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Latest news!!!

AE- oftoday we have reached 135 1032 ::|'r'|_'2 sec

o Wien 312 bunches, ~1.1 10" protons/bunch, p*=3.5m

5 This year's target is ~380 bunches = 1.6 10%

Next year we could expect

5 Up to a factor 3.5/2 from squeeze to B*=2 m = 2.8 10%

9 Afactor ~3from D50 nsec frem more bunches = 3.4 103
m Assumes 50 nsec bunen separations

9 Upto afactar f1.3f1.1]2frnm more bunch charge = 1.2 103

L | "'1.3 1[:'11 protons per bunch have besn sean already

O Even stronger squeeze (Bt=15 m)? = 16 1[]33
O Maybe even smaller Emittances? '-_'?

O 4+4 Tevis being strongly pushed by the management
0 454'45 TEU seams too risky at the moment

| DlTTEIFEIHt cross sactlons, put erfect on luminasity should e negligible

= the message is. getready for ”‘1033
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QCD

Scattering processes at high energy

pl“OtOI"\ - (antl)proton cross sections

10° 10°
hadron colliders can be classified as
:|
10
eith er HARD or SOFT
107
Quaﬂtum ChromodynamEcs (QCD) is 10°
the underlying theory for all such 10°
processes, butthe approach (and the 10°
level of und erstanding) is wvery different "
10
for the two cases
10°
1
For‘ HARD processes, E.Q.Wor high- 10
ET_jet production, the rates and ewvent 10"
o _(E™ > 100 GeV)
properties can be predicted with some = 10"
precision using perturbation theory &
10
o 10°
FchOFT processes, e.g. the total - :
o _(E™ > Vs/4) 10°
cross section or diffractive processes, o5
o, (M =120 GeV) .
the rates and properties are dominated faae 10
200 GeV ¥
by mnon-perturbative QCD effects, which 10° 10°
i 500 GeV
are much less well understood 10.7 PERISSEAERE . remes 10.;-

0.1 1
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\Total cross-section

Eiasztic Sca:tqung Sing"' Diffraceion Doubie Diffracrian

Rick Field’s

Pictorr’af

Repre.ﬁeﬂtation L
Unuq.rlym_u Evene
f
h h
Elastic and diffractive processes \Y//\T\\\
= leading hadron emitted at small angle i . \urapidity gap
I|::|:'| %D !

R
The exchange ("pomeron”) is colorless %}
= large rapidity gap P
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Characteristic in pseudorapidity

CMS
TOTEM Tracking TOTEM
Castor, & Castor,

ZL}C_, 42'5'”1 Cﬂlor‘iﬂ‘lET":}" Ebf. 42{}”1

Elastic
(25% of o,,,)

Single diffractive
(10% of o,,,)

Double diffractive
(~1% if o)

Central diffractive
DPE (~1% if o,)

Inelastic
(non diffractive)
(60% Of CII’DI)
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nteresting?

Why “soft QCD”

S

“Soft” Hard Core (no hard scattering)

It is non-perturbative
physics and has an

! . It is an essential ingredient
Interesting phenomenology

for precision high pT

9 Beam remnants physics
9 Multiple Parton Interactions 0 Causes an experimental
a9 Color recombination bias: energy scale,

=> All adding up to the isolation, efficiencies, fakes

colorless objects
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\Minimum bias at LHC

" Pre-LHC era

=] 10
El
FYTIHRAR 214 - ATLAS E
B T asess PYTHIAS 214 - COF tune A . i
?..Eh . - PHOUET1.12 §
S s
rd
L
B P inleractiong &
= LAS and CDF dala z'
o
L]
ta
4
y | ATLAS
—
EPJ C 50, 435 (2007)
0 » ; .
/ 10" 10" 100 10"
Ve (GeaV)
L
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ATLAS

= Minimum bias

events: |

0 Require 1 MBTS counter
to fire on either side [

0 Require reconstructed Bias Trigger
primary Vertex Scintillators

_ (MBTS)

0 At least N good quality

tracks 2.09< Nn < 3.84

all events
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\Minimum blas measurements

e charged particle reconstruction

Q various possibilities with different systematics
- hit counting
O estimate charged particle density via number of hits (clusters) in
pixel detector layer(s)

