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* The Landscape

» Parton Distribution Functions
» Jet Production

* Direct Photon Production

o W/Z + Jets

* The Underlying Event

» Charged Particle Spectra

* Final Words _
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Details in the Parallel Talks

» Sunday 14:00-16:00

o Particle Multiplicities in Minimum Bias Event with the
ATLAS Detector at 7 TeV — R. Zaidan

e Single and Double Particle Studies at CMS — K. Stenson

* Sunday 16:30-19:30

e Properties of the Underlying Event in Minimum Bias
Collisions with the ATLAS Detector at 7 TeV - G. Hare

e Jet Production with the ATLAS Detector at 7 TeV - Z.
Marshall

e Recent QCD Results from CMS - G. Safronov

e Recent QCD Results from the Tevatron — M. Strauss
o Status of PDFs from HERA - S. Glazov
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QCD at Hadron Colliders

outgoing parton(s)
' (U

multi-parton interactions
underlying event

proton anti-proton
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* Understanding of QCD is important for
* Interpretation of data

. e Precision studies
o Searches for New Physics

outgoing parton(s)
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The HERA Experiments

HERA dellvered
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Tevatron Complex
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Run I
1992-1996
Js = 1.8 TeV
~120 pb-!

(0.63 TeV ~600 nb-1)

Run ITA
2002-2005
Js = 1.96 TeV
~ 1.5 fb-1

Run IIB
2006 -
Js = 1.96 TeV
~ 7.5 fb-1




Tevatron Detectors |
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Tevatron Luminosity

w Run Il Integrated Luminosity 19 April 2002 - 5 July 2010 |

100 Delivered ~9 fb!
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8.0
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6.0 Recorded /‘/-

)4 | Recorded ~8 fb-!
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Superconducting CALORIMETERS
' Coil, 4 Tesla ECAL HCAL @ A i
= T6k scintillating Plastic scintillatorfbrass Nt T
B é‘_ PLWO4 crystals  sandwich r : B
. s { ;

TRACKER

Pixels
silicon Microstrips

9.6M channels

210 m2 of silicon sensors

Total weight 12500 t
Overall diameter 15 m
Overall length 216 m

UIC

The LHC Experiments

IRON YOKE

MUON BARREL L

Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

! LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electfromagnetic calorimeters

Toroid magnets
Solenoid magnet | Transition radiation tracker
Semiconductor tracker

Muon chambers

7 N. Varelas

o
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1st pp Collisions (0.9 TeV): Nov 23, 2009
Js=0.9TeV = Luminosity ~10 pb™'
Js=2.36 TeV = Luminosity < 1 pb™
Js=7TeV = Lu

minosity ~ 200 nb™
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PDFs

do(hh, > cd) = j'dxldxz

‘Determine PDFs
from global fits
to many
observables

_

* DIS (HERA, fixed tar
e Drell-Yan (Tevatron,
* Vector boson produg
» Jet Production (Tevas

*» Heavy quark produc

U Ic N. Varelas

Farn, (Xys 42 ) Torn, (X, 47

A (ab—cd
o@D Q% 1)

Data used in MRST 2006

Data set Npis.
H1 MB 99 et p NC 8
H1 MB 97 etp NC 64
H1 low Q% 96-97 etp NC 80
H1 high Q2 98-99 e~ p NC 126
H1 high Q2 99-00 eTp NC 147
ZEUS SVX 95 e*p NC 30
ZEUS 96-97 eTp NC 144
ZEUS 98-99 e~ p NC 92
ZEUS 99-00 et p NC 90
H1 99-00 etp CC 28
ZEUS 99-00 etp CC 30
H1/ZEUS e*p F,_‘{hal‘m 83
H1 99-00 e™p incl. jets 24
ZEUS 96-97 e"p incl. jets 30
ZEUS 98-00 e*p incl. jets 30
D@ Il pp incl. jets 110
CDF Il pp incl. jets 76
CDF Il W — [v asym. 22
DO Il W — [v asym. 10
D@ Il Z rap. 28
CDF Il Z rap. 29

Data set Npts.
BCDMS pup F> 163
BCDMS pud F 151
NMC pp Fo 123
NMC pd F 123
NMC pn/pp 148
E665 up F 53
E665 ud Fs 53
SLAC ep F> 37
SLAC ed F> 38
NMC/BCDMS/SLAC F; 31
E866 /NuSea pp DY 184
E866/NuSea pd/pp DY 15
NuTeV vN F> 53
CHORUS vN F; 42
NuTeV vN xF3 45
CHORUS vN xF3 33
CCFR vN — puX 86
NuTeV vN — ppuX 84
All data sets [ 2743

® Red = New w.r.t. MRST 2006 fit.




