7 TeV

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

p (v, pT) ratio wrt CT10

>

Shown —
- study on PDF impact

At least partial cancellation
of uncertainties

— more precise comparisons 05t

ATLAS, CONF-2012-128
Klaus Rabbertz

Berlin, 21.02.2013

—h
a1
=<
A
o
w

ATLAS

Preliminary
j L dt=0.20pb™

2.76TeV / G?TeV

p= Gjet jet

anti-k, R =0.6

Data with
—e— statistical
uncertainty

Systematic
uncertainties

]

NLO pQCD
X non-pert. corr.

CT10
— MSTW 2008

- --NNPDF 2.1

- . -HERAPDF 1.5

Seminar DESY-Zeuthen



Proton

Klaus Rabbertz

Dijets

High Masses

J CATLAS

umber: 167607, Event Number: 40296085

Berlin, 21.02.2013

Seminar DESY-Zeuthen
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Dijet Mass

A\

Again agreement with predictions of QCD

over many orders of magnitude!

anti-kT, R=0.6, 7 TeV, 2011

—h

o
—_
~l

> | Systematic v 205y <25 (x10% _
O 150 urxllcertainties O 15<y" <20 (x10%) ]
S 107 F A 1.0<y <15 (x109)
o 10°F % (CT10,u=p_exp(0.3y")x ® y' <05 (109 _
'k>\ = Non-pert. corr. =
Y 10" S SHEE -
~— — O.O —
E 109 - *-A-* %-o -
E [ = *-A- IQ-@ %Em —_
N 107 E -=- = -m-**‘ T EBE __
° UL N =
5 e =, ]
10°E --- s '*, =
| -, Sa_ I _
3l . Bs T ]
10°E e =
- - e — — -
— ATLAS Preliminary L N Egﬂga =
10 i anti-k, jets, R=0.6 .'.'.‘ e E
oL Ve=TTev. [Ldt=a8mb" h™ B
— 2011 Data == -

10-3 ] ] ] Lo | ] ] ] ] ]
3x10" 1 2 3 4567
ATLAS, CONF-2012-021 (2012). m;y, [TeV]

Klaus Rabbertz

Berlin, 21.02.2013

d’o 2
dMJJd“y'maxay*] 0

anti-kT, R=0.7, 7 TeV, 2011

S\101DJ I I I I T 1 | ® |)|r| T 05'( 1(')0) T I _]
9 — miax < U o ]
eb) 10°F _CMS O 05<|y|  <1.0(x10")
©) — Vs =17 TeV m o 10<|y _ <1.5(x10%)7
3 — L=50fb" O 15<[y|, <20 (x10°)
2 106 antik,R=07 v 20<ly|. <25(x 10"
= - = - B
£ — —_— - 7 —
>10°c ~ . = +-'!'- =
p— —— == - _ 7
o — ——  -m~ T —

3 - —_— = T__F
-...-._O__ 1 - - = = —
© - - - —
a3l - - i
107F = = p?ve +-.-&€= s N
— —— NNPDF2.1® NP Corr. - ]
10° - | -~

| | 11 1 | | |
200 1000 2000 v
.. e

CMS, arXiv:1212.6660 (2012) 1 )
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Dijet Angular

1+ |cos®* ~ flat

2 O >k
5 0.7~ —+— Data CMs X = exp(2y”) = exp(|y1 — y2|) =
;%j -~ [ QCD prediction Ns=7TeV ]- - | COS @*| for QCD
% | —— Ajre=7TeV(NLO) L=22fb"
3 06— w3t w09 Agreement with predictions of QCD —
o . . . .
& —__.é-,.#p Set lower limits on contact interaction scale A
" 0 5__ 24<M; <3.0TeV  (+0.4) \
%d;# NLO CMS
i \s =7TeV
L A+ .
0'4__ 1.9<M; <24Tev  (+0.3) NEW: I__URR q ] L=22fb"
i NLO means ClI ALURR | — Observed
- 1.5 < M; <1.9TeV (+0.25) i N S A T S T o Expected
o3l e —=  corrections to LO 2 Expected +1o
_—__'_ —— g :'2 <My <-1.5w QCD at NLO AIURR ﬂ Expected +2¢
- 1.0<M; <1.2Tev  (+0.15) - .
W - N A
0.2 v .| Decreases limits! | TtRR st
_—-l—f *—g—0 9 =. : 1y a . AG\HAA -I
- 06<m, <08Tev (005 | Gaoetal, PRL106, 2011 e ] ]
01 - o VV/AA *
.~ . 2.4 :Mj <06 Te\i o | A}—LV_A) *
i | | | | | 1 1 | 11 1 | I 1 1 | I 1 1 i l I I
2 4 6 8 10 12 14 16 9 10 15 20
CMS, JHEPO5 (2012). X i A [TeV] lower limit
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Dijets separated in Rapidity

