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Motivation

Accelerators and Detectors

Jet Algorithms and Jet Calibration
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The strong Coupling from Jets
Outlook

Multi-jet events, V plus jet production, forward jets, dijet correlations at
large rapidity etc. are covered in the next talks
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Multi-jet events, V plus jet production, forward jets, dijet correlations at
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@ Another time that one theorist keeps multiple experimenters busy :-)
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Jets ... so what?

L 22222

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

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

a Jet 1 p: 585 GeV

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 S




Jets ... so what?

o

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

Proton Structure
(PDF)

Klaus Rabbertz

(.MS/ CMS Experiment at LHCCERN
- o

Daté fesorded: Sun Jan 2F D8720:02 2010 CEST

.| RdniEvent: 1382501 114007131

= | Eumi'sections599

Proton Structure
(PDF)

Matrix Element Hadrons

Kielce, 18.09.2012 ISMD 2012 6



ﬂ The central Pixel resolved ... $=
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Initial State Radiation

P

ISIVID
< L)1 =2

P

S. Gieseke

Hadronization

Final State Radiation

PDF, Proton
structure

Not shown for simplicity:

Beam Remnants
Multiple Interactions
FSR off the hard partons

Klaus Rabbertz

Kielce, 18.09.2012
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Achievements

30 years ago ...
10’ . : | :
[ Detector dependent “Jets’;
+ LO Theory VA2
T + Shape not so bad actuallyH
?i 107+
NE 1072~
10‘3r
I0_610 ' % 1 %

Ey (Gev)

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).
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 8
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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).
Klaus Rabbertz Kielce, 18.09.2012

Achievements

i \/s=318G 5,

- Vs =1.8 TeV

L s =1.96 TeV

| Vs =7 Tev pip gt P o + P o P AL *

ISMD
2012
2222
... and today !
inclusive jet production ~ _ fastNLO_|f
in hadron- induced processes R 3

lh

\/s 300 GeV

(x 2500) Vs = 200 GeV pp

1
' e STAR cone 0.2<|n|<0.8

DIS

emav Hi  k; Q@ from 150 to 5000 GeV?
ooaoe ZEUS ky QF: from 125 to 5000 GeV?
Q&¥E (x 150)

' emsvo H1  k; Q% from 150 to 5000 GeV>
ooacs ZEUS ky Q7 from 125 to 5000 GeV?

| s =546 GeV (x 50) b
| o CDF cone 0.1<|n|<0.7 ﬁ i { - r
| Vs =630 GeV Wf pp-ba

e DJ cone 0.0<n|<0.5

o CDF cone 0.1 <|n|<0.7
e D@ cone 0.0<|n|<0.5

4 CDF k; 0.1<]y]<0.7
o CDF cone 0.1 <|y| <0.7
e D cone 0.0<|y|<0.4

o ATLAS anti-ky R=0.6 |y|<03
v ATLAS anti-k; R=04 |y| <03
e CMS anti-k; R=0.5 |y|< 0.5

| all pQCD calculations using NLOJET++ with fastNLO:

o|ujsey/B10-ab10jday s10el0id//.dpy Woly paureiqo aq ued ainbiy SIy} JO UOISISA 1S8je| 8y}

o (M)=0.118 | MSTW2008 PDFs | pg=pe=prp
NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)
L Ll | || ‘ L L L Ll 1 || | L L L L1 l
2 3
10 10 10
pr (GeVic)

ISMD 2012

fastNLO, to be updated, arXiv:1109:1310v2, 2012
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Where to go ...

(i 22222

Kinematic plane of process scale? vs. x

(\]> F T T IHIHI T T YIIIIW T T IlHHl T T TTTTTT T T TTTTIT T T TTTTTT T T IIIHJ: - Huge new phase space accessible
8108 T Aatlas and cMs (7 Tev) | in pp collisions at LHC
N\ E [ ] Atlas and CMS rapidity plateau
o - . .
107 == DO Central4Fwd. Jets - Many different final states to
- = CDR/DO Central Jets examine with high accuracy
106? ] H1
[ .
05! - A lot of progress on the theory side,
see previous talk
104 T T . .
- = - oee - Check SM predictions at high scales,
103 but watch out for corrections
- 2 Al negligible up to now
2 R - Wi
10 = M=100Cev _ ]
- ||Vt - Determine the strong coupling and
10 ¢ ’ IS test its running at high scales
| il |
1 = \\HH N - o
: HmHHHIHHHIHHHHHHHHH" 3 = - Improve on PDFs and precision of
0L M ] SM predictions
E 1 | IHIHl | | \IIII\‘ | | II\HIl | 1 \Illl\l 1 | IHI\I‘ | | I[HI\‘ 1 | III\H:>
-7 -6 -5 -4 -3 2 -1
10 10 10 10 10 10 10 J - Any new “features”?

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 10




Tevatron and LHC

Tevatron: 1985 — 2011 LHC: 2009 — present

26 years of p anti-p collisions Collisions of p-p, Pb-Pb, and p-Pb (13.9.12)
Runlil: E___=1.96 TeV 2009 - 2012: E_ _=0.9, 2.36, 2.76, 7, 8 TeV
Run II: record luminosity: 4.3 x 1032 cm2s' 2012: lumi approaching 8 x 10* cm2s-"

