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p. Forward Jet Measurement =

Antwerpen

Events with at least one jet with 3.5<|n|<4.7 and p,;,;>35 GeV

CMS, pp—jet +XNS=7TeV,L,, =314 pb’ CMS, pp— jet,_+XNS5=7TeV, L, =314 pp’
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« All predictions describe the data within the uncertainties.

* NLO prediction (NLOJET++) too high, but agrees with the data
within the large theoretical and experimental uncertainties.

« NLO+PS (POWHEG+PYTHIAG6) best.

JHEP 1206 (2012) 036
arXiv:1202.0704
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Forward Jet Measurement H’
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Combined low-pileup runs (Summer 12) and full 2012 dataset
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CMS-PAS-FSQ-12-031 [comb. CMS-PAS-SMP-12-012]

Data is well-described in wide range of p_and rapidities by
NLO® NP theory predictions
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p. Forward Jet Measurement
y — ntwerpen
Closer look at forward jets Experimental uncertainties:
3.2 < |n| < 4.7 JES: < 45%
21 < p_< 80 Unfolding: 3-6%
' Luminosity: 4%
pp 5=8TeV L.=58 pb’ CMS Preliminary pp Vs=8TeV L.=58 b CMS Preliminary
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All predictions agree with data within the uncertainties

Conclusion: inclusive jet production is well-described by
theory predictions over the wide range of p_and rapidity
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Events with at least one jet with

Forward+Central Jets

CMS, pp— jet g +let +XNE=7TeV, L =314 pb”
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CMS,pp— jet,_+jet_ +XNs=7TeV,L, =3.14pb

Albert Knutsson

Forward Jets, Forward+Central Jets, Etc...
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JHEP 1206 (2012) 036
larXiv:1202.0704 |
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Forward+Central Jets U’
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CMS, pp— jet,_+jet_ +X\5=7TeV, L, =3.14pb’ CMS, pp— jet,_+jet_ +XN=7TeV, L, =3.14pb’
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arXiv:1202.0704

| Albert Knutsson Forward Jets, Forward+Central Jets, Etc... 6



P Inclusive over Exclusive Di-jet Cross-section U'
Vamm

s —— Antwerpen

Jets reconstructed with the anti-kT algorithm (R=0.5) BT Bhys o Clalz012)2216
Pejer>35 GeV and |n;|<4.7

Observable: Rapidity difference between jets, Ay

Inclusive jets: All jet pairs in the events considered
Exclusive jets: Events with exactly two jets above the threshold
Mueller-Navelet jets: Most forward and backward jet in the inclusive sample
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* Increasing Ay — Larger phase space for radiation
 Pythia6 (Z2) and Pythia8 (4C) agrees well with data

* Herwig++ (EE3) and HEJ+Ariadne too high at high Ay
» Small effect from MPI (not shown)

» Cascade off
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MN over Exclusive Di-jet Cross-section

Antwerpen

Jets reconstructed with the anti-kT algorithm (R=0.5) Eur Phys o.C72(2012)2216
Pejer>35 GeV and |n;|<4.7

Observable: Rapidity difference between jets, Ay

Inclusive jets: All jet pairs in the events considered
Exclusive jets: Events with exactly two jets above the threshold
Mueller-Navellet jets: Most forward and backward jet in the inclusive sample

CMS, pp,Ns =7 TeV
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» Low Ay: Ratio(MN/exclusive) per definition smaller than Ratio(inclusive/exclusive)
* High Ay: Ratio(MN/exclusive) per definition same than Ratio(inclusive/exclusive)
* MC data comparison: same conclusion as on previous slide

General conclusion: No visible effects beyond collinear factorization + LL parton-showers
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« s = 7 TeV, Luminosity = 5 pb

CMS-FSQ-12-002

* Inclusive single jet trigger, and dedicated forward+backward jet trigger.

 Calorimeter jets - anti-kt algorithm with R=0.5.

- Events with at least two jets with p; ,>35 GeV and |n|<4.7.
The two jets with largest rapidity separation selected.

» Measurement corrected to stable particle level

» Observables:

- Azimuthal angle between the two jets with Previouslv measured
largest rapidity separation: : Ag up to A); < 6.0
- Fourier coefficients, C : do/d(A@) ~ 3 C,, cos(mm —A®)

lan| <6, E_ >20 GeV, E_ > 50 GeV
C, = <cos(t - Agp)> &

i
* g e Vs =1.8 TeV
C, = <cos(2*(m - Ag))> £, .
C, = <cos(3*(Tr - Ag))> ; : -
08 _— -
- Ratios C,/C, and C,/C, " s = 4
I O JETRAD(NLO) -
These quantities are measurement in 3 bins vl ammwic
of rapidity separation between the jets: 0 <Ay <3 - SRSy o
3<Ay<6 o |
E Correlated Systematic Error
6 < Ay < 9'4 o e .
o 1 2 4 5 &5
Albert Knutsson Forward Jets, Forward+Central Jets, Etc...
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CMS Preliminary, *s =7 Te".I'.J Ldi=5 |'.th1