A\

Quantities sensitive to potential deviations from DGLAP evolution at small x
Some MC event generators run into problems ... but also BFKL inspired ones!
Large y coverage needed, also useful for WBF tagging jets.

Most forward-backward dijet selection

Data 2010

ATLAS

E HEJ (parton level)
(4] Forward/backward selection === POWHEG + PYTHIA
- Q, =20 GeV -+=+ POWHEG + HERWIG
—
Py
(@)
D
-
|— I--.
i-III‘
s T et
bl ...-I-_-.-_-_';----... = :
----- il
0.5 210 < P, <240 GeV v ]
--1.-:
1 TR Ill-l- lllll .I ----- := -------- .- -.I--=-|F|-:
Trmvmy E

05_1505ﬁT<TBOGeV o5

0 1 2 3 4 5
ATLAS, JHEPQ9, 2011

Klaus Rabbertz Berlin, 21.02.2013

All possible dijet pair distances over
leading dijet pair distance

CMS, pp, Is =7 TeV

TCJ 5_I T TT | TrTTT | T TTT | T TTT | T TTT | TTTT | T TTT | ITTT | T TTT |_
= - [ m ] 2010dat N
m4,5 — PYTHI:6aZ2 dijets -
C p.>35GeV =

[ omenes PYTHIA8 4C Tl <47 ]

4 :_- ---------- HERWIG++ UE-7000-EE-3 y ’ _:

[ mremimimn HEJ + ARIADNE ]

3.5 M e CASCADE -
3 SN E
2.5 BFKL inspired —
2F : R

1.5 - pETE A e 1 _:

1E DGLAP =

_I 111 | L 111 | L 111 | L1111 | L 111 | L1111 | L 111 | L1111 | L 111 |_

o 1 2 3 4 5 6 7 8 9

CMS, arXiv:1204.0696 (2012). |Ay|

Seminar DESY-Zeuthen 25



=0.3)

1-Y(r

Jet Substructure

=
v 4
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 ]
- anti-k, jets R=0.6 ] 35
025171 1yl<28 | DpatafLdt=07nb"-3pb"
0.0 - PYTHIA-Perugia2010 B 3
L _+_ ---------------- Perugia2010 (di-jet) .
0.15 .. gluon-initiated jets =
- —+— ........... Perugia2010 (di-jet) . 2.5
0.1F - _—+— quark-initiated jets J
n B . ra—— .
L T S 2
— —‘— ‘ FELER LT CTEL T TRLLLLR LT |
0.05 — T e T ——— ¢
- ATLAS T Tmmmes N
0 B 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 B 1.5
0 100 200 300 400 500 600
ATLAS, PRD83, 2011 P (GeV)

Klaus Rabbertz

CMS, PAS-QCD-10-041(2012).

Berlin, 21.02.2013

Jet shape (left) and subjet multiplicity (right) sensitive to
differences in quark and gluon initiated jets

Can help also in differentiating boosted jets of heavy objects
like Z'ort'... —» whole new topic of boosted jets!

CMS Preliminary L_=36 pb 1 s=7TeV

= k; R=0.6 Syst. Uncert.