Tevatron

STl o

Main Injector '
(new) :
e l_‘_L_____ e >

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 11



Luminosity

Tevatron: 1985 — 2011 LHC: 2009 — present
26 years of p anti-p collisions Collisions of p-p, Pb-Pb, and p-Pb (13.9.12)
Runll: E___=1.96 TeV 2009 -2012: E__=0.9, 2.36, 2.76, 7, 8 TeV
Run lI: delivered int. luminosity: 12 / fb 2012: delivered int. luminosity: ~ 15/ fb
- - | | | I | I I | .
w Run Il Integrated Luminosity 19 April 2002 -30 September 2011 2 22:_ATLAS Online LumirIOSity _:
s [T I0]] oz ) —a0mE=TT E
11.0 ==Delivered 1.9 r/’ § 18 S 2011 pp N5=7TeV =
100 | / £ 4 —— 2012pp\s=8TeV =
=—Recorded 4 e — 7
9.0 / = il 7
}/ ; 14 ~ T t ]
8.0 V474 5 12F evatron .
270 .,/ / 10.7 D - J
go0 7 @ - .
'Eso {/,/ - 8:_ —:
4o - 6 =
30 LA L 4:_ =
2o p7d - -
. ‘D;’r 2__ -]
1.0 : -
0 | | | | |
O e e 0 | \ L
o M P g g e P g P o g O Yo O o Y R o, Yo O oy Sy Oo o, Sy, Oa o, By 53 P\Q ‘30 Oc'

Month in Year
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 12



ﬂ CDF and DO

(K

Silicon tracker: Upto|n|=2.0-2.5 Silicon tracker:
Drift cell tracker: Up to |n|=1.1 Fiber tracker:
Calorimetry: Up to |n| =3.2 Calorimetry:
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.

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 13



ATLAS and CMS

(LK

Silicon trackers: Up to|n|=2.5 Silicon trackers:

Calorimetry: Upto|n| =4.9 Calorimetry:

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

Total Waight : 14,500 t.
Overall diameter: 14.60 m

Overall length : 21.60 m SUPERCONDUCTING COIL
Magnetic field : 4 Tesla

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 14



Jet Algorithms

(K 22

Primary Goal: st 3 Jop , 20'M
Establish a good correspondence - Deposited Energy:
between: / % [ Hadronic
- detector measurements . - = " a i Electromagnetic
- final state particles and Track Hits
- hard partons =~ 105m
— ~ N
: ~ a S SHIHY

Two classes of algorithms: = Mesons: v ql(f Bavons: —
1. Cone algorithms: "Geometrically £ Kaons, Neutrons,

assign objects to the leading energy i e

flow objects in an event <10%m

(favorite choice at hadron colliders) & Quark
2. Sequential recombination: Repeatedly F‘: o

combine closest pairs of objects e |

(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  Jet1l

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 15



Jet Analysis Uncertainties 5%
@ Experimental Uncertainties @ Theoretical Uncertainties:

(~ in order of importance):

+ Jet Energy Scale (JES)

-~ Noise Treatment

% PDF Uncertainty
% pQCD (Scale) Dependence

% Non-perturbative Corrections

= Pile-Up Treatment + PDF Parameterization

% Luminosit
uminosity + NLO-NLL matching schemes

+ Jet Energy Resolution (JER) + Electroweak Corrections

% Tri Effici '
rigger Efriciencies + Knowledge of a (M,)

%+ Resolution in Rapidity

) )
%+ Resolution in Azimuth
% Non-Collision Background
o eee There is a lot to learn here from

Comparison to actual measurements!

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 16




Lk

Jet Energy Scale

DI

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)

(a) D@, 0.70fb"

ATLAS from 5/fb (2011)
(Z+jet channel)

ATLAS Preliminary

fs=7TeV, _[Ldt =47

anti-k, R=0.6, EM+JES

Total
Stat.

- Extrapolations

- Pile-up jet rejection

--- MC generators

- Radiation suppression
- Width

- Out-of-cone

e qOORw

--- Electron energy scale

g
*E‘ 3.55_ Reone = 0.7, njet =0.0
E 3.0 — Total - = Showering
o 250 ---Response - Offset .
g = 4 > 0.05
=] o 1€
= c 5%0.045
S = 1% 0.04
3 = 12
S E 3120.035
LL .
0.03
0.0 ! . ; —
50 60 100 200 300 400 0.025
corrected jet p_ (GeV)
T 0.02
0.015
0.01
0.005
()

"",L'Ud:)””“”““de!l,‘»‘/H‘HH‘HH‘HH
o gl
F]

p’Te' [GeV]

ATLAS, EPJC 71 2011; arXiv:1112.6297; CONF-2012-053; CONF-2012-063
CMS, JME-10-003; JME-10-010; JINST 6 2011; DP2012-006; DP2012-012

DO, arXiv:1110.3771; DO prel. 2006
Klaus Rabbertz

Kielce, 18.09.2012

Est. Range of JEC uncertainty (%)

Approximate development
of JEC precision

BRRLL
15

10 -

||||I'I'II| ||||I'I'II| ||||I'III|_I'I'I1TI'I'I|_I'I'I'I'ITI'1_I'I'I'ITI'II|_

KR Preliminary

ATLAS, | < 0.3, p; > 30 GeV
CMS, |n| < 0.5, p; > 30 GeV
DO, [n|=0, py > 50 GeV

CDF, 0.2 < |n| < 0.6, p; > 20 GeV |

|

-6 -5 -4
10 10 10

|||||||‘ |||||,|,||| |||||,|,||| L1l

10° 1021007 1 10
Integrated luminosity (1/fb)

ISMD 2012 17




ﬂ Jet Energy Scale and Pile Up

(LK

But:

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

ATLAS Z — pp candidate

with 25 reconstructed primary vertices:

CMS from 5/fb (7 TeV, 2011)

CMS preliminary, L 4.9 fb1 \s=7 Tev

Klaus Rabbertz

Ly | 10 T T T LB T LI B I B )
§ . —Total uncertainty -
> 9 - Absolute scale ?
£ gk * Relative scale
© - Extrapolation ]
S 7 = Pile-up, NPV=8 -
= 6E ~Jet flavor =
= - + Time stability =
51 =
8 5 Anti-k; R=0.5 PF ]
= 4 . }=0 -
3
2 E
0% 100200 1000
P, (GeV)

2222

CMS from 1.6/fb (8 TeV, 2011)

CMS preliminary, L = 1.6 fb' Vs=8 TeV

Y
o

N—

Pile-up
effect

JEC\uncertainty [%]

==

[ ] 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

O OO N W s OO0 N 0

Kielce, 18.09.2012

ISMD 2012

CMS, DP2012-006
CMS, DP2012-012
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All Inclusive

CEissas D)

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

Everything counts ...

