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= forward instrumentations around CMS and ATLAS

= some forward physics studies (low-x QCD dynamics, multi-parton interactions
and underlying event, long-range correlations, forward jets..)



Introduction

The LHC opens up a phase space for particle production up to 20 units of rapidity

While particle production is peaked at central rapidities (-3<y<3), the most of energy
is emitted at low angles
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Forward instrumentation around CMS interaction point
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Cerenkov radiation calorimeter.
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radial: 16¢p x long.: 14 sections

W/Q-plates AR \ S AL = PMTs
Sampling Units -

Armen Bunyatyan, What we can learn from forward detectors ? ISMD-08



Forward instrumentation around ATLAS interaction point
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Physics potential of forward detectors

* Low-x QCD dynamics
* multi-parton scattering and underlying event
» proton structure, BFKL/CCFM/DGLAP dynamics
* parton saturation

* Elastic, diffractive scattering

* Measurements for cosmic ray data analysis
* Proton fragmentation, Forward energy and particle flows...

- Two-photon interactions and peripheral collisions

- QED processes to determine the luminosity to O(1%),
e.g. pp > pp+ee , pp+uu

* Forward physics in pA and AA collisions

* New forward physics phenomena

CMS/TOTEM Note on Prospects for Diffractive and Forward Physics 2006; LHCC-G-124
ATLAS Forward Physics Program; ATL-PHYS-CONF-2008-020
Diffraction physics program in ATLAS experiment; ATL-PHYS-CONF-2008-019
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Multi-parton Interactions and Underlying event
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Basic partonic perturbative cross section: 10w

3 DY

1 min

diverges faster than 1/p*, .. as p, nin >0 01

and eventually exceeds 0y,; oo - Tevatron

0.001 -
r T. Sjostrand, P.Skands hep=ph/002073

0.0001 L L i o
081 2 5 10 20

Prmin (GeV)

Consequence:
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Multi-parton Interactions (MI) and Underlying event

Outgoing Parton

R.Field

Proton

Underlying Event Underlying Event
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In addition o the single hard interaction with large p+:
- interactions with lower p; (remnant-remnant interactions and parton shower)
- additional hard parton-parton interactions
= higher particle multiplicity, energy of fset
- important for jet analyses (pedestal under the jet) !

> may fake a discovery signal ! _
e.qg. pp2>W+H+X; W->|+v and H>bb vs pp > W+X, pp>bb+X without any Higgs!)

Del Fabbro, Treleani
Phys.Rev.D66, 074012, 2002
Understanding and modeling of Underlying event and Multi-parton interactions crucial
for all precision measurements!
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Tuning of Monte Carlo generators

Modeling of multiple interactions depends on how soft interactions are treated, but
also on the parton densities and factorisation scheme, parton evolution...

- different models for UE & MI available
color flow, string lengths ..

- parameters in the MC generators can be tuned (but not always)
presently reasonable agreement achieved for TeVatron
what does it mean for LHC ?
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Tuning of Monte Carlo generators

Modeling of multiple interactions depends on how soft interactions are treated, but
also on the parton densities and factorisation scheme, parton evolution...

C.Buttar et al.,
HERA-LHC Workshop

- different models for UE & MI available ] 2 evTIAG2Ia- ATLAS e e
color flow, string lengths ... 2 m; PEIEE 12
) E 10 - © PYTHIA6.214 - CDF tune A
- parameters in the generators can be tuned g
(bUT not CllWClYS) E < @ CDF data
=presently reasonable agreement achieved for s st e A
TeVatron 5 A
. : GWO%Q%GDWOE’Q@G
what does it mean for LHC ? 4
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Models tuned to TeVatron data give huge differences at LHC !

Tuning the models to the real data needs attention from the first days !

Why need to Central region does not easily distinguish between processes/models
look forward ?  Differences visible in p-fragmentation region, at largest rapidities
p-Trag g g P
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Underlying Event: Long Range Correlations

*with forward detectors we can span the energy flow measurement over large rapidity

range
=studies made: use energy deposit in 5.2«n<6.6 (CMS-CASTOR) as a trigger to study the

long range correlation

central forward

N\ eeerpane

no correlation

M/,f///—_”,éﬁ

long range correlation

Armen Bunyatyan, What we can learn from forward detectors ? ISMD-08 10



Underlying Event: Long Range Correlations
= with forward detectors we can span the energy flow measurement over large rapidity range
=studies: use energy deposit in 5.2<n<6.6 (CASTOR) as a trigger to study the long range correlations
Charged particle (P>1 GeV) multiplicities
ECAST:Zqur-r (5.2<n<6.6) ZRurikova,

central forward HERA-LHC Workshop
= I
: : T |
trigger particle 2 b E Eﬁﬁv?-ﬂﬂ GeV
_,_,_,—/—/_" "1 | = Tune S0
Z | == Tune A
° -
ho correlation
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long range correlation