B pfl > 97GeV & Data

Cusaie lyl <1.0 Herwig++ 2.3 (Gluon)
B :"_,: Unfolded PFJets Herwig++ 2.3

= - = gluons Herwig++ 2.3 (Quark)
- et -.-: " A LT Pythia8 4C (Gluon)
- -..- e === Pythia8 4C

i . :- T mn Pythia8 4C (Quark)

i o ",

o

N i s . -"""'- ---------
_— m”"%...“é a ..;"i.' ., i

- quarks *a3 fee e
: TI“ru”L_"“"II”n'”““11mun—;*ﬂlhl,“”““”,,““
- | , L]
102 ’

Jet pT(GeV) 10
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ﬂ Multijets and a_

a_at High Scales

Proton

Proton \



3-Jet Mass, DO

B\

+ Sensitive to a_ beyond 22 14 F | ® Data/Theory (MSTW2008)
s 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
0 12 [ g
% Involves additional “scale” : el
os LT-1110000 8. ]
P13 06 | 1E 1 el
0.4 F I¥/<24 prg>40GeV L |y|<24 pry>70GeV |
1055— 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 m |y <1.6 [ O prz>70GeV (x2) M, (TeV) |
® : A |y|<0.8 : o prg> 100 GeV :
£ 408k L
@ 2§ pry > 40 GeV |E ly| < 2.4
5 10F E % Most PDFs work ok, CT10 is off
s 0k o \DO investigated 3 different
B T F lower pT thresholds p_ . and
€ 0L Vs=196Tev — NLopQcD 3 T3
3 _ i plus non-perturbative corrections max. rap.
O S | S Vil hel i e P-Y dogjes 3
04 0506 08 1012 15 04 0506 08 1012 1.5 dM . X Oés
DO, PLB704 (2011)| M3er (TEV) My, (TeV) 3jet
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| chiz comparison to central PDF
A\

- DO =07 ! || —® MSTW2008 |[ ' 0 HERAPDFv1.0
IS ! [ ---A NNPDFv2.1 || O ABKMO9NLO
8_ 150 N Ko = (pT1+pT2+pT3) /3|[ ===-¥ CT10 B -
-FE ! I i -
I I : : i
100 | — B . PPt
2 - ! : ---F
= 29 N — M =le=2 1 (c)
| | | 1 | | | ]

\

\

Scale factors: 1/2, 1, 2

Takes into account correlations in experimental uncertainties
Best agreement found with MSWT2008 and NNPDF2.1

DO, PLB704 (2011)
Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 29



A\

Anti-kT:
All jets:

Binned In:

— 2
=
o
e
-
S

a 15
=
®
(@]
|
=

_9 1
0
©
o

0.5

0

3-Jet Mass, CMS (in prep.)

R=0.7
pT > 100 GeV (other also rel. cuts p,,/<p,, ,> examined)

Theory predictions rel. to CT10 PDF set
Data under examination, to come soon!

- 3-Jet Mass Anti-k; R=0.7
L 0.0<|y],.x<1.0

1
L [ ] CT10N-NNLO’® NP, APDF CL68’
L MSTW2008-NNLO’® NP’

[””] NNPDF21-NNLO’® NP’
I === A(NP @ Scale)

10

3

m, (GeV)

Klaus Rabbertz

’Ratio to NLO ® NP, ’(CT10N)

(looked also into R=0.5)

lyl.... of leading three jets up to 2
Scale choice: 4 = Y. = m,/2

2 T T T T T I
- [
L [ ] CT10N-NNLO’® NP, APDF CL68’
B HERAPDF15-NNLO’'® NP’
7221 ABM11-NNLO’® NP’
T -—-- A(NP @ Scale) T
15 — —

i vﬁ?swwwTW‘WV“*‘“&;
SRS N N

N
§§§i§§§§§§§§\\\\\§\\\\\\\ NS

AV ATAN AT AN NN TN AN
N

05 —

- 3-Jet Mass Anti-k; R=0.7
L 0.0 <[yl pa < 1.0

0 1 1 1 1 |
3
10

m, (GeV)

Berlin, 21.02.2013

(alternativ <pT, , > abandoned)

’Ratio to NLO ® NP, °’(CT10N)

2

-
o

—

0.5

-

L[] CT10N’® NP, APDF CL68’

Lo MSTW2008-NNLO’® NP’
NNPDF21-NNLO’® NP’