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012



Inclusive Jets S

ISMD
2 L) 12
2
Many new results. 5 10'E D@, 0.70 to” ° 1yl<04(x32)
O 18 o 0.4<|y|<0.8 (x16)
= 7 10 . .
Agreement with 8 . = 0.8<lyl<1.2 (x8) d?c 5
= g = o 1.2<|y|<1.6 (x4)
predictions of QCD g 10¢ s 1.6<lyl<2.0 (x2) X Qg
over many orders of g1 » 20<lyl<24 dprdy
- R 2
magnitude up to =10
g - - p 10
2TeVin jet p_ 1
1075 \s = 1.96 TeV anti-kT, R=0.7, 7 TeV, 2011
. 10%E Rgone = 0.7 CMS Preli L= 47fb‘f 7 TeV anti-k, R =0.7
antikT, R=0.6, 7 TeV, 2010 o5, ™" ' o101 T, D
o4 : . A = e |y <05 (x10% =
% 10°% = antlkl let; A' olsl T T Y |yi<£)3l(xl 1|042 :: +non-perturbative corrections Lii :: B 05<ly <10 (><103)::
O] 102'E F| Ldt=37 pb™, \s=7 Tev 2 gg;:ﬂ:?gg}g; e CTEQ6.5M  pg=u-=p; 2 10"L 4 10<]y<1.5(x10%) ]
B 1018 f_—o—_._ O 12<|y|<21 (><10) . L | | | L & v 15<]|yl<2.0(x 100
2 . e " g;zlwy';gggz:g)):: 50 60 100 200 300 400 600 = 0 20<y| <25 (<109
%1015:: —e—_e__e_ —o—_.__.__._ Y 36<|y| <44 (x10° ):_ pT (GeV) 6 v f
[ —O0— —o— — . . — L ]
gH0¥PE T e, e e 3 MidpointCone, R=0.7,1.96TeV o [ -
-~ g f=8= —— —O— -o- — =] = E
o) 107 —g— —_ . - =~ - -
o = e - -6, 3 © — E
© 106 e e - e 3 o i |
C —— —0O- == == _] - — —
1P . T®s_ " ==_ 3 PQCD ® non-perturbative - -
{Fm **_A_**+*¥ e T3 corrections - -
= 5555 —_— 3=c] — — —
1 &= stematic - &= — = =
0-6 f:-l:‘ ﬁr{ctertair:ties — E@ 3 = ~ NNPDF2.1 u=u =p —
= L = 10°F  noenp B
1079 B Nonpert oo | ATLAS | ATLAS, arXiv:1112.6297 - e L ;
CMS, PAS-QCD-11-004 (2012) 0.2 0.3 1 2
20 30 10?2 2x10? 10° »
p. [GeV] DO, arXiv:1110.3771 Jetp_ (TeV)

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 20




LHC Data and PDFs

R 22

Comparison only of ABM11 PDFs First global fits including LHC data !

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

NNLO(approx,) te=Hp=Er 2 observations:
£ — ABMII : Y=0.75 - slightly smaller uncertainties in NNPDF23
S15F MSTWO08 o ghtly
s | o : B —H”ﬁw - measurement always lowish at high y
- 1 . - = | " - = 1
-‘é’os HHW fopeetty %HHHHHW ATLAS Inclusive jet pT distribution (2.1 < |y| < 2.8 )
i | Y=025 | | | S B B L B
3 3 1_2__ / __
. Y=125 | Y=115 N .
1.5 - - -
: - = : - - ™ q= CEET OO ‘&é&%‘(@ ]
s [t N o
|l LT _.
; | e | l z .
: Y=225 | Y=275 2 0.6 -
1.5 r | ® CMS g B 7
[ [ © ®
R i | - - -7~ - pulll) 3 Uph o 04 e NNPDF2.3 NLO B
- ¢ ‘ - anti-k B : i
s %HH’HHHHT { ; HHHHHH R=05 0.0k NNPDF2.1 NLO E
| | | | ” | —e— Experimental data i
T N N I AT BRTTS SR
10° 10° 10° 10° % 100 200 300 400 500 600
E; (GeV) E; (GeV) pT (GeV)
ABM11, S.Alekhin,J.Bliumlein, S.Moch, arXiv:1208.1444 NNPDF23, R.D.Ball et al., arXiv:1207.1303