PDF Global Fits

MSTW: (DIS+DY+jets, LO/NLO/NNLO) (martin, Stirling, Thorne, Watt)
e MRS->...->MSTW2008
» http://projects.hepforge.org/mstwpdf/ arXiv: 0901.002
CTEQ: (DIS+DY+jets, LO/NLO) (Pumplin, Huston, Lai, Nadolsky, Tung, Yuan)
o CTEQ~...»CTEQ6.6>CT10 (to be released)
o http://Iwww.phys.psu.edu/~cteq/#PDFs arXiv: 0802.0007
NNPDF: (DIS+DY+jets, NLO) (Ball, Del Debbio, Forte, Guffanti, Latorre, Rojo, Ubiali)
e NNPDF1.0->...-NNPDF2.0

o http://sophia.ecm.ub.es/nnpdf/ arXiv: 1002.4407
» JR: (DIS+DY, NLO/NNLO) (Jiminez-Delgado, Reya)
o http://durpdq.dur.ac.uk/hepdata/grv.html arXiv: 0810.4274

ABKM: (DIS+DY, NLO/NNLO) (Alekhin, Bliimlein, Klein, Moch)
arXiv:0908.2766

HERAPDEF: (DIS, NLO)
o http://www-h1.desy.de/ arXiv: 0911.0884
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£ ZEUS-H1 Combined Results @

1 H1 and ZEUS
h T T T T TT1T1T T T T T TTTT T IIIIIII|
. “ra
Q> =10 GeV? -
o - 1 = 000005, i=21 L HERAINCe p
| - U x=0.00008, =20 O  Fixed Target
z e T 00020, s1s e HERAPDFL.0
0.8 — . . - =10.00031, =17
xg (< 0.05) L 10T e e D000 i
= oo paseees  T=LO0E LS
.-4‘#_"_,#- T=0.0013, i=14
1w e esses  T=00020, =13
HERAPDF1.0 et """"*MH 1200032 12
. --'*“"::.,...--—H* 1= 10,005, i=11
0.6 - CTEQ6.6 90% CL ] 103 T et eeeeres 100080
L e esereasssreiess T=0013,i=
Ak =002, i=8
_‘MM <
10 . 'U.‘.‘;_T“.W r=0032 i=
gzﬂﬂ L e Ma R EREe sy =005, i=
10 Ju =iz =al Ay, =008 j=8
0.4 ] Oy et g =013 i=d
1 oo BTy ~ =01
o MR o S S EE
T R Ry et t ey
107 o =040, i=1
0.2 —
) . Mﬂ_ﬁ 1=10.65, =0
10 "L | | Lol I |
1 10 10 10 10 10
_—— L1 11 1 s i e : ':
10° 10” 10° 10 1 Q7 Gel

- Combined H1-ZEUS inclusive data
Combined H1-ZEUS data reduce HERAPDE fits work well ‘

uncertainties :
H1l & ZEUS: JHEP 1001:109 (2010)
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LHC Standard Candles

» Different values of o (M;) and its uncertainties are used in PDF fits
e CTEQ used 0.118 and NNPDF 0.119, where MSTW2008 uses 0.12 as determined by their best fit
o PDG value: a(M,) =0.1184 0.0007

» Evaluate LHC standard candles with same value of o Maria Ubiali DIS 2010
POFALAC benchmarks - LACT TV PDF4LHC benchmarks - LHC 7 TeV/ PDF4LHC benchmarks - LHC 7 TeV/
44| o i E 125 1.02
o z_E ;.mnrs1 - CTEQ6E _  NNPDF2O .MSTWDB : CTEQS.6 NMPDFZ.0 MSTWO2

43p 7 : R | =s0e @ +,=0.120 [ 0118 0120 |
E J ‘“ ) { % )} £ poel }
= a1} s MEy @

G % % " f:a Dos + <]>
gl = il % E]J , 082+

30t net

105 -
PDF4LHC benchmarks - LHC 7 TeW

64 POF4LHC benchmarks - LHC 7 Tell

sl CTEGES  MNPDFZD MSTWOE | . ]