2 pros: access to low pr particles

< cons: determine secondary contribution from MC, no momentum
measurement

> “tracklets”

O correlate hits in two (three) detector layers to form track
candidates
< pros: access to lower py particles
= cons: no momentum measurement
- tracks

O reconstruct complete tracks
< pros: low fake rate, momentum measurement
< cons: challenge to access low py region

e vertexing: important tool fo remove fakes and background
- and identify if several interactions per bunch crossing
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ALICE publication

First published results from LHC experiments
arXiv:0911.5430v1 (28Nov 2009), EPJC 65 (2010) 111

Based on 284 recorded events, published
pseudorapidity spectra of charge primary particles for
inelastic mnteractions (INEL) and non-single diffractive
(NSD) interactions.

Results at 900 GeV and 2.36 TeV tollow trend
indicated by lower energy measurements: ISR, UAT,

UAS5, RHIC, Tevatron
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ALICE publication

dN,,/dn @ 900 GeV n| < 0.5

r 1 LI ) T | T T L] LI T LI ) LI L]
;EE 5: 1 % - [« ISR (pp) INEL -
= - - £ 6~ + UA1(pp)NSD /
C L + ] - | = UAS5 (pp) INEL e -
. W ls T = UAS5 (pp) NSD P
C +._+L ;'|' 2, +$ % a2 * CDF (pp) NSD
C & ﬂ#* P —'—'—L['— T || O ALICE (pp) INEL ~ _
o o - s AuceE@pnso |, 7
B N Jrfr q
2 - - AT -
- -2 AT
- \J'_ =000 GeV 1 e E_?uf- r _LHC
1= = ALICEppNSD & UA5pSNSD| — e Ns=14TeV |
: o ALICEpp INEL 2 UAS pp INEL 1
L 1 D I el 1 Lol I P | L -1
05—+ e : 3
2 1 0 1 2 1 10 1005 (Ge)

European Physical Journal C: Volume 65, Issue 1 (2010), Page 111

Details: no magnetic field, charged particles from counting number of tracklets,
efficiencies from MC, confirms consistency with ppbar results (predicted dift 0.1-0.2%).
Only statistical errors shown, systematic of 7.1 %(INSD), 7.2% (INEL), dominated

by traction and kinematics of diffractive processes
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CMS publication

= First published ever results at 2.36 TeV

= Results at 900 GeV and 2.36 TeV tollow trend
indicated by lower energy measurements: ISR, UAT,
UAS5, RHIC, Tevatron
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Three analysis techniques

= Event selection 1s aimed at selecting NonSingleDittractive events with
high etticiency (rejecting large traction ot SigleDittractive)

m Efficiency: NSD ~86%, SD ~19%.

Tracks

# pixel-counting # Tracklets

Pixel Counting Tracklets Track
Clusters/layer 2 of 3 pixel layers TGS
*  Three dN/dn *  Three dN/dn dN/dn and dN/dpT
measurements measurements *  Most robust against
Largest acceptance = Less sensitive to backgrounds
«  Most Sensitive to backgrounds
backgrounds
Sensitivity: 30MeV/c Sensitivity: 50MeV/c Sensitivity: 100MeV /¢
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\Energy dependence

o5 ISR inel.

4 uA1NSD

A E735NSD

B cDF NSD

@ CMS NSD (|nj<2.4)

—— 0.425 - 0.0197 In(s) + 0.00156 In*(s)

lIiIIIlI Ll JI|

CMS /

1 11 11 111

I II|I|II|I1 I

06
~ (a)
0.55-
— 05F
L ¥
= -
@ -
(2. 0.45 —
&I—
0.4
0.35
0.3L
10

02

10
Vs [GeV]

3

10*

dN/dn(@2.36TeV )/dN/dn(@0.9TeV )

