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NEW PREDIC | 10 years ,
+- QCD tests & applications will greatly improve, incorporating | Davio
NLO, NNLO,...and a theory of fragmenfation and hadroniza*is:. et gISS
2. Atlas and CMS will discover a candidate Higgs parficle. EPS

3. There will be convincing evidence for Susy parficles. 5015
4. Plans will be underway to build a LC (at Cern) to explore

the superworld and the US will join CERN.

5. There will be direct detection of the Dark Matter wind.
6. Alice will see a crossover o the perturbative quark-gluon plasma.
7. Some new Z mesons Will be discovered.

8. Gravitational waves and B modes will be observed.

9. String theory will start to be a theory with predictions.

10. We will have a plausible explanation of why A is so small.

s
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Outline:

O Looking back at the CPF results.
O Early LHC results, what they told us?

O Tuning MPI parameters in MC (and the
dependence on PDF)from UE results.

O Newer LHC results.

0O Wrapup.
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The usual “Rick Field” approach

0O puide the N-P space Leading Object
accoroing to the "
direction of the
Leading object.

transverse

O Trawnsverse reglons i =
are most sensttive to

UE, but for Z-boson

events, toward Ls also

“clean”.
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CDF Results

| Transverse Region Charged Particle Density: dN/dnd¢ M]E a ctLv L‘tg SLVM/LL“ YV LV\,

2
CDF Run 2 Preliminary L~2.7 ﬂo_l

pr> 0.5 GeVic and byl <1 Leadi,y\,g\jet ano Z-boson

Dell-Yan PYTHIA Tune AW
Drell-Yan Data

Leading Jet PYTHIA Tune A

Leading Jet Data events: colncloence?

70 <M, < 110 GeV/c?
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TransMAX and transMIN Charged Particle Density: dN/dnd¢
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CDF Run 2 Preliminary
pr> 0.5 GeVicand ml <1

TransMAX Drell-Yan PYTHIA Tune AW
TransMAX Drell-Yan Data

TransMIN Drell-Yan PYTHIA Tune AW
TransMIN Drell-Yan Data

TransMAX Leading Jet PYTHIA Tune A
TransMAX Leading Jet Data

TransMIN Leading Jet PYTHIA Tune A
TransMIN Leading Jet Data

:I L1l | Ll 1 | | | | Ll 1 | | Ll 1 1 | Ll 1 | | | I | Ll 1 | | Ll 1 1 | Ll 1 |
10 20 30 40 50 60 70 80 90 100
Transverse Momentum of Lepton Pair or Leading Jet (GeV/c)

Transmax ano

transmin both

flattens out, described

well ba MC. Same at
10 20 30 40 50 60 70 80 90 100

tl’] 6 L_.HO? Transverse Momentum of Lepton Pair or Leading Jet (GeV/c) &

70 <M, < 110 GeV/c

Number of Charged Particles Dens
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CDF Results “Proving” MPI

Average PT (GeVic)

Average PT versus Nchg

J ' gliiminary
data corrected
generator level theory

“Drell-Yan Production”
70 < M(pair) < 110 GeV

Charged Particles (|"|<1.0, PT>0.5 GeV/c)

ATLAS
' excluding the lepton-pair

{ t f
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Number of Charged Particles

Average PT(Z) (GeVic)
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‘ PT(Z-Boson) versus Nchgl
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data corrected
generator level theory
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“Drell-Yan Production™
70 < M(pair) < 110 GeV

| Charged Particles (;"|<1.0. PT>0.5 GeVic)
ATLAS . excluding the lepton-pair

15 20 25 30 35
Number of Charged Particles

Average PT (GeVic)

Average Charged PT versus Nchg'

-ttt

)

Run 2 Prelir
data corrected
generator level theory

ATLAS

Charged Particles (|"|<1.0, PT>0.5 GeVi/c)
excluding the lepton-pair

"Drell-Yan Production”
70 < M(pair) < 110 GeV
PT(Z) <10 GeVic

o

5 10 15 20 25 30
Number of Charged Particles
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High multiplicity has to
come from MPI




" ATLAS
\s=7TeV

-~

<dyp_fande> [GeV)

I P> 0.5 GeV and n| < 2.5,

i p'f‘"" > 1,2, 3,5 GeV, bottom to top

Data 2010
PYTHIA ATLAS MC09

_— The pre-LHC models were not
describing the LHC data at all!

Awn elaborate MC retuning program happened using these ano other results
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“New” from ATLAS

Ustng both charged
and neutral pa rtieles

N

- T T

— Transverse Region ATLAS
' \s=7TeV
C p.>05 GeVand <25

&= Data 2010 - = « PYTHIA DW
—— PYTHIA ATLAS MC09 -« == PYTHIA Peruginl
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std dev of UE variables:
shows evcwt—bg—evewt
correlatilon.
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<d’yp_ /dndo> [GeV]

Transverse region

=#- Data 2010

—— PYTHIA ATLAS MC09
PYTHIA Perugla0

=== PYTHIA DW
HERWIG+JIMMY

-« -« PHOJET

charged+neutral particles p >0.5 GeV ni<2.5




MPI Tuning Using These Results

O “CPF’-tunes failed to describe not only > Tev
data, but also 900 eV data.