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 21



PDFs and matched Showers

LK 222

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
1.5 + — -1
L dt=37 pb m L dt=37 pb
AR ﬁ
OO LIRS e 0'0:47"_""22‘:".: —
E 1 e S G = o By ,-'“,:Z:}J::;g;z:g \s=7 TeV - 1 \ St'7kT('eY[ A-0.6
o =& antik, jets, R=0.6 Z anti-k, Jets, F=0.
S z Data with
=0.5 : o 0.5 statistical error
o - — Data with 215 )
=1 5 ®— statistical error @ - Systematic
S:U N |II o uncertainties
:999-;5\1 [] I=a7g .
St — S (% 900 Systematic
1 s it ia 000 00 & 0 uncertaintes 1 NLOJET++
= B MR < QA O (CT1 0, L‘L=p_r;1aX) %
0.5 NLOJET ++ (H=P$ax) % 0.5 Non-pert. corr.
150 = 1 Non-pert. corr. 15 POWHEG
O ] A (CT10,u=p>") ®
AR - R < % CT10 1 PYTHIA AUET2B
1 g Py Sy oT10
e b 7 - (CT10, M=p_BI_orn) ®
0.5 ] MSTW 2008 0.5 PYTHIA Perugia2011
150 ' S ] 7] POWHEG
L 4 - _Born
& 11--- NNPDF 2.1 ] v CTou=pr"®
R S ——— ] == _- HERWIG AUET2
1 Z:::,‘:t:::;:z::::ﬁiﬁ‘f?g&?&fQYA"0*9}5":Y:Yz'{.o}ot_;0.:3?0;:; % — - XX S mZS i
e = g @ 1 i ] POWHEG fixed order
i 10 HERAPDF 1. - ] =p2°r
0.5F 12<y]<2.1 il ° 0.5 T2=lhi<2t = SHO,L;F)T :
5 2< . o : " 1 on-pert. corr.
20 30 102 2102 10° 20 30 10° 2x10° 1%: v
e
p_1GeV] NLOJet++, Z.Nagy, PRD68 2003, PRL88 2002 P, [GeV]

POWHEG, S. Alioli et al., JHEP 1104 (2011)
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 22




Non-perturbative Corrections

ISMD
20172
w 3.5
Recipe used at Tevatron & LHC. A -
- take LO parton shower (PS) MC A A
- derive corr. for non-pert. (NP) effects, 8 T antik, R =07 *Cuo
8 2.5

i.e. multiple parton interactions and
hadronization

— assume PS effect small on NLO

— assume NP effects similar for LO,NLO

N

NP effect: C** |
PS effect: CPSEENLO

N Pythia, |y| < 0.5, R=0.7 e
S, f  mkR=07 - cly “E POWHEG+Pythia, |y| < 0.5, R=0.7
- [ I 1 Lo | ] | ] bl
- NP effect: C"* 20”; v o e 1 ;Je{;T(Tevfc)
— e e
15*¥% PS effect: C™ |
ey Observations:

TIT T

.
x ot L,

- assumptions fine at central rapidity
(not shown here)

05 - NP corrections larger for R=0.7 than 0.5

C ] - for |y| > 2 PS effects visible

2x10% 3x10 10" 2407 30" H. (Tevfc) Figures courtesy of S.Dooling, H.Jung,
20 GeV 1 TeV' P.Gunnellini, P.Katsas, A.Knutsson

Klaus Rabbertz 23
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K

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

Also need urgently NNLO, since
only at this precision will alpha_s
results be considered in Bethkes
world averages!

[nb / GeV]

do / dp;

22

—— QCD - a2

= QCD-Electroweak ~ o o

Electroweak ~ o

LHC 14 TeV

10 - : | : I = |
- LHC
80 | —— QCD qq-qd. 9994, .. ]
60 | —— QCD gg—gg .
10 i =  (CD-Electroweak i
——— Electroweak

20 ]

O_ | L ————_——

500 1000 1500 2000
pr [GeV]

A. Scharf, arXiv:0910.0223

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 24



alpha_s from inclusive Jets A

I\J-
oW
-
NG

P

CDF: . (Mz) = 0.1178 £ 0.0001(stat) "9 poss (expt.syst)
DO: o, (Mz) = 0.11611) 054 (total)

M/S: as(Mz) = 0.1151 £ 0.0001(stat) & 0.0047 (expt.syst) 0003 (pT, R, i1, PDF, NP)
Problem:

Via the PDFs assumes the validity of the running of alpha_s according to the RGE
DO explicitly restricts phase space to where the RGE is already established.

o, (p7) from inclusive jet cross section
0.18 . . — T T 1
X 016 i in hadron-induced processes S C ‘ = ‘ _
—~ 017 F 4 0.2 =, 016~ o e 0<|y <03 |
~ [ —, 0.14 | + . o H1 %z = D |y : =
-+ B =012 | ) + i 3 - = = 03<]|y|<08
\LI—J—W 0.16 N ;/U” . E‘“‘v— ete g @ °e —_ A ZEUS — SE 08 < |y‘ < 12 =
2 g 01 F ~ 0.14— = v o12<ly|<2.1 —
S o | 0,08 Bl 2 B e DO C o o 21<ly<28
200 050 100 150 200 250 300 350 400 450 | " 0.15 r B C 28<|y|<36
§O14 Y 0.12— 36<y <44
S b e - C i
5 o013 | | +0.0041 I
3 : ##q-’. 0.1 F B3 a,(M,)=0.1161 "5504s 0.1 o -
g 012 -, . + T (DY comblned flt) o B T + ]
= - [ 2 [ ]
? o | oe L AP ) —~ 0.14 0'08,_ -
~H = o2 d dab g b4 B i
01 ~ ) ] I T# T + ++++%%++ r . N
s o4k | 0.06— i Using ATLAS data —
[ ) : = : : : : : ! — B Il Il Il Il Il Il Il ‘ : Il Il Il Il Il Il Il Il ‘ i
10 |- 2
o T, Systemanc unée/r{a/é/t/les///// 10 10 107 10°
T TR R R pr (GeV) P [GeV]
CDF, PRL88, 2002 DO, PRD80, 2009 Malaescu/Starovoitov, EPJC72, 2012
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Incl. jet Ratios of 2.76 /7

o <
New result from ATLAS: r© 15" . AT.LAS
- cross sections at 2.76 TeV O Prefiminary
-ratiosto 7 TeV = jL dt = 0.20 pb”’
- ratio to 7 TeV divided by theory o
prediction (NLO, CT10, X NP) 5 0 = G2 76TV / 7TV
Shown -~ @
- study on PDF impact : anti-k; R = 0.6
Z Data with

—e— statistical
uncertainty

At least partial cancellation
of uncertainties

Systematic
uncertainties

]