I --- HERAPDF15-NNLO'® NP’ T

— —— ABM11-NNLO’® NP’ —

- 3-Jet Mass Anti-k; R=0.7
L 0.0 < |yl < 1.0

3
10

m, (GeV)
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% Inclusive Jet Ratios: 3/ 2
B\

Now: Ratio for different multiplicity
Njet = 3 over 2

M. Wobisch

@ Avoids direct dependence on PDFs
and the RGE of QCD

Use cross-section ratios! j E a

— reduces other theor. and exp.
uncertainties along the way

antiproton

@ — eliminates luminosity dependence
(normalization)

@ Choices of CMS: R32 — d03+/de X (g (Q)
+ Ratio of inclusive 3-jet to 2-jet doay [dpr
production P11 + PT9
+ Average dijet p_ as scale Q = <pT1,2> —

2

@ Other 3-jet observables possible, see
e.g. propositions by DO 'po, pLB718 (2012) 56-63
Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 31



% Data comparison to NNPDF21
B\

@ Agreement within uncertainties S UPETTT T T T T
] 2 0.4 CMS Preliminary « Data (Lim=5_0 fb'1) _:

4+ Scale uncertainty: i_ % - Lo NNPDE o NPe

_ 0.35 \s=7TeV —— (M) = 0.119 =

+ PDF uncertainty: 1.0— 23% anti-K, R=0.7 i . =
0.3 t Scale uncertainty -

@ Fits only above 400 GeV to avoid 0.95 or rceranty
. u inty 1

threshold effects 3

0.2 —

@ Similarly described by CT10 and 015
even better by MSTW2008

0.1 —E

@ Discrepancies observed with 0.05 E
ABM11 - T R E

g 12f E

Measurement setup: g VE . __ﬁ' |
_ IS~ o e T T ol ekl el kit B B

@ Integrated luminosity: Lint = 5.0fb ™! "3 T g 4;%%{?‘ """ T T3
@ Minimal jet pT: pr > 150GeV  F 1| 3
@ Maximal jet rapidity: |y| <29 2000 400 600 800 1000 1pOT(:z) GéonV)
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Data comparison to ABM11

;
@ Discrepancies with ABM11 . 0-45F™ LI L
especially below 600 GeV 0.4~ CMS Preliminary « Data(L =5.0f")
] . 5= 7 TeV NLO ABM11® NPC -
@ Fits of the strong coupling tend 035 ™ 17e —aM)=01134
versus the upper edge of the 0.3 ant-K.R=07 Scale uncertainty
available series in alpha_s 0.25 POF uncerisinty
% No result with ABM11 to report 0.2 =

@ Much smaller gluon down to 50% at 0.15

high x at the same time as

preference for smaller couplings

@ To be further discussed/resolved ...

Klaus Rabbertz

0.1

0.05

—_
= DN

Data/Theory
co bbb b

—_—

o
©

o
o)

]
I
II|IIII|II

200 400 600 800 1000 1200 . 1400
p._. > (GeV)

11,2
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% Sensitivity to alpha_s

UL | L | L | LI | UL L

@ Fits only above 400 GeV to avoid & : . s
thresho)I,d effects oY’ 0.2 CMS Preliminary B
- \s=7TeV o =124 i
@ Error bars show full uncertainty 0.18 ant-KR=0.7 ° -
including the correlated systematic . S| :
ones - H__\\ E
@ Compatible results from NNPDF21, 0.14F ] ”\:
CT10 and MSTW2008 with x? fit - N N
using correlated experimental 0.12F RS
uncertainties: . ]
0.1 —
0 08 :_ Data (Lim=5.0 fb™") _:
T NNPDF 0,(M_)=0.106 - Min. Value
NNPDF21: a (M,)=0.1143 £0.0064 4 gaL NNPDF o, )=.115 E
- L (o) =0. - Max. Value 4
CT10: a (M,) = 0.1130  0.0080 : R
. — _l | | | | | | | | I | | 1 1 1 | L1 1 | 1L 1 | | ] |
MSTW2008: o (M,) = 0.1135£0.0096  0.04554"705" 600" 800 1000 1200 1400
] pT1 5 GeV)

Not used ’
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Determination of a_ (NLO)