O Tuning simultaneously to three c.m energies
proveo tmpossible.

O Describing MB and UE by the same tune
proved equally challenging, and ATLAS
moved to using separate tunes.

O Observed strong PDF dependence of the tunes.
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PDF Dependence

® NNPDF21NLO S, e 4CX

—e— AU2 tunes

M®B tunes prefer slightly higher
values of MPI pr cutoff (and
hence Less MPI aotivitgj) than n
the oorrespovwliwg UE tunes, but
this effect Ls small compared to
that due to the variation between
PDFs.

reconnectRange

® MSTWo8NLO

® CTEQ6.6NLO
® CT10NLO

® NNPDF21LO

9
8
7
6
5
4
3
2

® CTEQ6L1

® MRSTLO*
® CTEQ6L1 ® MRSTLO*

NLO PDF tunes seem to demand 2.5 3 3.5 4
p1o(y/s =7TeV)

a stronger color recommection
strength but somewhat Lower Siwmilar behaviowr also

MPI prcutoff and energy ; ;
exponent than LO/mLO PDFs. SEeEn d""VW\'@ earlier
Herwlg T jimmy tuning
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Color Weighted Parton Flux

For each PDF at @2 = (2 GeVv)=: Colour-weighted parton flux, Q%> = (3.0 GeV)? x1,x, € (1076,1]

(pparlun,\ - // Ll\'lkl\'zi\" ( X1, L)2 ) . :'\"(.\'3 ] Q: }

X1X2 2 Tmin ® MRSTLO**
® MRSTLO*

with x, Xa: parton momentum frac, S

tuin: Lower cutoff reqd bg kinematies.

® CTEQ6.6NLO ® NNPDF21LO
T10NLO &= 4CX

( o MSMOB%LO
—e— AU2 tunes

N(x,Q°) = Z (q(x,0%) + g(x,Q7)) 4 4;:(.\'.()?’) e e

quarks

takes contributing gquark and gluon
distributions Lnto acct.

Shows the correlation of P aons WET Pro

Monday, 15 October 12



Non-UE Results Showing the
Importance of MPI Tuning

p,>05CeVN_Gand <25, 57> >
v
. i"'.""”: . IZ 3 ™ > 05GeV — PYTHA S 21
. ._::'::u:\u e : -== PYTHIA B A2
60 1 2 5h Herwiges UET-2

P to

movre “|et-Like”
events, but not
N I R e e thrust.

p.>05CeV N z8and <25
\ata 2010 e PYTHIA S DW

« PYTHA € ANE T8 . Iy >0 — PYTHIA6 21
"THIA & OW : - PYTHAB A2
"YTHAC D Meorwiges UET-2

PYTHA RN

borwie » UK

1s«7TeV  ATLAS 3 2|m 15«7 TeV ATLAS = Data 2010 3 V4 V4
- ot 0 8 GaV 1 VIVISE | 08GV N 26and <25 -~ PYTHIA 6 ANBT28 -3 ‘Ph e
| | | ST = rieltyy meo

MC/Data

MC/Data

p,>»05GCGeVN_rGand n

UE-tunes describe
the data better!

MC/Data
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New ATLAS UE Results

M |

- R=0.6 Transverse region

T

— R=0.6 Transverse region

N

T

<Ip _>/AnAd [GeV)

MC/DATA
MC/DATA

a0
P [GeV]

—— DATA 2010 \§=7 TeV trackjet with (anti-kt)radius 0.6 (for other radil too)
PYTHIA (Z1)
PyTHIA (AUET2B)
HERWIG++ (UE7-2)

rpmaenoazon o Ppst-LHC tunes are better, but

- PYTHIA 8.145 (4C)

not perfect agreement yet.

anti-k, jets: ™| < 1.5 Imn - 800 ub"
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New ATLAS UE Results

5 GeV t?p""<GGcV SGOVTZ;)""<6GOV
e, R=0.6 Transverse region L r”,_" e, R=0.6 Transverse region

P

= =
< <
= =
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31 GOV';p:" < 50 GeV !
R=0.6 Transverse region

MC/DATA

Distributions of UE observables iw different jet prslices.
Different MC behaviowr in different slices.
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Big Surprise!