— more precise comparisons NLO pQCD
X non-pert. corr.
Remark: CT10
Other interesting ratios ... —— MSTW 2008
different jet sizes - - - NNPDF 2.1
[GeV] = : * HERAPDF 1.5

ATLAS, CONF-2012-128
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 26
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Dijet Mass

QreR D
=1 015 5 2
N DO,L=0.7 fb! s20< Y],y < 2:4 (x10)
Many new results. 10" s1.6<ly| <20 (x10°) d o 2
: . 3 Ns=1.96TeV .io. Iyl, ., < 1.6 (x10°) X
Again agreement with S 01 Rune=07  *08<hiu<120) o] ]} {J,Jd[|y|maa: y*] s
T e 00.4 0.8 (x10 )
predictions of QCD 5 2o W <0800
E max
over many orders of = 10
maghnitude! %10’
= 5
_ T 10 > .
anti-kT, R=0.6, 7 TeV, 2011 © 5 anti-kT, R=0.7, 7 TeV, 2011
— 10 10
= 107F Systematic v 205y <25 (x10%) 911009 i CM‘S F"r ‘I'rln"nl @ L, <05(10°)
o 1 15_—D uncertainties O 15<y"<20 (x10%) ] 10 -NLopacD . Q B ‘ eliminary 05<lyl , <1.0(x10") |
E 0 i é] é.gfzfl.g &182; ] +non-perturbative o @) = \s=7TeV m 10<ly  <1.5(x10%)
8 . 13 Fo NLOJET++ ) Sy a0 -1E corrections o) = L=50fb" O 15<ly . <20 (x10°)]
" 10 __ :\clz)Tr:o,ei:ia;:xp(o.Sy px @ y'<05 (107 _: 10 He=Hg = (pT1 + pT2)/2 & 106 — anti-k; R=0.7 v 20< |§\max <2.5(x10*)7
-é’ 1011__ pert. .g. — 10_3 o v v b v v e Ly é O —— —— -
£ b . e"%% = 02040608 1 1.214 _= L - =T, =
— === — > L. =o - _|
% = ****.... Oee% Eﬁsm B MJJ [TeV] i=2 10 — g *—.-_E-TF e -
o 107 Fey *s. By M= 1 MidpointCone, R=0.7,1.96 TeV = [ -~ - T_* N
= o p=T5% = ey > - —— —_ - T X -
105 — +-.-_._ EEE ”i &) — © 1 — - == - = —
__ e, Sa " B o) L .- < W Ty |
sl - Ss. m _ N i -, T = N
10°E LY EE = o - s == —_— -
— ATLAS Preliminary e, %E == = 10°% - e ™ _|
10F anti-k, jets, R=0.6 e, = | — 1 = pave -~ T ]
= : *e, == ] — M =p=pl -~ -
forif ve=T TV [Lai=asm’ - . = NNPDF2.1® NP Corr. - =
— 2011 Data == — ']06 — '?' -
18— a1 | L TR — ATLAS, CONF-2012-021 (2012) ‘ L . R
3x10" 1 2 3 4567 CMS, PAS-QCD-11-004 (2012) 200 1000 2000

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 28
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0, / AMy,, (Pb/TeV)

L

3-Jet Mass

2222

+ Sensitive to a_ beyond 2—2 14 F | © Data/Theory (MSTW200)
s L e e | e KR Range of y, ; variations
process 1 ] PDF uncertainty 68%CL
> 08 | == CT10/MSTW2008
%+ Known at NLO (NLOJet++) 3 o6} ;
= 04 1 M=M= (Pry + Pro + Prg) / 3
% Sensitive to PDFs g 14 AN E
QO 12 | -
% |nvolves additional “scale” :
Prs 06 | RE i |
04 F Ivl<24 pT3>4O|GeV AE Ivl<24 pT3>7O|GeV |
10 °F D@ o ly[<2.4 (x4)|F ® p,>40GeV (x4)|6 08 1.012 04 0506 08 1012 04\0506 08 1.01.2
10 *F = lyl<16 |[ O pry>70 GeV (x2) My (TeV) |
3' A |y|<0.8 B 0 prg> 100 GeV
10; po; > 40 GeV | ly| < 2.4
107 x % Most PDFs work ok, CT10 is off
10 ¥ DO investigated 3 different
B Y | T threshold d
10'1:_ Vs =1.96 TeV — NLOpQCD 30W9I" P resholds p,,an
g _ ) plus non-perturbative corrections max.r i
T A T e ax.rap-y d03jet 3
04 0506 08 1012 15 04 0506 08 1012 15 dM _ X CES
DO, PLB704 (2011)| M3er (TEV) My, (TeV) 3jet
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 30



Chi? Comparison to central PDF

e 2222

m i D@ L=0.7f" |[ —® MSTW2008 |[ {1 HERAPDFv1.0
I= I [ .-~ NNPDFv2.1 |[ O ABKMOINLO
8_ 150 [ Wy = (PrytPotPrg) /3L =¥ CT10 B . K
IS - : -
3 i i I EI .
100 = . Pt
2 - ! : ---F
= 20 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 Kielce, 18.09.2012 ISMD 2012 31



3-Jets and a

(LKL 222

@ Avoid direct dependence on PDFs and
the RGE

@ Use cross-section ratios!