;
N _I LI I I 1 I 1 1 LI I 1 I I I I LI | I_
_ & 0245 cMSPAS-QCD-11-003(2012).  cms Preliminary —
@ Comparison to 3 0.22F CMS R, : 0g(M )=0.114370%%% =
. L Z -0.0067 ]
extractions from 0oF e CMSR, E
other hadron collider = A DOinclusive jets =
. 0.18F @) DO angular correlation _
experiments = I =
0.16 —
@ Although only one = =
point shown here 0.14 = =
extraction works 0.121= =
equally well in e.g. 0.1 3
three subranges 0.08 =
0.06 F- =

10

3
1OQ(

@
)
S

PDF uncertainty: Repeat fit for each replica — get estimators for y and o
Scale uncertainty: Repeat fit for all six variations — get maximal deviation

as(Mz) = 0.1143 & 0.0064 (exp) -

Klaus Rabbertz

Berlin, 21.02.2013

- 0.0019 (PDF) -

- 0.0050

E0.0000 (Scale)
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http://cdsweb.cern.ch/record/1493557

Determination of a_ (NLO)

~ LI I I 1 1 1 1 LILIL I 1 I 1 I I LI |
_ % 0.24 = |CMS-PAS-QCD-110032012)  cms Preliminary
@ Comparison to 3 022 CMS Ry, : trg(M)=0.114370%°%°
extractions from CMS Ry, |
0.2 DO inclusive jets

other hadron collider
experiments 0.18

I|III|III|III|III|III|III|III IIIIIII||_

OoopP> e

H1

DO angular correlation

0.16
@ Although only one
point shown here 0.14
extraction works 0.12
equally well in e.g. 0.1
three subranges 0.08 more points here -
0.06
To be finalized soon with B u%gz I1I(|)3
" Q (GeV)

PDF uncertainty: Repeat fit for each replica — get estimators for y and o
Scale uncertainty: Repeat fit for all six variations — get maximal deviation

Much smaller uncertainty here

oy (Myz) = 0.1143 £ 00864 (exp) -

Klaus Rabbertz Berlin, 21.02.2013

- 0.0019 (PDF) -

- 0.0050

E0.0000 (Scale)
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a_from inclusive Jets (NLO)
B\

CDF: «as(Mz) = 0.1178 £ 0.0001(stat) 0000t (expt.syst) __DO: + 0.004 total
DO: o, (Mz) =0.11611) 0% (total) <—
M/S: as(Mz) = 0.1151 £ 0.0001(stat) & 0.0047 (expt.syst) 0003 (pT, R, i1, PDF, NP)

\

M/S: £ 0.005 exp.

Attention:

Evolution of PDFs from low to high Q assumes the validity of the RGEs ...

0.18 o (py) from inclusive jet cross section | B o T ]
o b 016 i in hadron-induced processes | < .16 — 2 « 0<ly<03
R 1 e et ot 0.2 S 2 = 03<[y[<08 |
S0 | ?0'12 - enpmsessotee &0 ¢ i 0 H1 = S: 08<lyl<12 A
o 01 ¢ — A ZEUS 0.14— =) vo12<ly[<21
gorf | PRI m s [ & * DO - 5 S M DET I
Sonmf ¢ o 0.12— i 36<yl <44 —
A A - : .
= i ¢ L . _
8 013 [ ** B — T —
S | “w, + 01 F B3 a(My)=0.1161 3304 0-1¢ Fﬂﬁd}: i
@ o012 [ -y - L .
g i jar P + + . (DY combined fit) | - s
“oon f Tee @ ++ A014_" ' —_—— 0.08— ]

