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A\ Dijet Mass

P .
. . pQCD ® nonperturbative
Compatible with QCD d“o X 042 and
- over many orders of magnitude in o s electroweak
Y J dMJJd|yma3; | corrections

- over 2 orders of magnitude in M.
C e . 2
- up to rapidities of ~ 5 d-o | N
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No EW for older CMS study.
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A 3-Jet Mass e 3

+ Sensitive to a_beyond 22 dos3 et
je 3
+ Sensitive to PDFs dM3; et s
JE€

+ Involves further scale p_,

+ NLO with 3-4 partons (NLOJet++) Ratio to gl:)elfry for
various S
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N\ Reducing Uncertainties 1 &

@ Measurements so far: Absolute jet cross sections

+ Inclusive jet pT or dijet and 3-jet mass cross sections:
- Most complicated, require all uncertainties to be under control!
@ Reduction strategy 1: Jet cross section ratios

% Dijet mass cross section ratios in rapidity —— new physics ?

+ J-jet to 2-jet cross section ratio —— strong coupling a_

- Many uncertainties cancelled (luminosity, ...) or reduced (JES, ...)

. ; o N(‘n1’2‘<0.5)
Centrality ratio = 5 57—

n—ratio
v New Physics
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=

Both leading jets \
in specific
n region

) ~ strong coupling a_
jet3

dijet mass
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A Reducing Uncertainties 2 .

@ Reduction strategy 2: Jet angular measurements
<+ Dijet chi distribution — new physics ?
<+ Dijet azimuthal decorrelation — deviations from QCD radiation ?
- Reduced sensitivity to jet energy scale (JES) or resolution (JER)
@ In addition: Normalized distributions

%+ Event shapes —— Test of QCD, MC tuning

- Less sensitive to JES, not dependent on luminosity

Transverse global thrust

Thrust

Thrust minor
Zq: ‘ﬁl,i ’ ﬁT‘
nT D iPL,i
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Al Inclusive Jet Ratios: 2.76 /7.0 ./,

Here:
Ratio at different energies
E__=2.76and 7.0 TeV

Result from ATLAS:

- cross sections at 2.76 TeV

T

- ratios to 7 TeV

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

- study on PDF impact

p (y, p.) ratio wrt NLO pQCD (CT10)

>

At least partial cancellation
of uncertainties

— more precise comparisons 30 40 102 2107

ATLAS, arXiv:1304.4739.

ATLAS

JL dt = 0.20 pb’’

— 2. 76TeV TTeV
P Gjet Jl"SJ'QEt

anti-k; R=0.6
Data with

—e— statistical
uncertainty

|:| Systematic
uncertainties

NLO pQCD ®

non-pert. corrections

CT10

— MSTW 2008

NNPDF 2.1

" HERAPDF 1.5

...... ABM 11 NLO
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A Bump Hunt &4

Simple search for new physics: Dijet resonance

—— 10 IIIIIIIIIII|IIII|IIII|IIII|IIII
Absolut QCD cross sections not required, 3 —e— CMS Preliminary (4.0 fb™)
only shape needs to be described. % L Fit

\g’_ o'k N T QCD Pythia
SO far nOthing fou nd. O Jet Energy Scale Uncertainty
CMS result @ 8 TeV, 4.0 / fb: 8 10°

W’ (1.5 TeV)
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L.

Dijet angular distribution &

= 2
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A\ Dijet angular distribution &

. d’c
Update for full 2012 luminosity in progress X ai
Accounts for electroweak corrections dMyydx.g
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See also Dittnaier et al., JHEP11 (2012) 95. xdijet

Xdijet
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A Azimuthal Decorrelation &4

Jet-pairs in pp collisions:

A W 2-jet: correlated — 1
A dijet=1T —
Exactly 2 jets, no further radiation

Ao dijet= 1T —
Additional soft radiation

Ag dijet = 211/3 —
At least one additional high-pT jet

A dijet << 211/3 5
Multiple hard jets d“o .

de,madi¢JJ °

multi-jet: “uncorrelated” — <1
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A

Azimuthal Decorrelation

AT

< x‘:’i*;;{"

Interesting quantity to study for ISR effects (MC tuning) or multijet production
ATLAS comparison with MC predictions

CMS comparison with pQCD
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Klaus Rabbertz

Ae  [rad] uncertainty

Bad Liebenzell, 24.09.2014
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1

A Color Coherence g

Study orientation of 3" jet emission near 2" — test interference in parton emissions

A @30 In MC approximated by
: A angular ordering —
sign(n2) Asz improves description
still not perfect

B = [tan™?