@ — reduces also scale and exp.

uncertainties along the way —_ <::> a

@ — eliminates luminosity dependence

S

D0 proposes a new observable:
The average number of neighbouring antprolon

Jets in an inclusive jet sample: ioBien
RAR

Depends on 3 variables:

- inclusive jet pT

- distance AR (in Ay,A®) to neighbour For other interesting 3-jet quantities

- min. pT to count neighbour jet see talk by N. Varelas

DO, arXiv:1207.4957
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 32




New jet angular correlation
Observable from DO

22

4\
|
i

10 F - D@ L-07f"|F — 4 22<AR<26
B guE i A B - ® 1 8<AR < 2.2
i Le%%e ¥ | - L _|F e14<AR<18
~c | / i "ef i :
g2 E Y. I ? | i
> 10k - - -
% = Hr=Ur=Pr |E - -
- - MSTW2008 PDFs | - -
(=1 i I I i
z | — NLOpQCD + || I i
a4 5| hon-perturb. correct. S = 196 TeV
10 2 2 3
C p™ =30GeV|f p™ =50GeV|f p™ =70GeV|f ¢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)

avs(Myz) = 0.119170-098 (total)

0.0007 0.0002 0.0010 0.0000 0.0046
+£0.0003(stat) + 50009 (exp-) +g.0001 (NP) +T0.0005 (MSTW) +T55024 (PDFset) +T55066 (scale)
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 33
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Strong Coupling a_

World Summary of alpha_s 2012, S. Bethke:

DI

But:

o Jet data from hadron colliders
t—de.cays To—| ats(Mz)= 0.1197 +0.0016 not included!
Lattice o/ s(Mz)= 01185 +.0.0007 Jets at NNLO urgently needed!
DIS —O— : asMz)= 0.1151 = 0.0022 Recent progress reported by
) o | Th. Gehrmann at QCD@LHC.
ete” annihilation +—OT— ts(Mz)= 0.1172 £ 0.0037
Z . | Mo 01197 4 0.0028 a,(Q) from jet and event shape data
pole fits '—:-O—' M= 01970002 0.22 |- ® DO Ry
N PP TP P T 0.2 © ® D@ incl. jets
L ¢ ALEPH evt. shapes
0°11 0'12 0'13 0.18 < JADE evt. shapes
. A ZEUS incl. jets
as (MZ) 5 0.16 [ ¥ H1 incl. jets
> as(Mz)=0.1184 + 0.0007 poeaoia) S 014
0.12 |
NLO alpha_s in global PDFs: -
ABM11: 0.1134 (NNLO) 01 =3 RGE for
CT10: 0.1180 - M,) = 0.1184 + 0.0007
GJROS: 0.1178 008 | =~ %MA=0TIERE0
u§$ov2|3§;_-51 %111270% 10 20 50 100 200 500
NNPDF2.1:  0.1190 Q (GeV)

Klaus Rabbertz

Kielce, 18.09.2012

(compilation by DO)

ISMD 2012 34



ﬂ Outlook

@ Hadron colliders are (multi-) jet laboratories

o

@ 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

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 35



ﬂ Outlook

LK 222222

@ 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

Many thanks to you for your attention and
to the organizers for the invitation to speak here!

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 36



ﬂ Backup Slides

ElE @ E s D222
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KL

Primary algorithm at LHC:

-~ Anti-k_:
ATLAS R 0.4,
CMS R=x0.5,0.7
i kT
-~ 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

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

Kielce, 18.09.2012

T
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Klaus Rabbertz

ATLAS JES 2010

P

I I LI | I I T LI |
—  Anti-k, R=0.6, EM+JES, 0<|n| < 0.3, Data 2010 + Monte Carlo QCD jets  _
. ALPGEN+HERWIG+JIMMY v Noise Thresholds ]
X JES calibration non-closure « PYTHIAPerugia2010 7
O Single particle (calorimeter) o Additional dead material-
| Total JES uncertainty )
B ATLAS i
y e
O é * Iﬁ 0 El o _
o X x x ¢ § . _
L = - = ? _
| | I' | ‘ | I$| ’
30 40 10°  2x10° 10°  2x10°

P [GeV]

Kielce, 18.09.2012 ISMD 2012

I\J-
-
NG




ﬂ Inclusive Jet Measurements

e 2222

All jets 1n the event
satistying the selection criteria

d*c N l :
— jets < Chnem. Master Equation
dprdy _e-L{Apr - Ay
/ Unsmearing correction
= Jet Efficiency Bins of corrected Jet Pt (due to the ﬁnit‘:: detector
= FEvent Efficiency and Jet Fapidjty Pt resolution)

l

Luminosity, common| | The JES dominates the

uncertainty to all total uncertainty of the
measurements measurement

K. Kousouris

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 40



ElESlS @@

Inclusive Jets

o (7) a9, > |
— S
< I q,9; — jets |-
= (3) 99,99 — jets, X, > X, _
@) — jets
5 0.75 — Xt = 2p;/sqrt(s)
el
= 0.05 0.1 0.2 0.4
g - _ 1 | | | | | | | | | l
o % Inclusive jets: Tevatron Run Il ]
- | 9O 0.8 ]
G 05 = ly|<0.4
= Q : i
_ | = 06 qq — Jets -
(1) 9g — jets 3 y
0.25 | < 04 [ —
fastNLO g i ]
Inclusive Jets ..(:5 B
" Anti-k;, R=0.5 . s 02 :
LHC Vs =7TeV 0.0<|y|<0.5 o - gg — Jets
0 1 L1 1 11 | 1 1 1 L1 1 11 | 1 1 0 [ | | | | | | |
10 2 10 50 100 200 400
XT pT (GeV)
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 41



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
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1.5

1.
° L dt=37 pb™

e
1 FRRRXXAXS
ST

Ratio wrt CT10

TS X,
1 Ry

Yoo =

o e ETE XA
° EErSkl \s=7 TeV
l— S, ’A‘;‘
O N anti-k, jets, R=0.6
—
= B
; .
> 0.5 o Data with
'c‘_?s' 1.5 statistical error
o i

a [ o

T e e et S 90 iti
1 RS Systematic

2 v a%et Uodee % uncertainties
]

- __j;amax
05 NLOJET++ (u_pT ) X

0.5F

Non-pert. corr.