E ) N ' r 4 — —

01 = g 0.12 :_ 4 L¢+ AL 4 | L1111l 006; i

’ 3 F R A R Usmg ATLAS 2010 data1
10 } ///////// 0-1 | | 1 | | . . L R 2
. i //// 7 Systematlc uncertalmles / 10 102 10 10°
R T T Yy ey T p. [GeV]
0 50 100 150 200 250 300 350 400 450 pT (GeV) T
CDF, PRL88, 2002 DO, PRD80, 2009 Malaescu/Starovoitov, EPJC72, 2012
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a_ World Summary

o.(Q) from jet and event shape data )
S. Bethke, 2012: NNLO: + 0.002 — 0.004 ,, =& P S
' ® DO RAR U
T 02” m D@ incl. jets 0
- ~
‘c-decays F=( as(Mz)= 0.1197 + 0.0016 - ¢ ALEPH evt. shapes =
. I 0.18 |- < JADE evt. shapes 3
Lattlce (0, as(Mz)= 0.1185 + 0.0007 E A ZEUS incl. jets o
—~ 0.16 - ¥ H1 incl. jets N
DIS —O—i : as(Mz)= 0115100022 O g J e
+ - SIETOE | 3 0.14 | D
e’e” annihilation  +—O7— os(Mz)= 0.1172  0.0037 [ @

. | 0.12 -

4 pole fits —— as(Mz)= 0.1197 + 0.0028 -

.I....|...I.I....|.... 01 :_E RGE for
- (M) = 0.1184 + 0.0007
0.11 0.12 0.13 0.08 RLIEI Js IZ (| |111 1 L1 11
10 20 50 100 200 500
o, (M)
S Q (GeV)

PDG2012

(compilation by DO0)

g (Mz) = 0.1184 4+ 0.0007

But: Jet data from hadron colliders not included!
Jets at NNLO might come this year!

A lot of progress by groups around

Th. Gehrmann et al. and N. Glover et al.

Klaus Rabbertz Berlin, 21.02.2013

DO: < + 0.001 exp. T

Tevatron limit, published this year

LHC from jets starts here ... |——>
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Jet Analysis Uncertainties

;
@ Experimental Uncertainties @ Theoretical Uncertainties:
(~ in order of importance): + PDF Uncertainty
* JetEnergy Scale (JES) % pQCD (Scale) Dependence
~ Noise Treatment + Non-perturbative Corrections
= Pile-Up Treatment + PDF Parameterization
% Luminosit
¥ % NLO-NLL matching schemes
% Jet Energy Resolution (JER) _
+ Electroweak Corrections
+ Trigger Efficiencies
o o + Knowledge of a (M,)
+ Resolution in Rapidity
g )

%+ Resolution in Azimuth

% Non-Collision Background

= [ AN J

Expected exp. Precision for a_(M,)

from cross jet sections (inclusive, 3-jet, ...)

of the order of £ 0.001 !
Klaus Rabbertz Berlin, 21.02.2013

|

To be addressed!
These become limiting factors ...
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A\

Jet pT at NNLO (gluon-gluon only)

]
3 " =1 il ==
% 104 —NLO
2 — NNLO
%F 10°
£
10
1
107 {s=8 TeV
10-2 antl'k-l— R=0.7
10° MSTW2008nnlo
104 M=M= Py
10° —
10° ol 1
10° 10° o (GeV)
1 8 | T T T T 1 I 1 I I I | |
. —NLO/LO —NNLO/NLO —NNLO/LO —
16 B ——|_|_‘_._| I 7
14¢F — ]
121 , -
-1 1 1 | 1 1 1 1 1 1 1 |
102 10°
p. (GeV)

K factors

From talk by N. Glover:
Gehrmann- de Ridder, Gehrmann, Glover, Pires

Klaus Rabbertz

Berlin, 21.02.2013

Latest Progress in Theory

Electroweak correctlons X QL

0
2 LHC 7TeV duet,mass h

51 loop Bt .
-2 F weak "--.,_I_ -

tree
5EVV

5tree +51 loop

EV\' Weak
1 1 1

0 500 1000 1500 2000 2500 3000

6 [7]
o . ) ' T ' T
Jo 0 —— sl
[T T ——— Stree J__.r"‘ i

EW -

10 L LHC, 14 TeV pT iesding -

0 500 1000 1500 2000 2500 3000
kT 1 [GeV]

S. Dittmaier, A. Huss, C. Speckner, JHEP11 (2012).
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ﬂ Outlook

@ Hadron colliders are (multi-) jet laboratories

@ Jet measurements at hadron colliders are becoming PRECISION
PHYSICS

@ Must be accompanied by precise theory (Jets at NNLO ...)