(284+1.4+£26)%

==

] T IIIIII'I|

T T .II|II| T T TTTTT

N,

- (b) CMS |
| ¥ UAINSD (O NAL B.C. inel. |
¥ STARNSD 5 ISRinel
61 A UAS5NSD [\ UAS inel. N
- M CDFNSD & PHOBOS inel. e
- M AUCENSD 1 ALICE inel. P
@ CMSNSD Q.-“
4 K] =
2 o -
C,g;s# we 0461 + 0.201 In(s)
o
--------- 2.42 - 0.244 In(s) + 0.0236 In(s)
] 1.54 - 0.096 In(s) + 0.0155 In¥(s)
ol [ IIIIIII| | | :IIIII| I | il
10 10°

10? 10°
Vs [GeV]
Ratio (@900GeV /(@2.36TeV

sigiificantly larger than prediction
from PYTHIA&PHOJET tunes used
in the analysis 18.4% & 14.5%
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‘ATLAS publication (March 2010)
CERN-PH-EP-2010-004

® Measure charged particle multiplicity distributions from
nelastic events
a Require N 21 (|n| <2.5 & pp > 500 MeV)

0 No removal of Single Diffractive component

= Results only at 900 GeV, at 2.36 data taken without fully
operational tracking (no stable beam conditions)

m Corrected reconstructed-track distributions back to hadron
level for all detector effects.
0 Measure trigger and vertex corrections from data.

a0 Impressive work on the experimental technique for data-
driven systematics (good investment for future)

Elzbieta Richter-Was Lectures on LHC physics
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Analysis strategy

Use charged particle multiplicity distributions
to probe soft QCD:

1 dNy, 1 | d* N, 1 dNgy

and (pr) vs. ncp

Analysis components:

9 Trigger and event selection

9 Track reconstruction efficiency

2 Unfolding from track to hadron level (using MC)

9 Compare to Monte Carlo phenomenological models

Elzbieta Richter-Was Lectures on LHC physics
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Efficiency correction from
Monte Carlo

S 1
FESARRRRRNNY
Trigger and vertex efficiencies £ o ATLAS Proiminary
derived from data +
o Trigger > 99.5% efficient |
(obtained from a control trigger) oot
Tracking efficiency from
Monte Carlo N gaapesse______
2 various data & Monte Carlo to set ? U:E;/"ﬁ ]
systematics 5 ,.f ATLAS preliminary
2 dominant systematics comes g L v ;
from knowledge of the material g o5l _+_ATLASM@9 ;
Unfold to the hadron level O e e

p, [GeV]

9 complicated procedure
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Track-to-particle correction

Correction for dN_ /dn, dN_ /dp, distributions
« Apply efficiencies and other corrections as weights during analysis

Event-weight e 1 1
= Trigger- and vertex efficiency Wev (Ngay) = VESY VBS
: €trig (Vaa Evex(Nga)
Track-weight
= Track efficiency 1
« Secondaries wuk(pr, ) = ——— _ (1 — feec(pr)) - (1 — fore(pr,m))
- Out-of-phasespace €bin(PT; 17)
mU.USS_— L R F : R — =~ 2.8 T T T a8 TE TTET Ty
f_§ E -G ul=Rin 3 S P, =500 MeV, 1| < 2.5, 0, > 1 ]
= 0.03 = Data » s =7 TeV (Uncorrectad) — i 27 s S ]
§ | —rmam nomsomeo | RAW? S il
e 3 ATLAS Prefiminary — distribution: 3:;‘" 2.25_-.-'" == L
e 4 Measured _ o - E
track density O — o —— =
0.015F = i ATLAS Preliminary -
g 3 1680 o \s=7TeV _'_'
0.01F 3 1.4 — PYTHIA ATLAS MCo09 E
= a | . : - PYTHIA ATLAS MCDSC :
o005t = e - Ao |
i = = . 1 - PHOJET =
1.06f == Beta St Uncertainties 9 F{na{ i 128 == DamaUncenainties E
o1.04; £ distribution: _ i ~ MC/Data
=1.025 H = E— -
SRk ] Charged E ooF ——— — .
0.98f R , 3 particle ) s
SoRaEl 8a0 By W S = ?1'5 density 0S5 515 05 0 05 1 15 2 25
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‘n spectra and particle multiplicity

1/N_, dN_./dn: 900 GeV and 7 TeV

—
)]

1IN, -dN_ /dn
-

- —
ra 2

—k
—
T T [T T T T [T T T T T q Il_%

1.33+0.04

R R R R R AR Ry IRREEE LR R =

pT>500 MeV, |n|k25 n,21

?