D D DR N D Reasonable agreement
| % :‘: ' - among the PDF groups
o L g 170
%‘ 50} } ‘]} ¥ o5 J[ <}

5B | 180 L

5T 155,

58 150 - 1
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Jet Reconstruction

« Calorimeter Jets s Track Jets
. | % - age
I n p Uts - > ::\;lthe;E?oc:;::;ergy PG » Clustering of tracks
» Use of topological energy clusters in finely « Sampling only charged particles
segmented calorimeter
 Particle Flow (PFlow) o JetPlusTrack

 Clustering of tracks, photons, and neutral e Calorimeter jets with energy corrections based

hadrons on tracks

] ] I = I
» Clustering algorithms: b (Gev)
e Cone algorithms: i Jet2 Jetl
* Iterative Cone/JetClu ;
e Midpoint 4 ' :
» Seedless Infrared Safe Cone (SISCone) . i-l 3
- Recombination algorithms: : AR} .
9 d; = pi? d; = mln(piﬁ’pif} Dzj n ’ !
2

* p=1 - k;jet algorithm
« p=0 > Cambridge/Aachen jet algorithm ! ) 2
* p=-1-> “Anti-k;” jet algorithm -2 ¢

» Soft particles will first cluster with hard particles before am ‘) ;’ _{

* Almost a cone jet near hard partons ', \

* No merge/split \

UIC N Varelas g Blois2010 — July 17, 2010 P P 1i7




Jet Production at Tevatron

« Confront pQCD calculations

 NLO predictions reliable @ 15% level

» Sensitive to dynamics, PDFs, o
 Reach to high-x gluons

fractional contributions

1 -

0.8 |

0.6

0.4 [

0.2

0

0.05 0.1 0.2
T T T T | T

gq — jets

- gg — jets
L |

inclusive jets: Tevatron Run Il -

qq — jets -

0.4 .X-I._

ly|<0.4

50 100 200
pr (GeV)

400

Ratio to MSTW 2008 NLO

Large kinematic reach |

Gluon distribution at Q? = 10* GeV?
1.-5 T T 7 TR P

1.4 —— MSTW 2008 NLO (90% C.L.)

—=~— MRST 2004 NLO

1.3
s (TEC)6.6 NLO

1.2
1.1

1
09

e e

0.8
0.7
0.6

™,

IIIIIIIIIIIIII1IIIIIIIII IIIIIIIIIIIIIII‘II'TII'I1.I"'I

0.5

e

(=]

=,

» Sensitivity to new physics (e.g., quark substructure, new
particles decaying into jet final states, extra dimensions, ...)

UIC

N. Varelas
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o -1
1.5 L=0.701b
1.1<|y|<1.6 : R -
T LTIy
© 1.0 = e e
£l ] F
] s 142, F CTEQ6.5M PDFs
W -, S £ Joo.5
a ) 3 8 1.2 - m L | | ( 0 4
S 0.1<ly|<0.7 £ O — 1.6<|y|<2.1 L B y 5
g 3T of e, T F K moooioiosssihiellleses
- 2 g . - ‘l-._‘_ 1 'l L 1 'l 1 1 L 1 1
« 4y C u ;
5 | = >=>== NLO scale uncertainty
I L Tt 1051.5F .
P (GeVic) 1 r A
——=—— CDF Data (1.13 fb™) / NLO 1 0:. 5.'5'.’.:"_.':'..':-.;_....__
———— PDF Uncertainty 1 L . e 000y ‘_' -,
...................... MRST 2004 ‘f CTEQ61M : . r.& *
[ 1 Systematic uncertainty 1 L +
- I Including hadronization and UE 05:_—
.0 ﬂI]l] 260 3l|]l] 4l|]l] 560 660 760 . P _ 1 B
piET (GeVic) Midpoint: R=0.7, f__ =0.75 :
1 0.0

py-' (GeVic)

steeply falling pT spectrum:

1% error in jet energy calibration Provide Input to PDF:
> 5—10% (10—25%) MSTW2008 uses CDF and D@ results

Data prefer lower gluon PDF at high-x

central (forward) x-section
CDF: PRD 78, 052006 (2008) D@: PRL 101, 062001 (2008)
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Jet Commissioning at LHC

