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® Soft QCD program at the LHC is extremely
large. Not possible to cover anywhere near all
of it in 25 minutes. A few areas

@ Minimum Bias Results
@ Min Bias with particle ID
@ Correlations and Event Shape Results

® Underlying Event Results
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Minimum bias is experimentally defined (by the trigger or some

other phase-space cuts).

® It is a measure of what happens on average when you collide
two protons

® It is important because it forms a background to the higher pT
physics.

® Multiple independent collisions (a.k.a pile-up) are min bias,
which provides a background plus noise contamination of
signal

® Fluctuations in the “average” event can look like signal

® Therefore we need min bias to be well modelled by Monte
Carlo = compare measurements to different MC tunes.
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® The existence of correlations between final state particles is an
indication that there is a common origin for their production.

® Simple example: decays of clusters could give rise to particles
close together in n and .

® Another example: if radiation is emitted at a given angle, ¢,

then there will tend to also be emission close to n-®o because of
momentum conservation.

@® In general, the pattern of correlations can be quite complicated.
Models of soft QCD dynamics (as encapsulated in Monte Carlo
generators) need to be able to describe this.

13



o B S 4
4 ! | o - .
4 ot
f ‘ 7 - B/ ',_t ) .
. - e ' z
; 'l < e
- ' £ ""‘ g » P

@® Two particle correlations consist of a
foreground and a background.

® Foreground = take An and Ap &
between each pair of particles in an
event. Fill a 2D histogram with those \
Y ies Foregroun&\
@® Falls with An because of phase L . |
space, but there is also structure (e.g. An
peak at 0,0)
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® For the background take the An and Ad
between particle pairs in independent

events.

@® Accounts for the phase space effect plus
some other detector effects

@ Divide the foreground by the
background to give the observable

d .V,
B (An) :/ / dnidn2d (m — n2 — An) dnh

n=mn

Note the different normalisation: the background is

normalised by dividing by the number of entries (=
“the no. of tracks) to give unit integral

o

dN ch
dn

n=mn2

R(anA¢)
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Two-Particle Correlations

E_ ;:eA\:)<JT, _—;—_II\D/:;ZQTune 35_ 900 GeV
- ATLAS Preliminary 5 DW Tune - 0<Ag<m
- L : E::Zti;u:ine / r ) - ATLAS Preliminary -- —¢— Da
E :g g: —— Pythia8 Tune P | E - 00 m —©— MCO09 Tune
:_ !D D! g_? 1:— SO Og
E gu Dgg 37' E ‘U U.
- | & o= e =]
1 s
_1;?-3DDDDDDDDDDDDDEE HEEDDDDDDDDDDDDDD[I] _1%_0000000000000222 32'-9-00ooOoooooooo(i>
‘_22 ggiii 53'.“” 22 = "--____-
2 20—
g 1 f_ _E_ E\:Cv (?u;ne DDDD | g’ 1 f_ —6— MC09 T
- ojet Tune - une
g oS Ll o388g0n e
= - ] ] = - Z
=3 jl‘i ﬁ 3 oF o0 o
= ¢ g“ |Ilii L] Wy ii!l| !l! u? = 0000000 ©000000 -
[in o5 Oé;g! D:D S E D; !ogéé o -O.ST(})@OOOOOOOO OOOOO OOQCI) \.{{:
A _EDDDDDDD DDDDDDDLJP _1% : -
An An
Y ~':“:i -5-
pare to MC by An distribution (by mte.gratmg the
Gver Ad foreground and background separately :
g over {O 7:} at 7 TeV and 900 GeV) :




-

&

Two-Particle Correlations
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@® In a specific region of phase
space, Nch(pT > 400 MeV) >
110, and for particles with 1
e pl < 3 GeVgGis
observe an interesting ridge
showing long range
correlations between tracks

@® Interpretation is open for
debate...

R(An,A¢)

(c) CMS N> 110, pT>0.1 GeV/c

R(An,A¢)

(d) CMS N > 110, 1.0GeV/c<pT<3.0GeV/c

’ T .
- TR "o S
¢ S - 5 " -
1 8 - Pl L S R e
2 & (7 > NUNES



f

f,::‘?,;ﬂ' ;
C

» ; , ,( | o
Two-particle: Correlatlons at hlgher "%‘

‘Vr 2 "* \ a J : ‘

tYQ

0.1GeV/e<p, <1.0GeV/e | 1.0GeV/e<p <2.0GeVie | 2.0GeViep <3.0GeV/e | 3.0GeV/e<p, <d.0GeV.
i [N<35 , cMs pp 1 1 2.0<IAnI<4.8
! — PYTHIAS 1 }

° []

R(A(I))

: | G:ﬁﬁﬂ,,w
@ In a specific region of phase

- space, Nch(pT > 400 MeV) > S

- 110, and for particles with 1 d
GeV < pT < 3 GeV, CMS
observe an interesting ridge
showing long range

correlations be ween tracks

R(A9)

R(A9)

R(A9)

oL y

' Interprete

1 is open for
baic }”

.".-'

Same 2D plot in profile

-~

-~ W
S - -
- Midy: ;
O LGNS N e e
A, 1 g 8 o ie I 7o
< . _ A B R PR NV e



Diffraction is the low t (momentum exchange)
limit of scattering processes.

® Results from the exchange of (composite)
colourless objects - a large and important
contribution to the total cross section

® Exchange of colour singlet is typically
accompanied by a rapidity “gap” devoid of
radiation in the detector.

® ATLAS has measured the cross section as a
function of that gap size

® Gap defined as a region with no track of pT >
200 MeV and no calorimeter cell with an energy
deposit above a noise pedestal.

® The noise pedestal is defined such that the

probability for a noisy cell to exceed the
threshold is 0.00014
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@ Determine dN/dQ (Q? = (p1-p2)?) for

> 1.8 L L o e
] [ ]
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@® Underlying event is a feature of
(Monte Carlo) models that
describes what happens to the
part of the proton that does not
participate in the hard scatter

@® Secondary soft interactions
between the proton remnants

@® Important because it can add
radiation to your final state, fake
your signal, mess up your jets

@® Related to, but not the same as
min bias

@® There are a set of observables
to which the underlying event
models can be compared and
their parameters tuned...
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> AVEL
@ Identify leading particle or track leading track Ad

or calo-cluster in each event

@® Define 3 regions relative to this:

toward
e [Ad|<60° %

s’
~ ’

@ Toward: |Ad| < 60°

~ s

transverse “«_ .° transverse
60%|A9|<120°, . 7" "~ ( _60%|A¢|<120°
_ndme away sS4

o [Ap[>120° ~.

® Away: |Ad| > 120°

® Transverse: 60°'< |Ad| < 120°

@® Determine pT sum, multiplicity,
av. pT of tracks and other
observables in each region
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® Shows Ac|> distribution of pT
from leading track

@® Spike at Ad = 0->radiation

® Increase as Ad-> n
corresponds to recoil
radiation

@ This structure gets more
obvious as lead pT increases

(emergence of jets)

@® Note the dip in between (the

correlated to the leading track
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® The first year of data from the LHC has lead to a
panoply of new soft physics results

® These valuable results have already fed into
Monte Carlo tuning efforts, and will continue to
do so

@ Could only show a small selection here

® More coming in the future...
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