@ Interplay between strong and electroweak interactions becomes
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

@ | didn’t even mention possibilities with jets with associated boson
production!

We are entering an extremely interesting period with huge advances
experimental data quality and quantity as well as theory predictions!

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 41



ﬂ Outlook

@ Hadron colliders are (multi-) jet laboratories

@ Jet measurements at hadron colliders are becoming PRECISION
PHYSICS

@ Must be accompanied by precise theory (Jets at NNLO ...)

@ Interplay between strong and electroweak interactions becomes
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

@ |didn't even mention possibilities with jets with associated boson
production!

Many thanks to you for your attention and
the invitation to this seminaire!
Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 42



ﬂ Backup Slides
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Jet Algorithms at LHC

A\

Cam/Aachen, R=1 |

Primary algorithm at LHC: .y k [ kR

~ Anti-K_:

.
-~ SISCone (“real” cone algo)
-~ Cambridge/Aachen

used in jet substructure, for

i -4
example in boosted top . SISCone rsssmemmn | ,

A
L

[GeV] an |-k - | _ anti-k, R=1 |

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
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fract. contribution (NLO)

0.75

o
o

0.25

Process Decomposition

(7) 9. — i
)
— q.q. — jets
(3) 99,99 — jets, X, > X, =
— jets
(1) g9 — jets
fastNLO
Inclusive Jets
" Anti-k;, R=0.5
LHCVs=7TeV 0.0<|y|<0.5
1 11 1 1 I| 1 1 1 L1 11 I| 1 1
-2 -1
10 10

Klaus Rabbertz

Fractional contributions

Berlin, 21.02.2013

0.05 0.1 0.2 0.4

d*o 5
X
dprdly|

X1 = 2p4/sqrt(s)

I I ! I ! ! I

Inclusive jets: Tevatron Run |l
ly|<0.4

qq — jets

IIIIIII|

gg — jets
1 | | | | | | | |
50 100 200 400
pr (GeV)
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ATLAS jet and substructure measurements

Jets @ Vs = 8 TeV

£ T T T 1 —3 — 10 L LR L B LR BN
% o* ~+Data (s=8TeV, [Lct=581" - 2 = ~+DataVs=8TeV, [Lat=581" -
g 1 B [ 1Pythia8 ys =8 TeV _5 T} [ ]Pythia8 Vs =8 TeV ]
= = =
& 10°F Scaled t0 5.8 ib™: = S Scaled 10 5.8 fb™: i
= B —~+DataVs=7TeV, [Ldt=48f" 3 = 1 —~+-DataVs=7TeV, [Ldt=481f" _|
g_ 10° [ ]Pythia6 Vs =7 TeV = Y = [ ]Pythia6 s =7 TeV 3
- 3 =3 - ]
= - L _
s . 3 3z -1 i
‘ ) S, E 10 T LI -
10 . - - ATLAS Preliminary 4 3
| ATLAS Preliminary v - E anti, jots, =04 I L + :
10 anti-k, jets, =04, lyl <2.8 4 = - y'<15lyl<28 | -
| 1 1 1 | I 1 | 1 1 | L | L | | | 1 1 L N -2 1 Il A1 l A1 L 1 l 1 1 L | L 1 L I. 1 - I L 1 1 | 1 Il L J L 1 1 L I

500 1000 1500 2000 2500 10 3000 4000

pT [GeV] m;, [GeV]

« Inclusive jet pT (left) and dijet mass (right) spectrum for pp collisions at Vs = 8 TeV
for anti-k; R=0.4 jets.

« Comparison with Vs = 7 TeV 2011 data and to Pythia 6 (Pythia 8) MC predictions at
Vs =7 TeV (Vs = 8 TeV).

— lower center of mass energy in 2011; therefore, lower cross section.