CMS Preliminary, \s=T Te'l.l',J-Ln;ﬂ =5 ph'

CMS-FSQ-12-002
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71— Herwig++ 2.5 14 T Spoges 25
—— Sherpa 1.4 1_55 erpa 1. !
[~ Cascade2 | 1ab weeleraveletdiets -« Herwig++ provides the best description
.ol ! . 225 Pr = 35 GeV, |y| < 4.7 of data
-Shetur s BN, « Pythia6/8 too large decorrelation
P > 35 GeV, ly| < 4.7 [
“J::||.._||.||..|..|..||:.|.._|..|.::: I:I.E:l|..||.||..|..|..||..|..|..|...: - - - -
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107 i = ]
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| = GeAy=9. | I ! . .
| possaevyi<ar | 1 + « CASCADE - k-factorization based
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" Albert Knutsson Forward Jets, Forward+Central Jets, Etc... 10



Cy=<cos(N(m-A¢p))>
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CMS Preliminary, s = 7 TeV, [Ldt =5ph”

CMS-FSQ-12-002
CMS Preliminary, +s= T TeV, [Lr:lt = 5pb !
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:-: Ty, llrNevsiet djes 712 —Cascade2 [ZIBFKLNLL+ be sensitive to properties of non-
[ = ;> 35GeV, |yl <47 1 B | ] . .
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Albert Knutsson Forward Jets, Forward+Central Jets, Etc... 11
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CMS Prafiminary, 5 = 7 TeV, JLdt =5pb”
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— Sherpa 1.4
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CMS-FSQ-12-002

* DGLAP contributions are expected
to partly cancel in the C_,,/C - ratios.

n+1

« C .4/C, described by LL DGLAP based
generators towards low Ay

- Pythia8, Pythia6 Z2 overestimate C,/C,
« Herwig++ underestimate C,/C,

» Sherpa overestimates data

* CCFM based CASCADE predicts too
small C_,,/C_

n+1

« At Ay > 4 theoretical BFKL NLL
describe in particular C,/C,

within uncertainties

| Albert Knutsson
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D Forward-Central Decorrelations H’
Pedro Cipriano DIS14
Data Different scenarios
Inclusi '
e 3.2 pb™! from 2010 low pile-up pp - nc'usw'e SRR |
collisions at /s = 7 TeV © Inside—jet veto scenario

(pT inside < 20 GeV)

_ © Inside—jet tag scenario
@ Events with at least one forward (PT inside > 20 GeV)

(3.2 < |n| < 4.7) and at least one
central (|n| < 2.8) jet with pr > 35 GeV

Physics selection

© Outside—jet tag scenario
(pT outside > 20 GeV)

Y
\_._l
P

WO
<~ O
w'C)

Outside jet

central jet central jet central jet central jet

A

forward jet forward jet

The inter-
leading jet
region

forward jet forward jet

3 : E
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Pedro Cipriano DIS14

CMS Preliminary,\s = 7 TeV L=3.2pb" pp— 2jets + X Anti-k; (R=10.5)
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 All tested MCs describe the data, considering
the fairly large experimental uncertainty
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04<An<25

CMS Preliminary, pp — 2 jets + X [INCLUSIVE] VE=TTeV
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Inter leading jet pt
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Expected to give additional sensitivity to PS algorithms and color coherence effects.
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o g

Universiteit
Antwerpen

H* = Winside—jet — (ﬁ'centm!—j&t + ’?fﬂﬂuani—jet)/ 2

Expected to give additional sensitivity to PS algorithms and color coherence effects.
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Expected to give additional sensitivity to PS algorithms and color coherence effects.
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,/‘_C/ Summary and Conclusions s

v —— g Antwerpen

CMS results on forward and forward-central jets presented:

* Inclusive Forward Jets
- Large syst. uncert --> MCs describes data.

* Forward + Central Jets
- Data does not prefer a certain model, but Herwig and HEJ best.

» Ratios of Dijet Production up to Ay < 9.4
- Well described by Pythia6 and Pythia8. Herwig fails.

» Azimuthal correlations of jets with large rapidity separation
- Herwig best. Pythia too decorrelated.

* Forward-Central Jets. Large uncertainties in data --> MCs describes data.

— Different DGLAP based generators describe the data differently.
DGLAP ~ OK, but not in a consistent way. No MC describes all data.

— No deviations beyond collinear-factorization+parton-shower in regions of
phase-space where BFKL effects are expected to be enhanced.