L]
e
£
[
B
¥

%
s

=== Data 2009
— PYTHIA ATLAS MC09
= PYTHIA ATLAS MCO0Sc

""" PYTHIA DW
------ PYTHIA Perugia0 ATLAS
- PHOJET \§ =900 GeV

il FE RS FEEEE FETEE N EEE S S EEES FWEEE CEE N SR S

== Data Uncertainties
MC / Data

ERT Y [ P O A R N WS

1056 0 0.5 1

2 15

Elzbieta Richter-Was

No Monte Carlo

242:008 is perfect
2 Bprrrr e BEEEE ERRES LEEEZ
26- p, > 500 MeV, Iq%E.S. M 21 =
e TR
2'4: e ——— -'-'-~.'¢'.- -
- e FR e r v
-2l - ° p, > 500 MeV, 7 =0, n, 2 1
o L ATLAS Preliminary
C . 13 | —PYTHIAATLAS MCO9
1.8 H B g0 " PYTHIADW
e ATLAS Preliminary 4 £ 23 - PYTHIA Perugia0
1.6— \s=7TeV — p  +Daa
- =e= Data Z 2 |
s PYTHIA ATLAS MC09 bz i
r PYTHIA ATLAS MC09c ] 1.5F
{ or = PYTHIA DW K &
T e PYTHIA Perugia0 5 -
(£ - PHOJET a | G
P I o
1.9E == Data Uncertainties 3 057! o e
E T E 102 10 10*
1% MC / Data g w5 [GeV]
& E
‘?r_“.: ..-, 3 | L I i i
25 215 -1-050 05 115 2 25
U}
19
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P, spectra

<P.> vs n,: 900 GeV and 7TeV

All disagree

with data

for high charged
particle multiplicity

p, >500 MeV, |7 |<25,n,21"

ch =
ATLAS Preliminary
\Ns=7TeV

== Data
— PYTHIA ATLAS MC09

= PYTHIA ATLAS MC09c

----- PYTHIA DW
s PYTHIA Perugia0

=+« PHOJET

.| 1 1 1 .| | | L | | 1

|:g|;|| -

A

== Data Uncertainties
----- MC / Data

b

;' 1_3_ T [ T T 1T '| T T 1 T I T L T I T T T I T 7T T T l — 1.6
3 . p_>500 MeV, |51 <25,n, =1 : E i
= 20 amas e s
= : 1.- s =900 GeV 1 8
1= . 1.2_—
0.9F e
C N N
0.8 === Data 2009 s I
K — PYTHIA ATLAS MC09 ] L
-~ PYTHIA ATLAS MC09¢ 0.8
0.7 «es PYTHIA DW e
C o PYTHIA Perugia0 ]
0.6 - PHOJET ] &
2 PR P R
110 =
o c E o
b= Trppr—; - =
& : .. 1 e
0.9~ == Data Uncertainties E 0.9¢
L RN i BT 0.8F
10 20 30 40 50 60
Mer

70 20 30 40 50 60 70 80

90

ch
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P spectra Significant disagreement
T for p.> 2 GeV, the hard

part for soft model

P+ spectrum 1/N_, (1/2in)d2Nch/dnde

10 ™ T — T = 10 - - —
1k pT>500MeV.Ir;I-:2.5,nmz1 E, 1 p >500Me\f'|3]'|«:25 ng, =1
107 ATLAS — 107'E ATLAS Preliminary

\Js = 900 GeV Ns=7TeV

107
10®

-t =k =k =k i
0 o g o ©
o il e w ha

== Data
— PYTHIA ATLAS MC09

=== Data 2009
— PYTHIA ATLAS MCO09

1N, 1/(2xp ) EN,,jdndp_ [ GeV?]