B ~ 0 » emission between jet 2 and beam
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H 0.08— b
No MC really good, better tunes required E 08<n|<25 R acaa
- :lllr —
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CMS, EPJC74 (2013) 2901. [3 B B
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\ Dijet Flavours

Study of flavour decomposmon of both jets in dijet events

- 1.2 < 2r ~ 4.5¢0
J t ﬂ d t d -BC; [ E Eatﬁl stgtﬂfggcert only % 1. 8:— E Eattﬁ sig.t&xgcert only ‘% 45 5 Batﬁ stgtdgsncert only 3
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H H @ r ¥ Powheg + a 6. O ¥ Powheg + 1a 6. 3 d F ¥ Powheg + 1a
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i i i @ 0.8[ 1 @ "F a7LAS 1 O 3Famas
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Tt ] 0.6 = E 3
- n 0 2: : 0.4 —L— . 1: :
Templates differentiate 2 arLas oof ﬁﬁ:‘i o5t
Data 2010 \@:?Tev r[f_dr 39 pb ' “F
between B, C and 0 . of . - Of il S
i 50 100 200 300 100 200 300 50 100 200 300
light (U) quarks Jetp_[GeV] Jetp_[GeV] Jetp_[GeV]
() (b) o
Ilght duets 80 /o
lry T T T 171 T iy C T T T T 1 T 7] "y 94.
& | @ Data Stat uncert. only & 20:_ ® Data siat uncert only B g, F 0 Data stat uncert only
c 101 O Pyihia 6.423 c b O Pythia 6.4 s 925 [ Pythia 6,42
. = L O Herwig++ 2.4.2 s 18:_ O Hemrlg++242 B T gof © Herwig++2.4.2
Well described by MC 8 [ v Powheg + Pythia 6.423 § gk ¥ Powheg + Pythia 6.423 3 8 7°F v Powheg + Pythia 6.423 ]
F t fl . S8 Total error - 5 C Total error 3 5 88F Total error 3
or mos avour pairs @ | ] S 14p E S gek 3
o —e— ¢ 12F :g:—: 84:

! _— ;_Eg;— v — —J'—_;
Some discrepancy for = R P e

f
i
J.
%

. . . 4r ] o3 E 80 —— E
B-light (U) contribution ! BU 6f CuU -; = UU —#—_;
at hlgh PT / L ATLAS ] *FaTLAS "OF ATLAS E

[ Data 2010, {s=7 TeV, JLdt 39 pb 2 Data 2010, {s=7 TeV, JLdt_SB pb 74 Data 2010, (s=7 TeV, der 39 pb
oo | r .+ + v v 1 oo |
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ATLAS, EPJC73, 2013
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N

MC/Data

Jet Shapes

Jet substructure: Differentiate among g, g jets and heavy boosted Z, t', ...
Here: “Traditional” jet profiles, sensitive to g-, g-jet differences

i

AT N4
LN

Integrated

T T T | T T T T | T T T T | T T T | T T T T
_ =@= pp Data ((s=7TeV) :Ii(r) 1-W(r)
—— Pythia Tune Z2 K

L R s Pythia Perugia2010

— e e Pythia Tune D6T ]

- — TP :

L Ny e Herwig++ )
15_ E a5 03— 77— ]
- ’ = - antik jetsR=0.6 ]
B i ! o025 7
— - SR lyl<28 o pata[Ldt=07nb"-3pb"
i S 0 23_ PYTHIA-Perugia2010 ]
10" =CMS IL dt = 36 pb'1, ly| <1 = E _+_ ---------------- Perugia2010 (di-jet) ]
- 110 GeV < P!:t < 125 GeV - 0150 | .. gluon-initiated jets ]
e ——————— E_-+-...... ----- Perugia2010 (di-jet) ]
01 —+— quark-initiated jets ]
005 B . ;
- - ATLAS TTmTmmTesm—ee
0-7 I I I I : I _I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 |