— Deviation between data and MC can not be interpreted as due to non-DGLAP dynamics

— Failure of MC models is not only a matter of tuning

Albert Knutsson Forward Jets, Forward+Central Jets, Etc... 20
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Results - A¢ inclusive scenario

Pedro Cipriano DIS14

@ Data fully corrected to hadron
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D Forward-Central Decorrelations H’
Pedro Cipriano DIS14
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Pedro Cipriano DIS14

CMS Preliminary, pp — 2 jets + X [INCLUSIVE] Ws=T7TeV  CMS Preliminary, pp — 2 jets + X [INCLUSIVE] WE =7 TeV
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o At large An there is more phase space for additional radiation

@ At small An the distribution is falling much more steeply than at
large rapidity separation (from 2 to 2.5 orders of magnitude)

@ In general the MC describe this effect, except for the lower A¢
region

@ HERWIGH+ provides the best overall description

@ PyTHIA 6 - Z2* without MPI deviates event more from data than
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Results - A¢ Inside—jet veto scenario

@ T[he correlation is stronger than in the

. . . CMS Preliminary, pp — 2 jets + X [INSIDE-JET VETO] VE=T7TeV
inclusive scenario T [ —e owe
: : O i
@ PYTHIA deviates more from data in T E T ez
the inclusive scenario while HERWIG o
describes it better for lower Ao : —o—
o . . 104 ——{
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Figure: A¢ in inside—jet veto scenario - e e e e m—
compared with MC predictions o
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Results - A¢ Inside—jet veto scenario

Pedro Cipriano DIS14
@ T[he correlation is stronger than in the

inclusive scenario

CMS Preliminary, pp — 2 jets + X [INSIDE-JET VETO] WE =T TeV
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Figure: A¢ in inside—jet veto scenario s e e e e m—
compared with MC predictions o
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Pedro Cipriano DIS14

CMS Preliminary, pp — 2 jets + X [INSIDE-JET VETO] s =T TeV MS Preliminary, pp — 2 jets + X [INSIDE-JET VETO] We =T TV
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@ In the inside—jet veto scenario, the slopes are steeper (3 orders of
magnitude)

@ [he correlation shape has no significant variation with A
@ HERWIGH+ gives the best description
o For lower Ao region PYTHIA 6 - Z2* without MPI is one order of

- T . T T (R T T



o g

Forward-Central Decorrelations

Antwerpen

Results - A¢ inside—jet tag scenario

Pedro Cipriano DIS14

@ [ he correlation is weaker than in the
inclusive scenario

@ Most predictions seem to yield a
reasonable shape but fail slightly in the
normalization

@ The best description is provided by
HERWIGH+

@ PYTHIA 6 - Z2* without MPI predicts
a much lower cross-section than
observed

Figure: A¢ in inside—jet tag scenario
compared with different MCs
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CMS Preliminary, pp — 2 jets + X [INSIDE-JET TAG] wJs =T TeV CMS Preliminary, pp — 2 jets + X [INSIDE-JET TAG] WE =7 TaV
8 105, —#— Data —— Emﬁ_— ¢— Data aé
g ; Herw!g B —— s F Herw!g 6 =
o C Herwig ++ o L Herwig ++
5 | - Pythia8-4C € | - Pythiag-4C |

L — .
1“45_'-"'4”"1‘15 gt jgtl 45<an<T5 —

L e

. —— L —e—{ ] e

H — }““ : L., =3.2 pb”, Antik_ (R =0.5) [ L, = 3.2 pb”, Antik_(R = 0.5)

100 I p{r":-i'iﬁﬂa'ln' and [n| < 2.6 ___H_.l,_._,_._ pr'T":-SEGa'U and | < 2.6

= pl™ = 35 GeV and 3.2 < |n| <4.7 3 pi' = 35 GeV and 3.2 < [n| <4.7

i 1 1 I 1 1 1 1 I 1 1 1 I 1 1 IT 1 I 1 1 1 I 1 1 1 1 I 1 1“ bl 1l 1 1 I 1 1 1 1 I 1 1 1 I 1 1 IT 1 I 1 1 1 I 1 1 1 1 I 1

0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 2.5 3

Ap [rad] Ap [rad]

The slope decreases as function of Az (2 to 1.5 orders of magnitude)

=
@ [he correlation is much weaker that in the inside—jet veto scenario
@ HERWIG++ vyields the best description

o

PyTHIA 6 - Z2* without MPI fails both in slope and normalization

" Albert Knutsson Forward Jets, Forward+Central Jets, Etc... 29
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Results - Leading inter-leading jet pr

Pedro Cipriano DIS14
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Figure: Leading inter-leading jet pr \sE

compared with MC predictions
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