-

1/N,, dN/dn
y— E- p—— a
1/N,, dN/d

- Pythia without MI = no correlation
« Pythia with MI:

=> long range correlations, trigger enhancing

differences in the central region 10 -5 0 5 121
i -Rick-Field's CDF tune A  (tune A)
= forward measurements are sensitive to Bick Fiekd's COF tune 4 June

the differences between tunes ! -MI switched off
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Is Underlying Event the same for all processes ? Compare min.bias vs top

Charged particle (P>1 GeV) multiplicities
Ecasr=2Epart (5.2<n<6.6)
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-Rick-Field's CDF tune A
-Sandhoff-Skands tune O (tuneSO0)

-MI switched off

700<E ., . <1000 GeV

(tuneA)

Z.Rurikova,
HERA-LHC Workshop

EcasT"mu GeV

In fop production much more underlying event activity than in min.bias QCD processes!
Underlying event extracted from min.bias QCD can not be simply applied to 7op.
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Underlying event: min bias vs top production

= Underlying Event depends on the hardness of collision:
Softer collisions > less underlying event

Harder collisions - more underlying event

*When demanding hard Et(jet)> 40 GeV in central region |n|<2.5, differences
between Underlying Events in QCD and in fop processes almost disappear.

_ - min hi Z Rurikova,
dN/dn(MI)-dN/dn(noMT) vs n: min.bias QCD vs top HEE;_BX& Workshop
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Top min.bias QCD

» This can be useful for fop analyses |
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Underlying Event and Jets

¢
= Particles from Underlying Event contribute to jet energy o
measurement: Et(jet), . .crea= ET(jet)..qs + pedestal £ Bunyatyan
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No MI - no pedestal MI - pedestal;

Pedestal independent on n(jet) but
depends on collision hardness

Er(jet) larger > pedestal larger

= Jet profiles can be used to determine the energy pedestal due to Underlying event
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Determination of true jet E;

measurements in forward calorimeters may help to determine pedestal

shape and so to get "true” E,(jet)

castor
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n

; 8 [ * Jetprofile, 0 <1< 0.5 A Bunyatyan
(5 7 [MEl E,in6.6>n> 5.2 | HERA-LHC Workshop
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Fit o jet pedestal:

A
1+ B-e™™

f(n) =

- Detfermine true jet Et
by measuring pedestal in
forward n > CASTOR
and HF

(but may depend on model)

measuring jet profiles up to very forward rapidities allows to determine

the jet pedestals and thus obtain “true” E.(jet)
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Low x proton PDF studies

X (zjets, DY pairs,z ,os[ =2 m
. <) E 3 zEUs
HQ palrs"’) NCV [ IO CDEDO Inclusive jets n<0.7
> 4 10 4 E Il DO Inclusive jets n=3
; [] Fixed Target Experiments:
p > Xl X2 > p 3l CCFR, NMC, BCDMS,

> < 10°E
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at LHC for Q>10 GeV, y=0, x~10-3

- domain probed by HERA and TEVATRON O o
= need to go to forward rapidities to Eéf_'f;fé%gm i

exploit new low-x domain

PYTHIA 6.4: p+p— jet +jet,,\s = 14 TeV l 0.1
(two units inm > one order of magnitude in x) S

jet, ,in3.0<m| <50

—0.08

jets at CASTOR (5.2¢<|n|<6.6) probe x~10-¢!

I II””'I| I|IIIII
1/ P

> constrain the low-x proton PDF T
N -6 -5 -4 -3 -2 I::g(x)
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Low x and Saturation with forward jets

H1+ZEUS
0l @Gy H1 NLG-QCD Fit 2000

,,,,,,,,,,,,,,,, vex

Strong rise of gluon density at low-x

..............

at very low-x linear equations violate unitarity,
collinear and k, factorization invalid

ZEUS NLOG-QCD Fit
(Prel) 200
e (L)’

VEN heary-quark schem
) [ exp. unceri.