1/Ng, 1/(2np, ) &°N,/dndp
=)

10°® - PYTHIA ATLAS MCo09c 108 = PYTHIA ATLAS MC09c
S o PYTHIA DW ) e PYTHIA DW

10 wwun PYTHIA Perugia0 107° « PYTHIA Perugia0

107 -+ PHOJET 107 + PHOJET

| L ' — e |
T

1.5 == Data Uncertainties 25_ == Data Uncsrtamtles__ ]
[ aseen MC / Data 1.5 == MC / Data " 4
j o E

- kS | =
i B E gy saeen T fnmang e 3
0.5 — i
: 1 L ; -

1 10
p_[GeV] p_ [GeV]
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Underlying event

[)ef’irﬁ es a
I:lr'ef'erreci

cdirection

toward
|AG|<60°

transverse ~« " “transverse
60%|AQ<120°, + 77 TN _60%]A¢l<120°
- -
away
[Ad|=120°

Unclerlyihg avent

Azir‘m uth ally E)yt‘m m etric

Mo'z.t sensitive to L_JE

UE = “everything” - “hard scatter” = beam-beam
remnants, MPI, ISR

Study: charged particle density, transverse momentum,
average p,. Transverse region considered most sensitive

to UE
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\Underlying event

= How to measure the UE?
a Separate off hard scattering region
a Assume Di-jet structure
a Region transverse in ¢ to Jets 1s filled
mostly by UE
s LLeading track method
a Use leading track to define directions
a Usually contained 1n leading jet

a Low pq: leading track-jet often has
leadjng track as onlj constituent

o Can alread}-* be used with small
statistics => earl}f data

leading track AQ

. toward .
e, |Ap|<60® -7

transverse “.__.“ transverse
604 Ad|<120°, -7 T~ 60%A|<120°
away o
|Ag[>120°

Elzbieta Richter-Was Lectures on LHC physics
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Transverse region particle density

A A 2.2
= - £ = -
£ 1-2[ Transverse Region ATLAS Preliminary ] £ 2f Transverse Region ATLAS Preliminary ~ —
H}T 1: ys = 800 GeV HE“ 1.8F Ns =7 TeV -
% ~ p>0.5 GeVicand |n| <2.5 == Dat 2008 £ = > 0.5 Gelic and || <2.5 =
T o 1.6 P; n
W r —_ A ATLAS Moo ] I E e
0-3 — m— PYTHIA DW Tune — —
L J— A Parug — J—
I~ —— FHOJET n  —
0.6— -

1 1 |
T = = & = -
s v =— 5 2
= = |:I
0.6 . ) ) ) ) — 06— —
1 2 3 4 5 6 7 8 g 10 7 4 & @8 10 12 14 16 18 20
ple [GeV] i [GeV]

= All tunes underestimate particle density by 10%-15% in the
plateau region

" There is factor of ~2 increase in activities between 900 GeV
and 7 TeV

" |In the plateau region the measured density corrsponds to ~
2.5 per unitn at 900 GeV and 5 particle at 7 TeV
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Transverse region <Xp.> density

= n B Z a2sp ]
ﬁ_ 1.2 Transverse Region ATLAS Preliminary ] i —  Transverse Region ATLAS Preliminary ]
2 u \s = 900 GeV - 2 » Ns=7 TeV ]
=] — — =) — -
5 'L p>05 GeVicand Iy <25 S Oota 2000 ] 5 2F p>05 GeVicand | <25 s D 2010 ]
_;;:— N = FYTHIA ATLAS MCOS Tune i -;:- ™ = FYTHIA ATLAS MC0S Tunes ]
1 08— — PYTHIA DW Tume — ] —— PYTHIA D'W
o — —— PYTHIA Perugial Tune — B 15— —— PYTHIA Perugiad Tun —
W ——— PHOUET W
06— — - .
B — 11— L
- 44— — - I
0.4 e —= - - : E
- — D 5 — p—
0.2 ] n ]
1 | 1 1 1 ]
= E © =
w4 — — = =
= N = | ]
o “E ]
= 1 ] =
neb
06— —

a 10 2 4 [5] g 10 12 14 16 18 20
p'T“ﬂ [GeV) p'T“ﬂ [GeV]

k|
8]
A1
I
|
82
=
o

= Similar conclusions:

0 there is factor of ~2 increase in activities between 900
GeV and 7 TeV

2 all tunes underestimate the scalar sum pT in the
transverse region
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‘Particle Density Angular Correlation

&N,/ dAg

O.QJ T T LI B T T v T T T T T E=1 25 T 1 1 rr 11 T L | L LI B B |
- ATLAS Preliminary 3 i ATILAS Preliminary
0.8 _ - £ g i
- p>05 GeV/e and |n| <2.5, \'s =900 GeV 2 oL p,> 0.5 GeV/c and |n| <2.5, \s=7TeV _
O-7H plexd 5 1.0, 1.5, 2.0, 2.5 GeV, bottom to top g | pF=9> 1, 2,3, 5 GeV, bottom to top
0.6 Data 2009 = i Data 2010
Ok PYTHIA ATLAS MC09 Tune . 151 PYTHIA ATLAS MC09 Tune ]

[rad]

[rad] A

wirt leading frack

AQ

wri leading track

Define the event orientation by the azimuthal angle on the
track with the highest pT.

MC tunes only reproduce the general features, disagreement
in rates both in the transverse region (UE) and in the away
region (MPIl/Hard Core)
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Minimum bias distributions

Charged particle distributions:
o multiplicity, p;, n, mean p., vs multiplicity

L » Define a diffraction suppressed sample for MC

S g | p.>50Mev,nj<25n >1 4 tuning:ng =6 {p; > 500 MeV, |n| < 2.5}
= : -

=]

aﬂ 08 PYTHIA ATLAS MCO9¢ & = 7 TeV

< 09TeV 9ub! 157,896

e
o
)]

7 TeV 6.8 ub! 231,665

0.04 : :
» Define a diffraction enhanced sample :

* Ny = 1{p;>500MeV, |n| < 2.5}
» veto activity in one forward scintillator disk

0.02

Plen 7 TeV 23 ub' 52,801
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Diffraction enhanced samples

(no detector correction yet, compared to full sim)

Collision Event at
7 TeV

veto activity in one forward scintillator disk
{2.09<n<3.84 OR-209>n>-3.84}

.

ﬁ t T T T T I T T fl l. T T T T
o 0.09— ATLAS Preliminary

0.08— — Data L
E  --e- Pythiag MC09 3
0.07} Pythiag

0 06:— —a— Phojet
nt 316199 . :
ern.ch/Atlas/public/EVTDISPLAY/events.htmi 0.05-

_|iIII|__Il|IJ___

0.04— T
Ny = 1 {pr > 500 MeV, |n| < 2.5} 0.03- \s=7TeV 3
R= # single—sided O'UEE T 1 track with p_>0.5 GeV, |<2.5 =
- ; . 0.017 .. 7
# single-sided + # double-sided X ol il s OO B H
a 0.1 0.2 0.3 0.4 0.5
sensitive to relative diffractive cross-section Oiti / Tinel
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‘Diffraction enhanced samples

(no detector correction yet, compared to full sim)

0~A4

MBTS MBTS

3| = B I T T S R i T R R I o 1P o T T =
= |§ 1= ATLAS Preliminary —e— pData - = E ATLAS Preliminary e pata E
—|=F Feons = 7 TeV — Phojet 3 2. s =7 TeV —— Phojet
r -- Pythia 8 n =2 = 10" o -- Pythia 8 E
107 —-- Pythia 6 — o = -~ Pythia 6 E
E = v_I a 102 L _]
[ ] =
. pr > 500 MeV - . S pr > 500 MeV E
107 Inl < 2.5 E = Inl < 2.5 N
10% — | 1
E 3 107 =
107 = 107 —
10°° Mot corrected for detector effects [ _ 105 | Not corrected for detec}or effects Le ‘Li |
= : } } ] ; !: = = P [
3 : E [
c 1.5 = <
= s
=l 14 M ado e S (P eyl SN =]
= F o
= = 1 ==
05— =
Tz a4 e 8 10 1z 14 16 18 20 1 E 3 4 5 &
e e, [GeV]