¢ 01 02 03 04 05 06 07 % 100 200 300 400 500 600
CMS, JHEPO06 (2012) 160. radius (r) ATLAS, PRD83 (2011) 052003. P, (GeV)
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A

Underlying Event

A

=
%4

New ATLAS result investigating the UE in Z+jet events

Also here
if Z — pp Look for soft

stuff here

Z-boson

No indication of unexpected differences
among UE in MinBias, jet, or Z+jet events

Transverse region

. Data 2010: Minimum bias and jet events (168 u-', 37 pb‘1)

Q1-2_" RN UL LN LN UL UL LN LR UL
=] 1
= i | &
SE il e o5 o F
zﬁn.a:- o @ 3
0.6F .
& ]
0450 J
Eg ]
0.2_3 3
S VI - S I - T o
P, [GeV]

A
A 16 [T | T
Eg ATLAS Vs=7TeV
— 1 _4— Data 2011: Z events (4.6 fb)
—AQ 2=}
H::'].Z_— [:]
Toward ZU - ¢ * *
A9] < 60° VoL e
f
Transverse Transverse 0 8
60° < |A@| < 120° 60° < |A@| < 120° .
0.6
Away o
|A¢| >120° 0.4p— =% Minimum bias events
D
u —=— Jet events
0'2? —e— 7 events
a - _IIII|IIII|IIII|IIII|IIII||||
0 50

ATLAS, arXiv:1409.3334
Klaus Rabbertz

Bad Liebenzell, 24.09.2014

100 150 200 250 300 350 400 450 500

pT or pl_lt_aadtrack or pl_?adjet [GEV]
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A

y y A
A Jet-radius Ratio A,
Cross section ratio for R = 0.5/0.7 Requires event generators: SLB605 (2011)
Emohasi ffects of LO+PS+HAD — better '
mp aS_IzeS errects o . . (PythlaG,HerW|g++) ALICE study
showering and hadronization NLO+PS+HAD — best R=0.2 / R=0.4
— NLO insufficient to describe data! (POWHEG+Pythia) ALICE, PLB722 (2013).
CMS (unpublished), L=5fb" {s= '|{ TeV . CMS (quublished), L=5fb" |s= 'lf TeV
: T T T | | | T T T 1 ] I~ - rT T ' ' ' [ -
o . o - ly]| <0.5 7
L0 E 5 0950 E
S e S g9 POWHEGH+Pythia E
g E g . E .......... E
_; 0.85:— ______ _:
- 0.8F !
_; 0'752_ 7 A [¢]Data _;
B - Ly #i NLO®NP :
. 0.7-¢7 PYTHIAB Z2 e
mnm _: C ----HERWIG++ ]
- fift NLO®ONP : 0.651 — POWHEG+PYTHIA6
:7|-r|eV| | | L : : Lo | Lo ]
60 100 200 1000 60 100 200 1000
CMS, arXiv:1406.0324, acc. by PRD. Jet pT (GeV) Jet pT (GeV)
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Al 3-Jet Ratios and a_in hh &

Normalization or ratios for
different multiplicity N, = 3 over 2:

- Similar as in H1 normalized cross
Sections, see later.

- Reduce exp. and scale uncertainties

- Eliminate luminosity dependence

- Avoid direct dependence on PDFs
and the RGE

S

Three observables investigated: i M. Wobisch

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

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

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

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

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

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

- Data 0.7/fb
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ﬂ 3- to 2-Jet Ratios &k

