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outline

e aim of study

e energy flow, physics quantities to study and samples
e ATLAS —n coverage and selection cuts

* low-x = forward/high rapidity

e ATLAS forward energy flow results

based on JHEP11(2012)033, updated ATLAS-CONF-2012-164

and Tim Martin’s presentation
http://indico.cern.ch/getFile.py/access?contribld=7&sessionld=1&resld=0&materialld=slides&confld=250772

* summary
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aim of study

collisions around and above electro-weak symmetry breaking scale (~ 246 GeV)
typically involving high momentum transfer

—— Cloug, N T o
2K z SOFT UNORRYY IN
\\ ™ ST PARTICLES |
N\ ‘SQ- : R ==
‘ %7\‘?@ '
i 3 B == HWD SUepRoresy
y/
L/
o SOET UNDRLYING
@,:"‘ AISIT PRETICLES
e RENNANTS

from M. Lancaster (UCL)
need: Monte Carlo generators accurately describing soft particle kinematics
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energy flow and samples

we will study energy flow, via

o 1 dN
event multiplicity: , E1 is transverse energy, Er = E sin 0 and 0 is scattering angle
Nevt d Z ET
in bins of pseudorapity,
. A YEp
and via energy den5|ty: W , Where @ is azimuthal angle around the beam pipe
nag

we will consider two samples

 min bias (MB) —in order to describe well soft particle kinematics
e dijet (DJ)—in order to describe hard parton-parton scattering

LHC run 2010, /s = 7 TeV

[ L= 7.1 ub~! minbias sample
590 ub~! dijet sample

31.8.2013 EDS Blois 2013, Tomas Sykora, ATLAS measurement of energy flow at low-x 4



ATLAS — n coverage and selection cuts
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considered |n| range

MC cuts:
charged (neutral) particles with momentum p > pyin = 500 (200) MeV, and n| < 4.8

MB:
* MB: Ncharged = 2, With pr > 250 MeV and [n| < 2.5

DJ:
«  E®t_ > 20 GeV, [W/®| < 2.5, anti-k, with radius R = 0.4
* back to back topology |Ag0j]-| > 2.5 and EjetlT/Ejet2T> 0.5

data: MB has lowered cut on pp to 150 MeV, clusters: calo seed cells |E| > 40, neighbors
& surroundings 2o
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low-x = forward/high rapidity
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reconstruction — energy scale calibration
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fit range

* energy response calibration using m° — yy candidates

* invariant mass for events exactly with 2 y to suppress combinatorial background

PYTHIA 6 AMBT1 used for signal and background

typical scaling factor 2-3%, for some n regions 10%
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MC generators used

PYTHIA 6 DW for ‘old style’ virtuality-ordered parton shower, no interleaving of MPI

other PYTHIA 6 tunes and PYTHIA 8 pp-ordered showers, MPI is interleaved in
common sequence of decreasing pr for initial-state (both) and final-state showers
(PYTHIA 8 only)

e Lund string hadronisation model

HERWIG++ utilises angular-ordered parton shower, including a model for MPI but
not interleaved with showering
* cluster hadronisation model

EPOS - primarily heavy-ion and cosmic showering MC — uses Gribov-Regge effective
QCD-inspired theory to simultaneously describe hard and soft scatters - no use of
PDFs

Hydrodynamic evolution of p-p interaction calculated at high parton densities as it
would be for heavy-ion collisions. EPOS LHC tune parameters derived from LHC
minbias data
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dijet transerse and minbias ¥, E..comparison in || bins

0.0 < |n| <0.8
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dijet transerse and minbias ¥, E..comparison in || bins

0.8 < |n| <1.6
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dijet transerse and minbias ¥, E..comparison in || bins
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dijet transerse and minbias ¥, E..comparison in || bins

2.4 < |n| <3.2
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dijet transerse and minbias ¥, E..comparison in || bins