" Excellent agreement with PHOJET
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Strategy for Single Diffraction Detection at CMS

N
[\I O measurement of

the proton "') rely on

Large F'?.a;::iciit},F Gaps

LOOKFORASDPEAK@low § = X, (E; P2,) Ws Sum runs over all the

‘Hadron Forward:

* @11.2m from
interaction point
* rapidity coverage:
¥ 3<|n|<5
T qf;?g ;é’:;r?f;ifg Ejr:+ = energy deposition in HF%
"2 +short fibers) Nips =

{ +0.175x0.175 n/e
segmentation

@ low Eypgy Npjpy

Elzbieta Richter-Was Lectures on LHC physics 30



Observation of Single Diffraction at CMS

(Results at 7 TeV to become public in the near future)

900 GeV (10 pub! ) 2360 GeV (0.4 pb1)

—— - 7 T —
g- T T T T T T ™ - % 1 r L 04 h"
2 CMS Preliminary 2009 L=10ub" 7 Q = CMS Preliminary 2009 L=0.4ub™ 2
= = e 1— - pp (2.36 TeV) BSC OR and Vertex s
= ——— p-p (0.8 TeV) BIC OR and Vertsx ] N 00 [ Energy scals =10% ]
a [ Energy scais =10% 3 |I| — PYTHIA DET
|I| ————— PYTHIA DET s - PHOJET
1 mansass PHOJET - I’:‘] 80 e ——  PYTHIA Non-Sifiractive =
. —— ——  PYTHIA Non-@iffractive 7 h= —— - — PHOJET Non-diffractive
g m— o == PHOJET Mon-diffractive . %
= ]

2 (E+pz) (GeV)

0
Z(Eﬂ)z} (GeV)
Systematic uncertainty

dominated by energy scale €D seen in X E+pz distribution
due to cross section peaking at

Acceptance for SD ~ 20%

small values of §

For NSD ~80% (PYTHIA)
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Enriched SD Sample =» |E(HF+) < 8 GeV |

Requirement of low
Activity in one side

o
S
| IIIIIIlIII |IIII

dNid(Y E-pz) (GeV')
L
=)

CMS Preliminary 2009 L=10ub™
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Strange particle production

= A lot more strange mesons at large p, than predicted by

models

| —=— ALICE,Nys = 000 GeV +

- —e— E735,\s = 540 GeV | T
- —s— E735\s - 1000 GeV

e— E735\s = 300 GeV |

4]
o E735\5-1800GeV | |
. ALICE preliminary T l /

- stat. error ch).r {g»

Phojet

Pythia'D6T
----- Pythla Perugia-

}Factur of 2!

Pythia‘ATLAS-CSC

-0

.0.5....1...1.5 2 2.5
P, (GeV/c)

= K/r ratio fairly independent of the centre-of-mass energy
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Strange particle production
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High multiplicity events

o

o
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10°

Elzbieta Richter-Was

i L | L I 1 | 1 | L | ] | I | LI | i
é brehmmary ]
o CMS =

T - -PHOJET

Ui
. i . =
o 24 Wl ¥ 3
- =y 3 3
) = -
- b "
_— s,
%
.

-l <2.4

z—pT:bD

[IIIlIII'IIIlII!"I:=II|III|III|IIIII

0 20 40 60 80 100120 140160180
n

™ Ry, 7 TeV (x10000) "'E:TT:E BDBT 7] /

10° "
10 |
107
102
107
107}

Lectures on LHC physics

Tails of the distributions
where several MC
generators underestimate
the data (except Pythia)

Trying to find unexpected
(non in MC) effects in this
regime)

Highest multiplicities in pp
begins to approach those in
lon collisions; can learn
about similarities or
differences
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CMS observation

Observed long-
range near-side
correlations in
high multiplicity
events

CMS Collab.,
arXiv:1009:4122,

accepted by JHEP

268 reconstructed particles in the tracker in a single pp collision:
the highest multiplicity event in ~70 billion inelastic events sampled (1/pb)
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High multiplicity events

MinBias high multiplicity (N>110)

(b) MinBias, 1.0GeWc¢pT<3.UGeWc (d) N>110, 1.DGEV!c<pT<3.OGeWc

R(An,A¢)

Pronounced new structure at large on, around 6¢ ~ 0!