—l | I _ —_—— T T T T T T T —
& 0.2 cms 1 N., 7 . ATLAS Preliminary -
R, 07w =0_1jt4 2011 - Nao E oo ATLASEY 2010
0.18~ antik;R=0.7 % — & [ anti-k, jets, R=0.6 - ]
§ NS . S 06 i
0.16[ o S NS — < i i
I R 04} -FJF e 1
B TN i Data 2010 ]
0141 \— - NLO pQCD, PDF |
0 12:_ 1D N 0ok MSTW2008NLO and
. . . < % . gza;qp?:d.c;c;gectlons 1
0.1 N N | ag(M5)=0.130 _
L Fits only above 420 GeV ] s S —— S
0.08 N Data (L_ = 5.0 ) ] th:- g —
- NNPDF o,(M.) = 0.106 - Min. Value | ":_5 L
N NNPDF aS(MZ) =0.119 — @]
0-06__ J NNPDF (M) = 0.124 - Max. Value ] _ch ]
- NPDF -NNLO ’ - 065 e
004| | L1 L ‘ L1 | L1 ‘ [ | L1 | | T . L . . . . . . ]
200 400 600 800 1000 1200 1400 70 100 200 300 . 1000
(P, (GeV) P [Gev]
Similarly described by CT10 or MSTW2008
Discrepancies observed with ABM11
as(Mz) = 0.1148 4+ 0.0014 (exp) as(Myz) =0.111 £ 0.006 (exp)
0.016
+0.0018 (PDF) + 0.0050 (theory) +0-016 (theory)

CMS, EPJC 73 (2013) 2604 Dominated by theory uncertainty! ATLAS-CONF-2013-041 (2013)
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& Determination of a_from R

# Comparison to other hadron
collider experiments a

@ Extraction also performed for
three subranges in Q

& Small exp. uncertainty
@ Dominated by th. uncertainty:

% asymmetric scale uncertainty

% PDF uncertainty

NNPDF21: a (M) =0.1148 £ 0.0014
CT10: a (M,) = 0.1135 % 0.0019
MSTW2008: a_(M,) = 0.1141 % 0.0022
(ABM11: o (M) = 0.1214 £ 0.0020)

0.24
0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06

3/2

(NLO) .|

CMS, EPJC 73 (2013) 2604

|
L

_I|III|III|III|III|III|III|III/IIIIIIII|I_

CMS
CMS
DO in

HA1

< a o} |~ L]

DO angular correlation

ZEUS

newly covered range

Rgy o 0g(M,) = 0.1148 £ 0.0055
R32
clusive jets

10 102

03
Q (GeV)

PDF uncertainty: Repeat fit for each NNPDF replica — get estimators for y and o
Scale uncertainty: Repeat fit for six variations of (i ,1.)— get maximal deviation

as(Mz) = 0.1148 & 0.0014 (exp) =+ 0.0018 (PDF) =

Klaus Rabbertz Bad Liebenzell, 24.09.2014

- 0.0050 (theory)
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CMS a. Summary

S [T 1 1 11 | | | 1T 1 11 | | | | 1 1T 11 | | ]
O 0.24F CMS Preliminary .
= 0 225 CMS Incl. Jets : ag(M,)=0.1185"""% | -
O EN A CMS R,, Z
0.2F [;fi o CMS tf cross section —
— N\ v CMS 3-Jet mass ]
0.18 - L ° CMS Incl. Jets T
0.16F ) -
— Y NLO m. pr. _
0.14 gl o P =
— I _
0.12— b T g ~— incl. jets pr. —
N f T Oft—4d o 4 :
0.1= s+ DOinclusive jets s = ,- ]
— o DO angular correlation / ]
N | | Lo ool | | Lol | [ |
10 102 10°
Q (GeV)
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& Normalized Multi-Jets in DIS -,

H1 Data
® 150<Q?<200GeV? -5 O 400<Q?<700GeV? (-2
0 200<Q*<270GeV? (j=4) 4 700 <Q?<5000 GeV? (i=1)

m 270<Q?<400GeV? =3 A 5000 < Q< 15000 GeV? (-0

NLO ® ¢had

NLOJet++ with fastNLO
QCDNUM
MSTW2008, o, = 0.118

Normalised
Trijet

8

- 108 3 Normalised Normalised
= i Inclusive Jet Dijet

g 10

S, : .
o 10°¢ .

@) F o . .

£ 10°t o .

£ ? . °

Q  10*F - .
© g . ] o

s 10° o .

“— F . 5
e 2[ —a .

