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Apparatus
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Apparatus

Hadronic Forward (HF) Calorimeter

Located at 11.2 m from IP

Rapidity coverage: 3 < |n| <5
0.175x0.175 segmentation in n and ¢

Steel absorbers and embedded radiation-hard quartz fibers
for fast collection of Cherenkov light

CASTOR Calorimeter

* Located at 14.3 m from IP Air-core Light Guide

* Rapidity coverage: -6.6 <n< -5.2 i i : Yl

* Segmentation in ¢ (16 sectors) L 2= Reading Unit
* 14 modules (2EM+12HAD)

* Alternate fungsten absorbers and quartz _— /

plates



Energy Flow

« Jets are on top of the energy
deposites from Multiple Parton
Interactions (MPI)
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* Especially important in the
forward region
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* Good understanding of energy flow (MPI) is a prerequisite NN
for jets measurement. o 1 2 3 4 5 & 7
* But provides also tools for tunning MPI models implemented in MC




Energy Flow

Minimum bias

Hard scale Pr

Expectations:

Measurement for HF: 3.15¢<|n|<4.9

activity at both sides of IP
(coincidence between BSC) +
vertex reconstructed
(diffraction highly reduced)

Central jets: In| < 2.5

Back-to-back:

| Ap(jet,jetz) - m| < 1

Scale:

900 GeV — p_>8 GeV

7000 GeV — p_>20 GeV

« Energy flow should rise with energy
« Energy flow should rise from MB to di-jet sample
. Test different models (and tunes) of MPI



Energy Flow

E : IE’:EEE:‘;E;; Minimum Bias Minimum bias sample
~ | e Pythia 8
~ | . Herwig++ (MU900-1 resp. UET-1)
g el e ead ey o + ,,,,,, * Pythia 6 band (~20%) composed from
) [ /[TeV. different tunes, including those
< tuned to LHC central region data
i w (Z2, P11, AMBT1) — do not do well
d: 0.9 TeV
* Pythia 8 flatter than data
: * Herwig++ describes data at both cms
] HM'T'T'."T'.'TT TP ol i v energy with some problems at
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12 * Significant contribution from MPI
| N interactions (Pythiaé without MPI
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interaction ~ 40% below data)



MC/Data

1/N (dE/dn) (GeV)

MC/Data

QCD Dijets Y&=0.9 Tey tl:l.r 8 GeV)
=l Coerected Data
Pythisb Tune
— Pytivia B
..... Harwige+ MLIS.
1111111 Pythiak DET - no M
* CASCADE
1“2 E TTT TR
e T &
3
an
B A
Z—l“ M T T T T e
1.5+
1 n . ‘ ross ’ ......... t .....
0.5~ e

3 32 343538 4 424446 48 T‘ﬂ

QCD Dijets va=7 TeV {pT:-:!{! GeV)
10°0
‘_... AT AET1 ST FETE ST PETE PN PN P
1.5
1 _*_illl!*llﬂun‘uu-—‘—h_.‘.m
0.5 AR AL v s g st

3732343638 4 424446 48 .’hl

Energy Flow

Dijet sample
* Energy flow larger than in minimum bias
sample central events are selected with scale
cut
* Pythia 6 band envelopes the data
* Pythia 8 describes the data at 7 TeV

* Herwig++ (2.5) well describes data at 7 TeV

* Large contribution from MPI (switching of f
MPI reduces energy flow by factor of two)



Energy Flow

Measurement for CASTOR: -6.6<n<-5.2

Minimum bias
Similar definition as in HF analysis + cut on minimal
h ¢ & energy deposit in CASTOR (noise removal)
Hard scale Pr Central jet: |n| < 2
Reconstructed with a track-jet algorithm
p>1 GeV

Energy flow in CASTOR as a function of jet p_

* Three energies: 0.9,2.76 and 7 TeV
* Results quoted as ratios E(hard)/E(MB) - removal of most of the systematic effects



Energy Flow
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« Good description by the PYTHIA LHC tunes: Z2*, 4C
e Pre-LHC tunes fail: D6T
« Herwig++ 2.5 describe the data well



Energy Flow

« Normalization to 2.76 TeV sample done separately for MB and dijets (p_>10 GeV)
Minimum Bias Dijet (p>10 GeV)
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Forward jets

* Forward jets in LHC

- access to x~10° Acceptance of the forward detectors
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Forward jets

* Forward jets in LHC

- access to x~10° Acceptance for forward jets (HF)
. >
* Forward jets appear usually &108[ T Atias ana o
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Forward jets

Forward jets in LHC
- access to x~10°

H1 and ZEUS (prel.)