CMS Collab., arXiv:1009:4122, accepted by JHEP.
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orrelations for PYTHIA

(a) MinBias, p_>0.1GeVic (b) MinBias, 1.0GeVic<p_<3.0GeV/c

R(An,A¢)

R(An,A9)

No &¢ ~0 structure at large on
— Same for Herwig++, madgraph, PYTHIAG6

Elzbieta Richter-Was Lectures on LHC physics
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C tunes

There are more soft particles than expected

We need better understanding and modeling of
diffraction
2 Diffraction enhanced minbias sample (not yet detector

corrected) favours 30% (PYTHIA) relative diffractive cross-
sections and hard (PHOJET) particle spectra

Seems to be more “min-bias” high multiplicity soft
events than expected

The models do not produce enough strange
particles
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MC tunes: hadronic event

state radiation
The MC description
of LHC events is "
tremendously ard interaction:
complex qqbarn g8.28

PDF, proton structure

Initial state radiation
Beam remnants

Secondary interactions
Hadronisation and decay

This is a schematization to be able to cut down the problem in pieces and
model them in a different way. The “pieces” are correlated !

Elzbieta Richter-Was Lectures on LHC physics
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\Tuning phenomenological
models

» Number of relativel}f tree parameters which must be tweaked if

generator 1s to describe experimental data;

m Protilation ot parameters, between O(10-30) ot importance tor
collider physics simulations. Few examples: kinematic
distribution of transverse momentum (py) in hadron

fragmentation, barion/meson ratios, strangeness and {n,n’}

suppression, distribution of orbital angular momentum, etc. etc.

= Nowdays tunings became an ,,industry’:
0 Rivet— system for comparing generastor tuning with experimental data

0 Professor — system for parmnetrising generators behaviour in bins of

parmneter vectors

Elzbieta Richter-Was Lectures on LHC physics
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Diffraction: how important for
MC tunings

3 £ pl00MeVInl<26na=2
. . = * Dala V& =7 TeV 3
The low p, low N_ region is S 0% —pviaucos N - 50 ——00°
problematic
2 Diffractive component
Important

Case PYTHIA 6:

0 Diffractive component § oM<
. . = + Data JE=7 TeV
soft and low multiplicity £ 0% vhas -—ND-e- 8 ——DD

Case PYTHIA 8:
o At low N_, <p,> similar
for SD,DD & ND
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PYTHIA tune to ATLAS minbias and

UE data: significant improvement vs pre-LHC era

Tune to reduced phase
space (n,, 26) to insure
no contribution from SD

= 5.5 T T T —
= - p,>500MeV,n=0,n,>6 ]
55 S ATLAS Preliminary g
T 45¢ — PYTHIAATLAS AMBT1 E
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5F o
1_51.| N Lol
10° 10° 10°*
£ s [GeV]
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'ATLAS UE data and charged particle densities ato.g and TTQV
'CDF Rur‘u | & Run || min bias, UE; Zpt
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Parameters tunnings
ATLAS new tune:

Parameter related model MCO09c value  scanning range AMBTI value
PARP(62) ISR cut-off 1.0 fixed 1.025
PARP(93) primordial kt 5.0 fixed 10.0
PARP(77) CR suppression 0.0 025 ———1.19 1.016
PARP(78) CR strength 0.224 0.2---0.6 0.538
PARP(83) MPI (matter fraction in core) 0.8 fixed 0.356
PARP(84) MPI (core of matter overlap) 0.7 00---1.0 0.651
PARP(82) MPI (p}") 231 21---25 2.292
PARP(90) MPI (energy extrapolation) 0.2487 0.18—--0.28 0.250
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Next topics

27.10 - hard QCD
3.11 -W,Z bosons:

Q9 cross-sections (incl. differential), W/Z+jets
0 asymmetry

10.11 - W,Z bosons:

J precise measurements

17.11 - Top: xsection, mass
24.11 - Hot topics: new exclusion limits
1.12, 8.12, 15.12 - Higgs
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