-—'—10-1?'""""""""""'E oy I L S N U B CO L a I T |
> f ATLAS Preliminary =102 ATLAS Preliminary = g8 1 ATLAS Preliminary
(0 10%F \s=7TeV E o f \s=7TeV E < \s=7TeV ]
5 . F  anti-k, jets R=0.6 1 i C anti-k, jets R=0.6 - % J * anti-k, jets R=0.6
31035— pr>30GeV <28 = 51035— Pr>30 GeV  [y*|<28 - 2310 3 pr>30GeV y*|<28 3
:§2 N E < 3 <~ ~- Data [Ldt=1nb™]
510 3 e . Data [Lat=1nb" E g [ . Data [Ldt=1nb" ] " 102k Wl J
2 i — PYTHIA : <40 == PYTHIA . E ]
Z10°F —— E i ] ! :
f f : __
10°F ‘\:tL 1 p o :
g =il ] 10 E i t
71 L m ] §
18 § 10*F =
108t 10° S S e i | | | | | ]
0 100 200 300 400 500 0 200 400 600 800 1000l >1 >2 >3 =4 >5 >6
jet "
Fir [GeV] m [GeV] N
2 GMS prelimnary 2010+ Dam | %Emf CMS preliminary 2010 = Data
= 800 WE=7TaV [ Simuilation e g%?Ul}D:— WJE=7TTa¥ [ Simuilaticn
700 B (jet)= 25 GeV E Ly 8OO blel 25 GeV
ot <3 : ot J(?ts rec?nstructed_
°00 E 1400, with anti-k; clustering
500 —: r u
400 : 1200 algorithm
E 1000
300 & 800- Reach of M;; ~ 0.8 TeV
200 : S00F with 1 nb-! of data
100 : 00
z 200
3 2 1 0 1 ];3 0 05 1 15
cli-jet
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Jet Production in DIS (HERA)

° Coﬁfront pQCD

o Extraction of o (M,) and test of running of o,

* Photoproduction of jets
* Q2 <1 GeV2 - photon virtuality

o Jet production in NC DIS

dojet = > /dﬂ? fa(z, up) déa(z, as(LR); LRs LF)
a=q,q,9
Kinematics:
— momentum transfer:
Q= —¢* = —(k - K)?
— Bjorken z: z = 5 =
— inelasticity: ;
= g_g — 1 _ E (1—cosfe)

U Ic N. Varelas

P

Jet

p proton
remnant Jet

Boson-gluon fusion

P

proton

remnant

QCD Compton

Jet

Blois2010 — July 17, 2010
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et Cross Sections in NC DIS

S — SU—— —— — —

H,—\ [T T[T I T[T [ T[T T T[T T [ TTTT[TTTT[TT1TT] : 4 illl|l'lll|IIII TTTT IIII|IIII|IIII|IIII|IIII’{III__

- zﬁ—v—v—v—rv—v—v—v—yl ’g 104:_kT(X 100) - E] 1.2 u k-[ .
% 10 E_ --.L'E E E = : s, LT r'}ri",-'-a"rr'lr!f’.*;.-'l;;'F'r*;'l'l”: HHA :
NN P copussapn? || [E o8 L 0 ot mena
fan) E E (™ o . -

£ i e F —— NLO ®hadr® 7" - 1.2 F anti-kp t -
s2 10 F = o2 i e S e I
Bt : T 107 08 O 3
© - S - ] R e R e s R B e e e R R R R R
S i C 1 1.2 £ 'SISco f =
= I 10 = E c ]
1 b s ] 1 r Fir p—

e - 8 08 E 3

: ]. E 2 d 72 — _l|||I|||||||||I||II|IIIIIIIIIIIIII|III|||||||||||_

L _2 < E Q > 12: Ge‘ E .‘;—l :I TTT I TTT I. | TTTT I TTTT | TTTT I TTTT I TTTT | TTTT I TTTT | TTT I:

| 15 _2<njBet< 15 : = 1.1 3 anti-k - 0c) @hadr®Z°

- 2 - = F o ]

10 Q > 10 3 |cos’,/h\ < 0.65 E E 1 c ‘"‘fhﬁ""’md__ﬁ R i 3

a , F 3 £ 09 ;III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_:

— |c05 11— . :||||||-||-||||||||||||||||||||||||||||||||||||||||I:

L g L1f 1 1.1 & SIScone [ 3

B b i ] R e e e ==xa M

3 04 GE 1 - 0.9 E_ - [ ] _E
Z : c : : * :IIIIII||||||||||||||||||I||||I|||||||||||||||||||:
0.2 __ ~ -u'-d zlllllllllllllllll|||||||||||||||||||||||||||||||_:

S T & g 0.9 - i =) 11t anfi- 3
0 e = V21 i = F ]

o S resssns 5 7 1 E -
o . o= i 7 W E = 3
E _0l2 :_ § 0.8 _I S | L ‘ S | L | S | L | S | L | L | — I_ E 0‘9 ;_I 111 I L1111 | L1111 I L1l | L1111 I L1l I L1111 | L1l I 1111 ‘;I 11 I_:
T 04 s 5 10 15 20 25 30 35 40 45 S0 SS§ ) 5 10 15 20 25 30 35 40 45 50 55
= jet , = o )

5 ETp (GeV) E'Tp (GeV)

FE+o (GeV) |

Larger hadronization corrections for SISCone than anti-k; (similar to k)
Good a¢
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The Strong Coupling Constant &

 Inclusive jet, 2- and 3-jet cross sections are used to derive o,
e Use of 5 <Q?<100 GeV? and Q? > 150 GeV?

Inclusive Jet, 2-Jet and 3-Jet Cross Sections

o from Jet Cross Sections in DIS

= 10 * Hi data 2 ke * Hidata
% i, NLO & hadr g E NLO © hadr
H B - =% r -
Incl. jets|[2 | . S ol
o 1PE . E &
S . (a) g’_i ok (b)
- . £
=] - - = r
i) F
ol H1 | | s H1 | .
10 10? 10 50
Q’ [ GeV?] P, [GeV]
L0 * Hi data > . * H1data
% 2. NLO & hadr ¢ 10 . NLO & hadr
n [=% E - _E B .
2 ets s r * < n_p— 10F
2 1ok . (c) - (d)
= | I
A F . T |
% [ H1 s EH1 .
10 Q2 [ GeV?] 10° 10 P [GeV] 50
": - * Hi data % * Hi data
S 1o NLO & hadr S 1wof * NLO & hadr
2 ‘ 2 *
] — L ~ B
3jets|l| ¢ | R 0
E: . if
L= E = r +
s M R " S L
50
10 Q*[ GeV?] 10 (P, [ GeV]
UIC N. Varelas Blois2010 — July 17, 2010

(IS -
i * Hi datafor 5« Q° < 100 GeV*

0.25 B *  Hi data for Q%= 150 GeV?

L Fit from Q%> 150 GeV? [arXiv:0904.3870]

L o, = 0.1168 £ 0.0007 (exp.) 3348 (th.) + 0.0016 (PDF)
= == central value and exp. unc.
- Theory=PDF unc.

0.20

015

n."n B 1 1 1 1 | 1 1 1 1 1 1 1 1 |

10 10°
u / GeV

EPJ C67, 1 (2010)
EPJ C65, 363 (2010) 3y




D43 o, Determination at Tevatron

* Inclusive jet cross section is sensitive to o,
e o.is determined from 22 inclusive cross section data
points at the range 50<p;<145 GeV
e MSTW2008NNLO PDFs

* Most precise determination of
a from a hadron collider

a.(M,)=0.1161" 1%

- og(pr) from inclusive jet cross section
i in hadron-induced processes

o Hi
A ZEUS
e DO

}

B +0.0041

| (DY combined fit)

—~, 014 F I #
S o124 Add 4
antiproton 5w 01 :_I I|I | T " ,i,
10
PRL 101, 062001 (2008) pr (GeV)

UIC N varelas Blois2010 — July 17, 2010 24



UIC

H1 high @* norm. k, multijets .
Eur. Phys. J. C 65, 363 (2010) e

H1 low Q° k; multijets
Eur. Phys.J.C67,1(2000)  e=sseeseees

ZEUS incl. k; jets
Phys. Lett. B 649, 12 (2007)

ZEUS incl. anti-k; jets
DESY-10-034 (2010)

ZEUS incl. SISCone jets
DESY-10-034 (2010)

ZEUS incl. k; jets
ZEUS-prel-10-002

ZEUS yp incl. kT jets
ZEUS-prel-10-003

G. Dissertori et al., Aleph 3-jet rate
Phys. Rev. Lett. 104, 072002 (2010}

DO incl. midpoint cone jets
Phys. Rev. D 80, 111107 (20089 ~  =====-

World average
S. Bethke, Eur. Phys. J. C 64, 689 (2009)

;;;;;;

— exXp. uncert.

th. uncert.