. 1.5 ]

0.5~ 08sli<1

08<|y]<1.2

.

47a%" YTV,
S

=

PN
¥

e CT10
KX Prsaee (b Al ]
wcg,_~‘a;,yézozg;:&::‘:{§:0‘:
e s

— MSTW 2008

1.5F

OB
RS,
e e

DX P
KIRKS

0.5F 1.2<y] <2.1

NNPDF 2.1

HERAPDF 1.5

] 0.5F 12<y| <21 .

20 30

10° 2x10°

Klaus Rabbertz

10° 20 30 102 2x10?

Kielce, 18.09.2012 ISMD 2012 43



DO Inclusive Jets - PDFs

. [DQ,070f6" Rene=07  FNLOpQCD Mg=Hg=p; F * Data | :
;! 1.5F —F +non-perturbative corrections + Systematic uncertainty 3
> f N ! :
L 1_0__¢—:C—D—.r'&ee££é£-!—!—!fff_"_°'_.::_r T ] E
E : 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\ NNNNNNNNNTS I\\\ AN N 4
§ NLO scale uncertainty ———— NNPDFv2.1 with uncertainties
o 1.05— ] .
('DU C I ] ]
0.5¢ T T ]

5 OE 1.2\|y|\< 1.6 — T 1.6yl <\2.9 i} I %\O |yl <\2.4 PN _

50100 200 300 _ 50 {00 200 300 _ 50 4100 200 300
P (GeV) p; (GeV) P (GeV)

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 44




Non-perturbative Corrections &=

ISMD
2012
Recipe used at Tevatron & LHC: §E Lo
- take LO parton shower (PS) MC E°F Yoewiees s
- derive corr. for non-pert. (NP) effects, £ T anti-k; R=0.5 e
i.e. multiple parton interactions and ° B0 . ANP
hadronization F NP effeF:t. C NLO
— assume PS effect small on NLO - L¢. (OPS
— assume NP effects similar for LO,NLO 15 PS effe tC NLO
P E Pythia, |y| > 2.0, R=0.5 LS S e o avoan: e
% 3:_ Vs=7TeV _“_chP :_
Sp et - POWHEG+Pythia, |yl > 2.0, R=0.5
E NP effect- CNP ] 2x102 3x10?2 107 2x10" 3x10™ 1Jet . (Tewzc)
2— - L
n 20 GeV 1 TeV
E PS effect: C™ |
- Observations:
es - assumptions fine at central rapidity
O-Sf— - NP corrections larger for R=0.7 than 0.5
- g " | - for |y| > 2 PS effects visible

1 1 1 1 1
2x102 8x10? 10 2x10" 3x10™

! 2 Figures courtesy of S.Dooling, H.Jung,
Jetp_(TeVic)
20 GeV 1 Te\/JT P.Gunnellini, P.Katsas, A.Knutsson

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 45




DI

0.4f DO, L=0.7fb"

E S = 1.96 TeV

: - Reope =07
0.2-._.|...1...|...|...|...|...|._. cone | PP BPETET B
2.2F .
of 1.2<|y|max<1.6:: 16<|y| <20
1.8F : :

1.6 3
1.4 :
1.2 3

i ;-
0.8f 3
06_ ® Data/NLO _u ].L variation

0.4F |:| Systematlc Uncertalnty

--- MSTW2008 Uncertalnty

02040608 1 1214 02040608 1 1214 02040608 1 1214
M, [TeV]

ISMD 2012

Klaus Rabbertz

Kielce, 18.09.2012
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Dijet Mass ATLAS S

L 2222

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 ...

— * - -
1 — | cos ©F| Negative NLO cross sections appear

= 10%Frm T — when checking scale uncertainties p = /2
% = + 40<y* <44 (x10'°)
= 10272 Systematic V. 35<y'<40 (x10%)

_8- :_ uncertainties Z g_gfy*<g_g (x}gw)_: Q|_ 4_5:1 TT 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 T [T71 l:

— 102 = v 20 gy* : o5 g 102)) s 5 — Factorization and renormalization scale for dijet cross section -

X il NLOJET O 15<y*<2.0 (x10% 9D 4 0.3y .. -

%‘ il (CT10,u:,l+7 exp(0.3 y*)) x A 1.05¥*<1.5 §:10‘;; _: o - — u=pe g (binned) .

= 102 Non-pert. corr O 05sy <10 (x10) - - e

£ _— pert. corr. o y*<05 (x10°) J qf; 3.5 -.- w= m,,/2cosh(0.7y*) Pl

2 18 =2} = = - e .

L\_lg 10 C ATLAS %%? 4 § 3:— --- u:pT ‘ “y‘ —:

1 015 :— ** BA _: -..6 :_ """‘¢ —:

= '9'.9._6_ -‘,‘Mgéﬂém - 555 o 2.5: — .

120 _ = - .

10°E *—-—_‘__‘_ Sy, e T g 2ok Follows plateau region —

10° 2 T ****iaaaa@% o ] - — stable cross section 3

—— - _ il ]

s ° -,  Ea P - 1'5: -

10°F e, E%%%e — | -

- ®o. - T — S T =

10° = anti-k; jets, R=0.6 ."0.... s - _ ) -

5= 7TeV, IL dt = 37 pb! - e 3 0_5:— ATLAS Negative NLO cross section =

1 __I | | | | 1 I | | | | | | I__ 0: | | | | | | | I :