3 10 ] )

o 10F o i '
© r . o

- 1§ -

- 4ol ' — "
o —

RS, . & . &

E 10-2? 5 ¥y Yy
£ H1 ' a

10 E_l | | | | | | §
7 10 20 30 50 7 10

P [GeV] (P.), [GeV]

I 1 T |
20 30 50 7 10

20 30
P, [GeV]

1

— L

0.15}

0.10H1

trE ! ! I
—H1 multijets at high Q°
B H1 exp. uncertainty
H1 total uncertainty
¢ H1 multijets at high Q?
« H1 multijets at low Q> |
- ZEUS inclusive jets in yp
} D@ inclusive jets |
I D@ R.g
\é\ ¥ CMS R;2

N
& —_
#ﬁ?ﬁﬁ} - ]
~

o013
N 2

= 0121

S 01

et

H1, arXiv:1406.4709

as(Mz) = 0.1165 +

0.0008(exp. )|+

0.0038(theor.)

NLO: Dominated by theory uncertainty!

Klaus Rabbertz

Bad Liebenzell, 24.09.2014

o . R T RN
30 100 300

Jet phase space:
Jetsincl.:-1.0<n,_ <2.5

7 <pT <50 GeV
2-,3-Jets: 5 < pT <50 GeV
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H1 multijets at low Q°

EPJ C67 1 (2010) HERA
H1+ZEUS (NC, CC, jets)

H1-prelim-11-034, ZEUS-prel-11-001 {(2011)

ZEUS incl. jets in v p
Nucl. Phys. B864 1 (2012)

H1 multijets at high Q’

arXiv 1406.4709 (2014)
CDF incl. jets

Phys. Rev. Lett. 88 (2002) Tevatron
DO incl. jets

PRD 80 111107 (2009)

D0 ang. correl.
Phys, lett. B718 56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJ C72 2041 (2012) ATLAS

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

CMS R4, CMS

Eur. Phys. J. C 73:2604 (2013)

CMS tt cross section
Phys. Lett. B728 496 (2013)

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

CMS incl. jets
CMS PAS SMP-12-028

World Average
PRD 86 010001 (2012)

Klaus Rabbertz

| | |
0.13

T
0.15
ocs(l\/lz)

| I |
0.14

Bad Liebenzell, 24.09.2014 Lectures KIT GK
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! PDG a_Summary &
S

P e
|
o v Tdecays (NLO) t-decavs O
S(Q) Lattice QCD (NNLO) . y I
a DIS jets (NLO) Lattice o
03 L 0 Heavy Quarkonia (NLO) | I
o e'e jets & shapes (res. NNLO) DIS O :
® Z pole fit (N*LO) ete” annihilation +—Oy
v pp —> jets (NLO) :
02 Z. pole fits —=o—
. N P L T
0.11 0.12 0.13
0.1} O (MZ)
= QCD 0x(M,)=0.1185 £ 0.0006
1 10 100 1000

Q [GeV]

CMS data, but not in average since only NLO theory!

as(My) = 0.1185 & 0.0006

PDG2014
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Outlook &4

Still new precise measurements from HERA (and Tevatron)!

Huge new phase space opened up at 7-8 TeV LHC ...
13 TeV will be another very interesting step, not only for searches

Data quality makes jet measurements PRECISION PHYSICS

— better determine gluon PDF, strong coupling, and ... gg — H
Theory definitely entered regime of NLO as Standard

More precise theory required (NNLO, EW) ...

... and under heavy development — will be very welcome!

Mentioned only briefly other exciting topics like jet substructure,
or not at all, gap fractions, W+jets, Z+jets

New ideas for analyses are explored

Klaus Rabbertz Bad Liebenzell, 24.09.2014 Lectures KIT GK 28
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Outlook &4

Still new precise measurements from HERA (and Tevatron)!

Huge new phase space opened up at 7-8 TeV LHC ...
13 TeV will be another very interesting step, not only for searches

Data quality makes jet measurements PRECISION PHYSICS

— better determine gluon PDF, strong coupling, and ... gg — H
Theory definitely entered regime of NLO as Standard

More precise theory required (NNLO, EW) ...

... and under heavy development — will be very welcome!