Consistent
results
from many
processes

0.11

0.12

0.13
ag(M.)

Katharina Miuller, QCD2010

N. Varelas Blois2010 — July 17,

2010
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Dijet Mass Cross Sections

Unfolded Cross Sections H

=1 015
> DG, L =0.7 fb! 220<|y <24 (x1oj)

13 s16<ly| . <2.0(x10%)
510 \s =1.96 TeV 01.2<lyl <16 (x10%)
m0.8<ly| <12 (x10°)
00.4 < |y|max < 0.8 (x10)

GU .|Y| <04

max

>

-O-J107 \

s

T 10

Nb

° 10° \
10=-NLOpQCD

+non-perturbative
1 0-1 correctlons

£|' 1 011 Rcone =0.7

p'r1 +p'r2)/2
Ll | |

-3 C L
10°02040608 1 1.2 14
arXiv: 1002.4594 (2010) My, [TeV]

Submitted to Phys. Lett. B

Measurement in six |y|,,., regions

Jet Energy Scale is the leading source
of data systematic uncertainty

NLO+MSTW2008 consistent w/ data
5-15% uncertainty
10-15% pg ¢ variation

- 04<ly| <08 08 <yl <12

L E Mg =He=(p, +p)2

P e

" CTEQS.6/MSTW2008
_p. i variation

“0.20.40.60.8 1 1.21.4 02040608 1 1.21.4 02040608 11214
, [TeV]
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Dijet Angular: Results

—— DO 071"

D@: PRL 103, 191803 (2009)

S o1 f
& W —— Standard Model
B 005} i - "~ _
S o cwmeveos Serisves| © Compositeness (A): ~2.8 — 3 TeV
= 01by N Mtator ADD LED (GRW, M,): ~1.6 — 1.7 TeV
0.05 .- TeV' ED _ - .
03 <M/TeV <04 I\?IC=1.3TeV TeV-1 Extra Dim (MC) ~1.6 — 1.7 TeV
O | | | B | l 11 1 |
0.1 K
\ E,,,’_‘__ﬁﬁ-—zﬁ —_———
0.05 W_ - Ratios of Data/(noqsub MC) vs{mass)‘, CDF Preliminary |
L 04<MyTev<05 |b 05<MyTeV<06 P
o) SN NS | SRl S s F
0.1 E A " £t 1.1/fb, M.=550-950 GeV
0.05 |- § 2 ¥ CDF Prejfiminary
) B B [o] 1.4_—
E 06<M/TeV<07 [ e
1)) S S IR S 120
0.1 f i 8 1%*\%
0.05 [ Frt g o8- 1< ¥<10
b 08<Mev<o9 | 06C s<. <25
-~ 15<y<
0.1 ™ Y, 0.4F
0.05 F . ._“j.; 02t
i _+T-0<ij/TeV<1.1 BT T 0z os 04 05 06 o7
0 = (mass)’ Tev*
5 10 15 5 10 15
Xdi]et= eXp(|y1'y2|) CDF: A > 2.4 TeV fOI' }L - '1 ”
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M R;5: 3-Jet/2-Jet Cross Section Ratio

R312 0-3-16'[ / 0-2-16'[

proton
e
.CLQC{QOA
S ® 00
ca
antiproton

R,, : probability to find a third jet in an inclusive dijet event
Sensitive to high order radiation and o,
Almost independent of PDFs

Use inclusive n-jet (n=2,3) sample with n (or more) jets above pt,in

|yjet| < 2'4’ ARjet -jet >1.4

Measurement of R;,(Prmaxs Ptmin) VS- Ptmax (i-€- leading jet p;)
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R32= 3ot/ 0o jet

. - . [ —— SHERPA
. 02 L REFGLITAN - D@ prehmlnal‘y __ PYTHIA:
bc% ,'t.- X - - ==== tune A
N o "3 = - ‘\\ ST tune DW
~ 0.15 : % — 4 % [
] i ' N QT [ -='= tune BW
™ B 5 B :-: ..'.\\ B § T
01 | - S |F ey
S - Fyf L -07fb : :
oC 005 [ [ — '.I..' . S
E mem 50 GeV E meln = 70 GeV E & "meln = 90 GeV
! L l . ! J 1l
0 100 200 300 500 100 200 300 500 100 200 300 500
Prmax (GGV)