Forward jets appear usually

) ) . . = I -
in asymmetric collisions _ Q= 10 GeV? s
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* Forward jets in LHC
- access to x~10°

* Forward jets appear usually
in asymmeftric collisions
X1« X2

* Forward jet in HF with
p.>35 GeV: x~10"*

* Access to gluon densities at
small x

* BFKL vs DGLAP -
correlation between jets

log (1/x)

non-perturbative

saturation
region




Inclusive forward jets

CMS, pp —jet_ +XNs=7TeV,L =314 pb’ FWD-11-002,
s | = « 3.2 <|n(jet)| < 47 JHEP 1206 (2012) 036
8 105: — — PYTHIA 6 (Z2) 3
3 | T romee g | * 3.14 pb™ from 7 TeV 2010 (low pile-up)
EEE 0 . eaeees HERWIG 6 (+JIMMY) -
e 03: SR Gl CADE . Single jet trigger with p >15 GeV
L T E
S =l - « p, and n dependence remove using dijet

f and jet+photon events

10¢ 32<hl<47 e
j * Fully corrected to the hadron level
,

40 60 80 100 120 140 CMS, pp —>jet  +X\s=7TeV,L =3.14pb’
P, (GeV/c) : = j—— :
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EXper'lmenTC(I UHCer‘TGInTIesi '§ 40f %f:fe?orlﬂi’iosgieunfolding ]
* statistical unc.: small (1-10%) 5
g 10t
* energy scale unc. ~6% — scales to 20-30% for g
the jets cross section & 10/
ol L
* resolution + detector->hadron corrections: 3-6% 300 go<i<4z
-40

: : : 40 60 80 100 120 140
* Luminosity uncertainty: 4% incl. forward jet p, (GeV/c)
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20 40 60 80 100 120 140 160

CMS, pp —jet_+X\Ns=7TeV,L =3.14pb"

[ | Total uncertainty
- = NP (PYTHIA - HERWIG) .
====: HERAPDF1.0 ymmmmm—n

32<hi<47

P, (GeVlc)

Results:

* Fixed order QCD, NLO+PS and DGLAP MC

describe the data

* BFKL-type HEJ describes the data 3
* CCFM CASCADE seems to be below

* NLO is 20% above the central value 0.6  32<hi<47 —

Theoretical uncertainties:

* Non perturbative effects (model difference in
hadronisation corrections) - dominates at low p_, 10%

« PDF uncertainties dominate at large p_, up to 40%

* Scale uncertainty 5-10%
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Central jet

v ' 1
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* Similar selection of events with a pair — forward + central jets
* For a central jet: |n(jet)| < 2.8

Forward jet
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dzofdednc(MC) | foldp.dn°(data)
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Results:

* Large discrepancies, especially for central jets

Models overshoot the data
HERWIG6 and HERWIG++ do the best job

CASCADE predicts different behaviour
For forward jets most of the models predict

steeper shape (more low-p_ events)

central jet p, (GeVic)

forward jet p, (GeV/c)
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Pink line: ratio of no-MPTI to MPI Pythia

Inclusive forward jets

Measurement of forward jets in pp collisions at VE =TTV
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Important at low p_

But still important
at moderate p_



Dijet production with large rapidity separation

FWD-10-014,
* Three samples of dijets are defined. In all samples:  Eur.Phys.J. C72 (2012) 2216

- a pair of calorimetric jets with p_> 35 GeV and |y| < 4.7

(1) Exclusive sample: exactly two jets (defined with above
requirements) are allowed for an event.

(2) Inclusive sample: each pair of selected jets is taken

(3) Muller-Navelet (MN) sample: a subset of inclusive sample where
only most forward-backward jets are selected

* A cross section for events from the sample is calculated as a function of
|Ay| between the jets

B Jmm(dijet)

cr,-m_-;(dijet)
R.-'nc — k Run = s
! W Oexcl(dijet)

* Finally cross-section ratios: Oexci(dijet)

* Probe effects beyond the collinear factorization, increasing phase space in
| Ay| — radiation probability increases



CMS, pp. is = 7 TeV
[T T TTTT |1'I"|||| TTTT T ||| |.|| T III T I_
|i| 20N0 dala o
- PYTHIAR £2 dets =
p.>35GeV -
— PYTHIAE AC T
. lyl < 4.7
R — HE RWIG++ UE-TO00-EE-3
T — HEJ + ARIADNE
S — CASCADE i -
e 'l PR Freea| aalany |..|.JJ|..|.]_
o 1 2 3 4 5 & [ 8 9
Ay|
CMS, pp. Vs = 7 TeV
- '_L AL R | I | ]
 — PYTHIAG 22 Qs :
- p.>35GeV ]
ssssmnamen [P THIAR 40 T .
3 lyl <47 3
ey HERWIG s + LIE-TOOO-EE-3 ]
[ e HEJ « ARIADNE -
=== CASCADE
s :'. ------ E ----- ]
i P .

o(inclusive) = 1.2-1.4 o(exclusive)

R rises with |Ay| as expected

For largest |Ay| the drop in R is observed -
kinematic limit

PYTHIA Z2 and PYTHIAS8 4C agree perfectly
with the data

HERWIG++ predicts higher R at medium and large
rapidity separation

HEJ+ARIADNE and CASCADE (BFKL-motivated
generators) predict much faster rise of R

Keep in mind - p_> 35 GeV, what will happen
at lower p_?



Summary

* Plenty of results based on activity and jets in forward detectors exist
* Forward energy flow in 3 <n< 6.6 — MPI, small-x physics
* Inclusive jets — PDF, BFKL/CCFM/DGLAP
* Correlations central-forward — BFKL/CCFM/DGLAP
* Additional jets in an event — BFKL/CCFM/DGLAP

* Still many results to come soon
* Angular correlations between jets
How low in p_ can we go with our data?

Even more forward jets
Observables at different energies: 2.76/7/8 TeV (14 TeV in future)

Stay tuned...

But not only stay — it is time to follow with theoretical interpretations and
predictions
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