Mentioned only briefly other exciting topics like jet substructure,
or not at all, gap fractions, W+jets, Z+jets

New ideas for analyses are explored

Thank you for your attention!
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y
=
A\ PDG Pre-averages A,
Baikov C : O :(a) HPQCD (Wilsonl IIOIU;J;'). o ﬂ C I(b)
Bene.kt? —O— : HPQCD (c-c correlators) 6
Cap{‘llll '—O—:" Maltman (Wilson loops) I:O-I
Davier | /00— JLQCD (Adier functions) Fd'l
Malﬁtman O : ' PACS-CS (vac. pol. fetns.) 'l-o-l
Narison —O— ETM ..O..
Boito O : O BBGPSV (static Lill : "7
SM : o ! -
Mreview  — S Ut 0.11 012 0.3
030 032 034 036 o, (Mz)
o (Mz) T
T ALEPH (j&s) | —o—{d
ABM FOl | (c) OPAL (j&s) — 10—
BBG o JADE (j&s)  +—d—
SI{STW =0 Dissertori etal. (3j)  —d—
o= JADE (3j) —1—0
NNPDF o1 '
N T La s, BS(T) —O—
0 11 0. 12 0.13 DW (T) —OT—
Olg (MZ) Abbate ctal. (T) w1 |
Gehrm. et al. (T) —o— |
1 o Ly
0 11 0.12 0.13
o (Mz)
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ﬂ Table of PDF sets with a_series

Base set Reference(s) Evol. order Ny as(Mz) as(Mz) variations
ABM11 [24] NLO 5 0.1180 0.110-0.130
ABM11 |24] NNLO 5 0.1134 0.104-0.120
CT10 [25] NLO <5 0.1180 0.112-0.127
CT10 125] NNLO <5 0.1180 0.110-0.130
HERAPDF1.5 [26] NLO <5 0.1176 0.114-0.122
HERAPDF1.5 [26] NNLO <5 0.1176 0.114-0.122
MSTW2008 |27, 28] NLO <5 0.1202 0.110-0.130
MSTW2008 127, 28] NNLO <5 01171 0.107-0.127
NNPDEF2.1 129] NLO <6 0.1190 0.114-0.124
NNPDEF2.1 [29] NNLO < 0.1190 0.114-0.124

Klaus Rabbertz

Bad Liebenzell, 24.09.2014
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A\ Dijet Centrality Ratio ok

Outdated figures, anyway no deviations from QCD observed!

- N(|771’2‘<0.5) R — N(|77| < 07)
1-ratio = Fo5<(mLl<D) N(0.7 < [n] < L.3)

g 25 _I T T | T T | T 1T | T T | T T | T 1T I I_ a:‘ 1 .5 | EﬁMé Prlehnl'"nary I I I | I ' I —
® [ ATLAS Preliminary S 7 :
=50 Js=7 TeV N _5_ o Bitg 120 nb™' (M<838 GeV) .
i | N | — NLO+Non-Pert. Correction |
~ +Data det=61nb'1 12 [ EARLR neertainty '
1.5 - < 1 -

- _ . = — PYTHIA6 x NLO/LO
-— Pythia QCD LO . N - .
i | S i |
1.0:— | 1t _: E i —e— i
i b | = o .

R S A N . : s e

0.5 | i | - 0.5f T =
i | ] | \ |
0.0_| L1 1 | L1 1 1 | [ | L1 1 1 | L1 1 1 | [ | | I_ | | A A | A | I_TT | A | _lT_
200 300 400 500 600 700 800 200 400 600 800
Dijet Invariant Mass (GeV) Dijet Mass (GeV)

Klaus Rabbertz Bad Liebenzell, 24.09.2014 Lectures KIT GK 33



A Event Shapes &

Definition:
Transverse global thrust

Originally:
Event Shapes in e*e- (and ep)

Played a key role in the discovery

of the gluon at DESY in 1978! Thrust
Old but still-used definition since Thrust minor
collinear and infrared safe: e
ThrUSt S. Brandt et al., PL12 (1964), T . Z’L ‘pJ_,Z nT ‘
E. Farhi, PRL39 (1977). / 1,9 — max Z P
nrT . J_’ )
At LHC: Transverse global thrust ' ’
- In praxis, need to restrict rapidity Redefinetoget 7 4 = 1 -1 g

range: |n| < n_-
Transverse central thrust

——
linear ~ dijet spherical ~ multijet
T1.g — 0 TLg—1—2/7

See also A. Banfi et al., JHEPO06, 2010
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A\ Central Transverse Thrust ..