» Data can discriminate against PYTHIA tunes
» Reasonable agreement with tune BW
* Disagreement with tunes A & DW

» SHERPA describes the data well
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Direct Photons
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Direct Photon Production

Photon processes:

’ \\NNV

Diphotons |

. Annihilation " —=--=—""T T R : ) O

e Annihilation ~ ----=7" 1 1

e Compton _____ 5_‘_2,0_9:!;1 2 /l
- Also fragmentation contributes " "m--—-—____ > —

o But suppressed with isolation g J O
* Directly sensitive to hard QQal

scatter

Important for QCD studies,
detector calibration, gluon
PDFs, background to new

physics

Challenging measurement

Large QCD jet background
e Observable: isolated photons

UIC

N. Varelas Blois2010 — July 17, 2010

1
0.2
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

fractional contribution

inclusive photon cross section O<|n| <0.2

partonic subprocesses

gg

Tevatron

Q9

qq

(all quark/anti-quark
subprocesses)

a0 100 150 200

250 300
pr/ GeV
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wlnclusive Photon Cross Section

e L
s L =380 pb’ DA
I'E 14 —
® T g WIL;!; (a) — e CDF Data, L=25 "
© C J = EHG systematic uncertainty
[ i = - . —&— NLO pQCD JETPHOX
B i R B — 10F o CTEQE. 1M/ BFG I
L H “ g S He=h=He=Er
1+ - 4» i - - o CTEQE.1M POF uncertainties
: -l| ] [ | | T p—— g ., T scale dependence,
LT "'.'.'i"-"'.'"""i" }L - . S
0.8_— H|H | T T i u 11]-1_E .
: + : ~
0.6 - —=— ratio of data to theory 102 -
- CTEQ6.1M PDF uncertainty g "
Lo scale dependence ) 1l}"|;— <10 —_——
0.4 - (=1 =1 =0.5p! and 2p)) = i<t
i L1 I 11 1 1 rl 11 1 1 | 11 1 1 | 111 1 | 11 1 1 : E‘rm { 2[] GE‘IJ
0 50 100 150 200 250 30 I i bl
p; (GeV)
Similar effect observed: PLB 639, 151 (2006)
: . . 08
» Datal/theory: shape discrepancies at low-p+ I A PSP TUTEN ISP |
Ef [GeV]

» Experimental and theory uncertainties ~ PDF
uncertainty - No PDF sensitivity yet

UIC

N. Varelas
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PRD 80, 11106 (2009)
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DD photon + HF Jet Production

blc

» Sensitive to HF-content of photon
e Photon p;: 30 — 150 GeV
» Rapidities: |y|<1.0, |y©t|<0.8
* Probe PDFs in 0.01<x<0.3 range
* Photon+b:

» Agreement over full p; range
 Photon+c:

» Agree only at p;<50 GeV

e Using PDF w/ intrinsic charm (IC)
improves the theory behavior vs p-

S1.8
i

0.8
0.6

0.2
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E16F

gn:
1.2

04 -mimo-

-DO,L_=1.0f" |;H|¢:na vy <0 'Y'l'b

me:‘ﬂ |y|{1ﬂ Y+b+X

y+b+X pT}15E|E-"u’

—e— data / theory
CTEQE.6M PDF uncertainty
IC BHPS / CTEQB.EM
—rarmare IC sea-like / CTEQE.EM

- Scale uncertamty

35

25¢E

05

15F -

y r*f‘El >0

40 60 80 100 120 140 40 60 80 100 120 140

P (GeV)

D@: PRL 102, 192002 (2009)
CDF: PRD 81, 052006 (2010)
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Di-Photon Production

3 > oY oXo] g » 2 photons with p; > 21(20) GeV
v
v ! S * y71<0.9, AR(y,)>0.4, p(yy)<M(yy)
g v QQQ I » Data are compared to RESBOS,
) ) DIPHOX, PYTHIA
/ Estimated number of prompt diphoton events q G e Y y
do Nﬂ' . Y * 8 0 ?
dX & A L-AX ¢ X =M, p7, Ad,,, [cosd @ T
VR I—
Event selection efficiency I"ull '*tegrated luminosity Yy 7307 +/- 312
\
Event acceptance yHet 17914/~ 411
Dijet 1679+/- 281