Bertrand Chapleau



Dijet Mass ATLAS

A\

d?o ~ o2 New choice for binning in rapidity by ATLAS = pTGO'Sy*
dM jydy* / Also new choice for scale setting —>
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m, Scale Dependence

One line per cross section bin for three choices of p_ scale factors

£=50fh" vs=T7TeV

—— muF = 0.500

o I — .
: — muF = 1.000 f :

1.20 A

1.00 |- 4

Ratio to muR, muF = m3/2 cross section

0.80 |- —
conventional variation §
[}16[} S . ».‘ A
| | I |
(.0 (.5 1.0 1.5 2.0 2.5

central scale m,/2 = sihe
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NNLO Scale Dependence

¢ JetpT at NNLO (gluon-gluon only)

:|_ T T T T T T T I ' r -
C Vs=8 TeV —LO .
u —NLO | o
— anti-k, R=0.7 e s
_ MSTW2008nnlo -
— ML= =H =
\SOGEV{F‘T{Q? - n
— \\\—:

20

w/p

T

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

Gehrmann- de Ridder, Gehrmann, Glover, Pires

Klaus Rabbertz

Berlin, 21.02.2013
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New jet angular correlation

! Observable from DO
1
10 F - DO L=07f"|F — A 22<AR<26
B gun N A B - ®m 1 8<AR< 2.2
i Le%%e | - A _|F e14<AR<18
e I o I . I | :
g E Y. I ? | i
= 10 L - - -
Z U F meewepr | é é
- - MSTW2008 PDFs | - -
(=1 I [ [ [
4 | — NLO pQCD + || I i
a4 5| hon-perturb. correct. s =196 TeV
10 F 2 2 3
E p™ _30Gev|f  p™ =s50Gev| p™ =70Gev| ¢p™ = 90Gev
= |Tmm = |Tmln = |Tmln = |Tmm
50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400
DO, arXiv:1207.4957 pr (GeV)

as(Mz) = 0.119175007% (total)

0.0007 0.0002 0.0010 0.0000 0.0046
+0.0003(stat) + o000 (€xp.) + 570001 (NP) +7070008 (MSTW) 4+ d024 (PDFset) +7((o6e (scale)
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CMS R,,: Analysis Setup

A\

@ CMS data of 2011 Lii=50fb !
@ Anti-kT jet algorithm with R = 0.7

% Compatible results with R = 0.5 as alternative
@ Selection in rapidity y (1 bin): ly| < 2.5

% Ensure tracker coverage

% Two jets leading in p. must be selected

% Ensure hard dijet event

@ Minimal transverse momentum p_: pr > 150 GeV

% Alternative thresholds 50 and 100 GeV checked
<+ Alternative relative cut on hardness of 3™ jet tested
@ Minimal average 2-jet <p_, ,> (27 bins): (pT1,2> > 250 GeV

@ 0O(2000) 2-jet ev. incl. O(300) 3-jet events above 1 TeV

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen o1



CMS R,,: Data Treatment

;
@ Three single-jet triggers (highest p. threshold 370 GeV)
! e = 100%
% Efficiency checked separately for incl. 2- and 3-jet events
@ Particle-flow technique to reconstruct input objects to jet e > 999

clustering
@ Standard CMS event and jet selection criteria apply

@ (n,p,)-dependent jet energy correction factors, typically: cjpc ~ 1.2...1.0

@ Correction of detector effects using Bayesian iterative CDET < 5%
unfolding (RooUnfold)

% Propagation of stat. uncertainties & correlations with MC toy
method

% Cross-checked with SVD unfolding

+ Comparison of directly unfolded ratio R,, versus separate
unfolding of inclusive 2- and 3-jet spectra

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 92



CMS R,,: Exp. Uncertainties

A\

@ Jet energy correction, known to 2.0 - 2.5%: AR/R ~ 1.2%

% Provided as 16 mutually uncorrelated sources; fully correlated
within source; Gaussian behaviour assumed

% Dominated by absolute scale, followed by high pT extrapolation
@ Unfolding uncertainty accounting for: AR/R < 1.0%

+ Variation of jet p. spectral slopes following differences from
Pythiab Z2 (agrees with MadGraph) and Herwig++ 2.3

Variation of jet energy resolution (JER)

Addition of non-Gaussian tails to JER

@ Luminosity (normalization) uncertainty cancels

@ No assumptions on bin-to-bin correlations with respecttoy
necessary, only 1 bin considered

@ Statistical uncertainties propagated via unfolding

Klaus Rabbertz Berlin, 21.02.2013 Seminar DESY-Zeuthen 23
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