3.2<|n| <4.0

5 A B ATLAS\J_?TeVII."I_ N B ' ATLAS \s =7 TeV ®  Data 7
% 0 _— EféaAMEH 3 %J N —— Py6 AMBT1
e B "™\, Py& AUET2B:CTEQSL1 Q 10 s - PyB AUET2B:CTEQSL1—
Hlle - Py DW - <] - = : o Pyb OW =
] L T R = == - = PyB4C = B [5] - somrees -=-=- PyB4C =
= S0 — = Hat UET: = | - s — - He+ UET2 -
518 102 00 F== He+ UET-2 — S5 lB T n T
x, E . - --= EPOS LHC E X [ 32<m<40 - _] - - EPOSLHC ]
- ol 3-2 < |T'|_| < 4-[] ......... - E ‘__l & . -
= ] = 102 | M 22 (" > 20 GeV. 1" < 25) frassaren _
" I N ) EFXER =T FE R E Ij,r,"_ln | = 2.5, _Erlszlﬂ1 =05 . - E
10 N2 2 (p "> 250 MeV, e < 2.5) = - T
pd‘lincutral] = EGU{EUD] MeV . _.- - -E : P chineutral} . 500(200) MeV Ir-m-n'.rr
— — — — B Transverse region b I
2 i L | ! L L L ! i e -!-. .._: 2 :_. " | R T T T T Y | L L L ! ! E
oS : o2, [E== -
S|3 5. 3 = fa ] TR e -
1E = = ; 3
0.5E ' - 0.5 P e ——
0 5 10 15 ZD 25 3D 35 4[] 45 50 0 2 4 6 8 10 12 14 16 18 2(
Y E; [GeV] ¥ E;[GeV]
31.8.2013 EDS Blois 2013, Tomas Sykora, ATLAS measurement of energy flow at low-x 13



dijet transerse and minbias ¥ E..comparison in || bins

4.0< |n|<4.8
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transverse energy density
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central dip due to large fraction of low pt particles, less prominent in dijet data due
to hard scale

central minbias well described by PYTHIA6 AMBT1 which is tuned in this region
underestimated by 25% at high |n|

PYTHIA6 DW always underestimates, but better describes |n| evolution
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transverse energy density
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* MB: best description from EPOS LHC, falls faster with |n|

e with the exception of EPOS LHC and PYTHIA6 DW, appearance of some tunes to
agree better in some regions is generally due to differences in levels of particle
production

e all MCs shown, except EPOS LHC, do well for central dijet data
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transverse energy density ratio
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sensitive to multi parton interactions

reduction with n partly due to p cuts on particles in ) E.. (cf. no p cuts curve).

further decrease associated to additional UE in the central region from hard scatter

31.8.2013
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sensitivity of energy density: diffractive contribution

----- Enhanced diffraction

----- Suppressed diffraction

N
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compare nominal
[N=51,S=12, D= 8] [mb]
with

[N, S/2, D/2] and [N, 2S, 2D]

fewer particles in diffractive
events:

variation of cross section
alters normalization

shape of Ex9¢"1Y js not
significantly affected
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sensitivity of energy density: pdf contribution

sensitivity to choice of PDF in MC model was investigated with PYTHIA8 A2 family:

* tune A2:CTEQ6L1

 tune A2:CTEQ6L1 scaled to match A2:MSTW2008LO in central bin
* tune A2:MSTW2008LO

* tune A2:MSTW2008LO with A2:CTEQ6L1 parameters
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underlying event with jets

aim: underlying event study for inclusive jet and exclusive dijet topologies

cuts

inclusive: at least one jet with pr > 20 GeV and |y| < 2.8

exclusive: exactly two jets with the same cut as for inclusive
with [Ag;;| > 2.5 && E®_/EI°Y > 0.5

study central [n| < 2.5 and full |[n| < 4.8 regions with charged (neutral) particles
with p > 500 (200) MeV

2

. [d®YE.\ . .
plot average transverse energy density < T> in UE transverse region

dnde
as a function of leading jet p ¢3¢
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average transverse energy density is lower when using the full range than the
central one, most noticeably at high pp'¢2d
additional radiation associated with the hard scatter is concentrated more at mid
rapidity
in the MC models, the average transverse energy density falls faster than in case
of data when moving over the full range for low p€24 but remains consistent
with data for high pp!€2d
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MC/Data

exclusive jet UE
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* the average of transverse energy density in data is much flatter as a function of pTlead
* instead of rising it falls slightly due to veto of high p tail
* no significant changes in data when moving from the central range to full one
MC is observed to fall at low pp!¢2d
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conclusion

» forward energy flow is in general underestimated by around 20-30%,
with the exception of PYTHIA6 DW for dijet data and EPOS LHC for minbias data

 PYTHIA8 A2 is shown to have a better agreement if MSTW2008LO is used instead of
CTEQS6L1

e current models are shown to be less able to model the energy density for an

increasing n acceptance at lower values of pTlead with both an inclusive jet and
exclusive dijet selections
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