Basic description by MC ok ZZ \pL,i - nT\
7. c =1 —max
Some deviations visible T i .
_) QOOd for tunlng! _E_| El I T1 | L | T T | ' T TT | I T 17T | ' T T1 | I T T1 |E
> - ATLAS Hp, >250GeV, ly__ I<1.0 ]
Great tools in e+e-, known to O I _, === Data 2010 Vs=7 TeV]
. ~|Z 1m-m J-L dt =35 pb™ s=m= Herwig++ 3
NNLO+NLLA resummation - o ADGEN ]
— precise determination of a_ S wemis Pythia 1
Dissertori et al, JHEP0908 (2009). 107 T — E
Also used successfully in ep i e ]
10-2:_ .'i'E':I:'i'E"' =
- ol :
i g i
In hh collisons: sl ]
- only NLO so far 107 O
- in praxis, need to restrict rapidity © T e e e I B B B e e
range: [n| <n_,, B 1.0 g
= central transverse thrUSt N 051 11 NI .||“| |-|"I|“|“|..|.IEIT.T.:.?'T.l.ﬂ'.T'WﬁW";'I
—s spoils resummation S ™0 005 o1 015 02 025 03 035
Banfi et al., JHEP06 (2010). ATLAS, EPJC72, 2012 T = 1- TJ_
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Y

Diff. Jetwirkungsquerschnitt [pb/GeV]

Jets Daten / Theorie

o ATLAS anti-k; R=0.6 |y|<03
v ATLAS antlk R=0.4 |y|<0.3
e CMS antlk R=0.5 |y| <0.5

H1 und ZEUS bei HERA _1| il PQCD calculations using NLOJET++ with fastNLO:
10 0g(M,)=0.118 | MSTW2008 PDFs | pg=pg=Prj
NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)
| | | I I | | L | L 1| | | L L I | L

- T — T . . . . . 5
- -r_'?r_ LHC, p-p, Vs = 7TeV — A-I:LAS un"d CM.S 1 0 4 - InCl lisclivejdet pdrOd uctlon hm;//Im%cSmEeer!;cpwasmlo%
[ ¥ — n QL;A% R=0.|6,||y|<0.3 71 Stimmen iiberein ... B ‘ln adron-induced processes 3
: . o ,R=0.5,|y|<0.5 - . [
105__ —r_:'_ —— QCD Vorhersage — an |Og. Skala .') - | | ¥ | l 1 l l * i (x 2500) \/S - 200 GeV pp
- - i T | T T I ‘ I | | o STAR cone 0.2< ] < 0.8
N = i 10 3|
102l s i F Vs =300 GeV _ DIS
-_ !’!._ | i M % ; (< 400) emav Hi Kp Q?: from 150 to 5000 GeV?
- u . L Vs=318GeV  ; . i 150)omw ZEUS k Q> from 125 to 5000 GeV? |
— . - 2y ol oy FHRY (x °
[ =, 7 >10 2| exavo HI k; Q%from 150105000 GeV® |3
10 Y E o F onace ZEUS ky QP from 125 to 5000 GeV? |5
- . i o [ Vs =546 GeV (x 50) g
C ] . -E- B o CDF cone 0.1 <|n|<0.7 W pp_bar :
F Direkter ATLAS-Apfel M -~ [ Vs =630 GeV i { 3
10" | Mit CMS-ApfeI Vergleich ' - g = 00 cone 00<inl <054 44y i b1 (c1s) g
1 1 Lol 1 L1l 1 —O 10 ? \/SO=(:;F8(:OTnS\O/1 l I o (X7) %
10> 10° L« D@ cone o:o:|ﬂ|:of5 g
Jettransversalimpuls [GeV] [ s - 1.96 TeV E
@ Vergleich von Jet-Daten von [ A SBE K ghi<sT } “2IPP E
1 | D@ cone 0.0<|y|<0.4 ; ﬂﬂﬁﬂﬂ x1) ;::’
- S0 B PO B EFY 5
STAR am RHIC | Vs=TTeV it #

T 7]

CDF und D0 am Tevatron
2 3

ATLAS und CMS am LHC 10 10 10
pr (GeV/c)

@ Kompatibel mit NLO pQCD

+ + + &
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