=»saturation

forward measurements give access to low-x e I
regime and possible saturation effects

=Mueller-Navelet dijets (separated by large pseudorapidity interval)
-sensitive to non-DGLAP evolution and the saturation effects

—~>select dijet events with jet in each of the two HF/FCAL/CASTOR
(Ay ~ 10 1) and P¢T~ 30 GeV
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Detailed studies of Ay evolution are well feasible
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=Forward Drell-Yan pairs: e+,e- measured at 5.2<n<6.6,
- probes the PDF down to x~10-7
- sensitive to saturation effects

cross section is reduced by factor 2 when using saturated
PDF EHKQS (with nonlinear term in gluon evolution) o

0.2

52 < ne+;ne— < 66

(A. Dainese et al.,
HERA-LHC Wor‘kshop_:

CTEQSL
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Parton Dynamics with Forward Jets

Forward jets- very sensitive probe of parton dynamics
X

' / Jet ..... k'-T
>* < SIS ordering
P : X1 X2: p Y

DGLAP: Matrix I%Iement
Resums terms depending on parton virtuality, —  {
resulting in ordering of virtuality of | ke
““““ propagators ~kt of emitted partons S S
_____ (implemented in e.g. RAPGAP and PYTHIA MC) o
Random e T
""" walk in ]{;_T

BFKL, CCFM: (no kt ordering)
Resums terms depending on parton propagator fractional momentum

Matrix Element

- BFKL : Strong ordering of momentum fraction of propagators

..... Random CCFM: Angular ordering of gluon emissions (implemented in

s T CASCADE MC)

e Non DGLAP like dynamics can be estimate with Colour Dipole Model
(cOM)
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Parton Dynamics with Forward Jets

In ep physics DGLAP describes inclusive measurements (e.g. F,), but fails for more
exclusive final states, for example forward jet production:

e r-) ¢ H1
.E, 1000 E. scale uncert. m
------- — E RG-DIR (DGLAP) |3
o —CDM E:
o .
~ O
3 5
forward jet 500 | —4— %
[
P C E

HERA result: ordering of kt of emission in
DGLAP is not sufficient!

R —_—
---.-,-.SHF'HE B RO M AN AN AN

Ne?d more hclxr'q eggs,\jz\lons in forward region, 0 001 0.002 0 003 0 004
as tor example in XBJ (Bjorken scaling variabfe)

LHC opens up phase space for emissions, higher order reactions
- small x physics
- gain information of the full evolution

= Tool to learn about higher order QCD reactions
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Parton Dynamics with Forward Jets (studies with CASTOR)

Selection: 2 central jets + 1 jet in CASTOR detector features applied
region (5.2<n<6.6) region; Ee™> 10 GeV experimental problem: large particle multiplicity,
detector granularity not sufficient to use
P hadron level _ A Knutsson conventional jet algorithms
= HERA-LHC Workshop > F
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=ARIADNE (Color Dipole Model) with more BFKL like | @ ;e

—
<
(]

final state, with partons unordered in kt predicts
more hard jets in the forward region

= can distinguish between different parton dynamic
schemes

=> PDF uncertainties are much smaller
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Implication of forward measurements on UHE cosmic ray physics

Equivalent c.m. energy\'s,, (GeV)
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200 T = uncertainties from extrapolations from
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™, 55;3;_;&5%% == |k : SpS, HERA, RHIC, Tevatron to GZK limit
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£
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= The measurements in forward regions give access to a reach physics program

= These measurements can improve our understanding of QCD effects
o New unexplored region of small-x > Parton evolution and saturation effects
o Underlying Events and Multi-parton interactions = crucial input for all
precision measurements
o Jet profiles
o Long range correlations
o Forward jets

= The forward instrumentations of LHC

—_ 4 max o —
"‘; 10 i = s/2 exp(n) experiments have capabilities for these
3 . measurements |
‘“; 10 ATLAS, CMS
o ~11m
?_‘10 2 =Still room for improvement ?
= ~14-17m In present configuration of ATLAS and CMS the
pa a) pseudorapidity region 6.6+8.3 not covered;
10 g § ZDC (n>8.3) detects only neutral particles
1 % & g h 140_24?3?,% The possibility to fill this gap with a calorimeter
o3 § ?‘3 qﬂé (e.g. at ~130m) has to be investigated
0" B 3 3 5
.I.UI....I....I....I....IU.I..
-10-75 5-25 0 25 5 7.5 10
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