N B e s . e I
. DATA 2010\s=7TeV ATLAS - DATA 2010\s=7TeV ATLAS

<Xp >/AnA¢ [GeV]

- R=0.2
R=0.6 R=0.6

» R=1.0

. » R=1.0
k; Transverse region

- Transverse region

| WS e e | hdo il lasaad il | el AAJ
10 20 30 40 50 60 70 80 90 100
p':' [GeV]

bl aa o b ol Ad A | W 1 A AAJ
' 10 20 30 40 50 60 70 80 90 100
p‘:' [GeV]

aR Eaaaa T e A RAAAaRS
DATA 2010\s=7TeV ATLAS

Dependence of UE
- ow jet radius

R=0.6

‘ » R=1.0
Transverse region

[T PRETY FETTE PRTTY FETTY PRTeY FTTY PTeey Peees |
10 20 30 40 50 60 70 80 90 100
p‘;" (GeV]

Monday, 15 October 12



CMS Trackjet UE Results

N >
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— b ——,
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| An A(AD) <
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CMS \s=7TeV 1

— PYTHIA-6 Z1
---PYTHIA-8 4C
PYTHIA-6 D6T
---PYTHIA-6 Z2 ’
-- Herwig++ UE-EE-2

charged particles -
(p, > 0.5 GeV/ic, ml <2, 60° <IA¢l <120°) 1]

20 40 60 80 100
Leading track-jet o [GeV/c]

Swmilar conclustons:

*full disclosure: CMS trackjet results were earlier
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CMS \s=7TeV _

T

— PYTHIA-6 Z1
---PYTHIA-8 4C
PYTHIA-6 D6T

---PYTHIA-6 Z2
- Herwig++ UE-EE-2
charged particles

(p, > 0.5 GeVic, Inl <2, 60° < 1A}l < 120°) -

20 40 60 80 100
Leading track-jet o [GeV/c

1/ An A(AD) <Ep._> [GeV/c]

7 el probabLg the best tune*
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UE-Like dijet topology: MC description worse in more
forward region(s).
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CMS UE Results: DY

e Data CMS \s=7 TeV
— Pythia-6 Z2

Powheg Z2
— Pythia-8 4C

Herwig++ LHC-UE7-2

Herwig++ LHC-UE7-2 (no MPI)

charged particles
(pT > 0.5 GeV/c, ml <2.0, IA¢l < 120°)

pi“ <5 GeV/c

e Data CMS \/s=7 TeV
— Pythia-6 Z2

Powheg Z2
— Pythia-8 4C

Herwig++ LHC-UE7-2

Herwig++ LHC-UE7-2 (no MPI)

charged particles
(p,>0.5 GeV/c, ml <2.0, 1A¢l < 120°)

pi“ <5 GeV/c
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As a function of Lepton pair nvariant mass;
essentially flat - tndicating MPI saturation over
the energy scale probed.

Monday, 15 October 12



MS UE Results

2
- ® Data CMS \s=7 TeV
—— Madquah 22
ZZ
—_— P,thla
- Henmgn LHC-UET-2
Herwig++ LHC-UET-2 (no MP1)

charged particles
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-»- Data, Leading jet CMS \s=7 TeV o Data, Leading jet CMS \s=7 TeV [ _e- Data, Leading jet CMS Ns=7 TeV

- Data, Drell-Yan [ & Data, Drell-Yan -+ Data, Drell-Yan
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e charged particles ® charged particles "7 charged particles

(pr > 0.5 GeVic, n| < 2.0, 60° < A¢| < 120°) * (p, >0.5GeVic, In| < 2.0, 60° < |A¢| < 120°) ) (p‘ > 0.5 GeVic, n| < 2.0, 60° < A¢| < 120°)
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20 40 60 80 100 0 20 40 60 80 100 ' 20 40 60 80 100
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©
o

Comparison of Z-boson andl jet events;
more active UE L jet events, but softer spectra?
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ldentified Particle Production:
Time to look at UE ...

ATLAS results
ATLAS : 3P ATLAS LV\: LV\IOL%SI«\/C

K¢ \s=7TeV | ;| A \s=7TeV

detzwoub‘ | det:lgoub‘ ] CVBVb’CS;

® Data
Pythia 6 AMBT2E | | ¢ Data

y
A ! e this part of MCs
: ~ » Pythia 6 Perugia2011 |
- § - Pythia 8 4C

- Horwigo : have wot reaLL:d
“ beewn tuned from
LHC data.

K2 multiplicity A multiplicity
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New ldeas?

Angular Correlation Function (ACF)

G(R) =) piip1i;ARLO[R — AR;j]
1% )
Introduce ensemble average ACF

(analogous to jet shape)
N

o \
G(R) =+ Y G(R);

=1

AGIH

3.0
| 4

2 UE, ISR turned on

UE, ISR turned off
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From Andrew Larkoskl’s talk at BOOST1I2

ACF ~ (Pert-Pert correlations) +
(Pert-UE correlations)

® RCd - PT2 %é)
® Blue ~ prA UE i\l

® ACF including UE ansatz:

{G(R)with vE) = (G(R)no vE) + =PLict AupR?

P

~RZ, important
at small angles

Pythia8
Herwig++
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