107 2x10™ 1 2 3 4567 0 05 1 15 2 25 3 35 4
m,, [TeV] y

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 47




DO Angular Correlation --- Ratios

(s D222

™ =30GeV  p™ =50GeV p"™ =70GeV  p™ = 90 GeV
- Tmin - Tmin - Tmin - Tmin o
S 4t DO - - E—MSTV»_’ZOOS PDFs X
= - $3e000,, ¢ - $ veeted  |I ¥ - : D;E
= 08 F 5_q196Tev |F 3 E Mp=KRe=Prg
3 06 _IIIII| | | | [ IIII| ] ] ] _IIIII| ] ] [ IIII| ] | |
S 14 F L=070" |5 - -B PDF uncert. |5,
S 12 E = = = theory uncert| A
s T EaRetbesets ] z;{ abastt I : : =
D 1 [ [ [ n
- - - = A
Q 08 b - 3 3 N
g_ 0,6 __IIIII __I L1 11 | | | __IIIII| ] | | __I I | | ™
o b P [ | ;
2 12 Flpashig _ii waatsit F o 3L 4
—~ 1T B — — _—M 9]
T o - o u A
s 08 p 2 2 2 ol
-G 0,6 __IIIII| ] ] ] __I IIII| | | | __IIIII| ] | | __I IIII| | ] ] E:O

50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400

p; (GeV)
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The ATLAS Detector

D222

Inner Detector (ID) tracker:

» Si pl)(e| and Stl’ip T Muon Detectors Electromagnetic Calorimeters
transition rad. tracker AN \

. o(dg) = 15um@20GeV P 4 ‘ \\ sokrngig N Forward (zalorimeters

«  0olpr=0.05%p: ® 1% 2/ \

Calorimeter

« Liquid Ar EM Cal, Tile
Had.Cal

+  EM: 0¢/E = 10%/E &
0.7%

*  Had: o/E = 50%/E &
3%

Muon spectrometer

*  Drift tubes, cathode

strips: precision tracking
+

« RPC, TGC: triggering
«  olpr=2-T%

Magnets

« Solenoid (ID) — 2T

«  Airtoroids (muon) — up

i Inner Detector . ' ' ieldi
to 4T BB e Hadronic Calorimeters Shiglding

End Cap Toroid

Full coverage for [n|<2.5, calorimeter up to |n|<5 See also JINST 3 2008 S08003

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 49




The CMS Detector

EEE @ s 222

Inner detector (tracker):
. Si pixel & strip tracker
. o/p, = 1-2% (u at 100 GeV)

MUON CHAMEERS | [ INNER TRACKER | | CRYSTAL EGAL
] .r 7

-

-

HZA
Zamm o o / - Calorimeter:
P SN e - PbWO4 crystal ECAL,
VERYFORWARD ===== brass/scintillator HCAL
: e e - ELM:0/E =2.8%/\E + 0.3%
- HAD: 0_/E = 100% /NE + 5%
Muon system:
¥ . Drift tubes, cathode strips,
.I resistive plate chambers

. o/p =10 — 50% (muon alone)
_ . = 0.7 — 20% (with tracker)
Magnet:

. Solenoid — 3.8T

Total Weight  : 14,500 1. B i
Overall d%mﬂt&r: 1460 m / -""'"-__ -
Overall length - 2160m | SUPERCONDLCTING COIL | =

See also:
PTDR | LHCC-2006-001,
JINST 3 2008 S08003

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 o0

Magnetic field : 4 Tesla




OO0

ﬁngang objm

Y
— berechne alle Abstande — kombiniere Objekte i, j mit eklariore Obiekt i a
dij’ dg Minimalabstand: - f'e Iar'eJret pjekt 1 als
— finde Minimalgbstand d___ P, =RS(p, p) inaien Je |
Harte Objekte
werden zuerst
geclustert!
- -2 =2 AR’@Qj
d;; = min (pT’z. : pT’j) —5

e — ;2 2 2 2
Ausgangsjets dzB — pT,i ARij = (yi — yj) -+ (qbz — (bj)
p;; i=1,...,nj; n, <n
RS: 4 Ellis, Soper, PRD 48, (1993).

-Vektoraddition: p, = p. + o
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 o1



DIIPP %

ﬁngang objm

1 Y
- wahle eine Ankgahl m Start- — erzeuge Projojet . i
objekte aus, typischerweise — iteriere Absthndstest fiir Fur alle Proto-Jets j startend
Uber p,, > p, | — Proto-Jets j alle i mit Kopus um p_ bis m'f hochstem p.: _
’ ’ Konus stabil — Proto-Jet — finde Proto-Jets mit gem.
Konstituenten

_ nein — gibt keinen — finaler Jet
ja — sonst berechne iiberlapp in p;

— falls > proz. Grenzwert
— merge Jets

— sonst assoziere gem. Kon-
stituenten zu nachstem oder
harteren oder ... Jet

ja

— addiere p,im
»| Konus zu Proto-Jet j
P, = RS(p, p)

C,lsgangsjeD<
p.; i=1,...,nj; n, <n
AR} = (yi — yj)° + (¢ — ¢5)°

1]
Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 92




IC-SM Problem

(LK 222

Iterativer Konusalgorithmus mit “Aufspaltung und Fusion” (lterative Cone with Split/Merge,
IC-SM) — nicht alle Objekte enden in Jets, z.B. falls kein Startkonus in der Nahe (dark Jets)
— kollinear unsicher wegen minimum pT auf Startwerte
— infrarot unsicher ...

jet jet jet jet jet
soft divergence
W W W
(a) (b) (c)

Reparaturversuch: MidPoint Cone — Untersuche zus. alle Mittelpunkte zwischen Startkoni

— ebenfalls unsicher, fallt aber erst bei komplexerer Topologie auf
Erst spat gefunden: Wirklich sicherer Algorithmus Seedless Infrared-Safe Cone (SISCone)

— wegen 2 Grossenordnungen grosserem Rechenbedarf kaum benutzt
Jetography, G. Salam, hep-ph/0906.1833

Klaus Rabbertz Kielce, 18.09.2012 ISMD 2012 23
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