Accepted by PLB
arXiv:.1002.4917 (2010) Z/y* ->ee 161+/- 10
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Di-Photon Results

—_ F - — E %) 1025_ -1
> D@, a2fb" @ |2 [po, 42" (b)|8 - PP4a2id (©)
o * data o @ g
810", RESBOS 5 M = 10-
< EiN — DIPHOX 107 3
= - - PYTHIA ol 5
2 -' PDF uncert. 5 1=
8102 8 g
BIvE -~ scale uncert.| || © 421 -
i § 107F
10-3 = -3 :| I L L
z 10°¢ 2 4 |
_' L L Lo ; | 1 [ | R | 1 ﬁ 3
o e 11 8 25- 1 2
D g 2 } 451
w 1.5 1 ] w15 4%
o *:i o § 1618 2 2224 26 28 3
o 1 \i o 1 A$_ (rad)
o 5L 0 05 7
s 50 100 150 200 250 300 350 c O 1020 30 40 50 60 70 80 90100
M,, (GeV) Py (GeV)

| Discrepancies between data and theoretical predictions ”
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Z+ Jets
Jet multiplicity 1stand 29 [eading jet p;

4 CDF Run Il Preliminary 10° = COF Run Il Preliminary
10" £ B = B —— CDFData L=2.5"
a — —o— CDF Data L= 237 fb L C == istjetin Z +=1 jet [_] Systematic uncertainties
= - [ Sytematic uncertainties % - +_._ —&— NLO MCFM CTEQ6.1M
B ® —— LOMCFM CTEQ6.1M G 10° e Corrected to hadron level
o | o —o— NLO MCFM CTEQ6.1M E" e == Wy =M+ p3(2). R, =1.3
- Corrected to hadron level — B —. Ba e RS20 RS Hy2
(o) 103 n l-ls _ M% + pi(z}' Hsep=1 3 E»d_' 10 - N —— - - = PDF uncertainties
= B=2u, ;1 =p,/2 ) E — ==
e PDF uncertainties 8 C
B C 2nd jet in Z +22 jets
10% 107 —— ¢
u Ziy*(— u'w) + >N jets inclusive $ 1.4E
T P >30GeVie, [V <21 i E 135 stietinzeztjet
B = 2 1.2
= S e = B e — et L T DT
10 A SIS e o £ SER ST
= L I .'..': 1 X (ot LU R SR | 4y CEEECER EECEY
o 2f | o 0.8E
a3 F ' 0.75
— 1.5 :_ ................................................................................ BE-
[ = 2 165
a - @ 145
E ! | E 120
1 2 3 = 1
“jets a gg;:
0-4:_ 3|0 1 1 1 1 1 |160 20|D 1 1
. P [GeVic]
Good agreement with NLO MCFM ||

PRL 100, 102001 & update
3
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DzJ Z(ee) *+ (1, 2, 3) Jets: p; Spectra
" No;'malize to inclusive Z production > compare to MC Event Generato;'s ”

15t jet 2 jet R 3+ jet SN

=+ Data == PYTHIA SO =+ Data == PYTHIA SO =+ Data == PYTHIA SO
== HERWIG+JIMMY == HERWIG+JIMMY == HERWIG+JIMMY
20 == PYTHIA QW o5 === PYTHIA QW o = PYTHIA QW
= 0 25F ;
9. F© 9%E © 9 30
Z15 | = E 2.0
c f E 1'55_ g 1.5
S0 L.'.'.'.‘T.TJ:'.aL,l_ I 1‘ S 10F o 1.0F
e [ i 2 o F
o 2t S 05
5 o5y i
05 TL - L L1 1 L 1 1 1 1 1 1 PR | 1 L L L -
=+ Data SHERPA == Data SHERPA =+ Data SHERPA
== ALPGEN+PYTHIA == Al PGEN+PYTHIA == ALPGEN+PYTHIA
5 2.0 E_ —— Scale unc. 9 o5 3 —— Scale unc. 9 3.0 —= Scale unc.
Z15F (d) z 20 = 20 (d)
5 = 15F i i g 15 i_ ______ .i___m___
S0k {_._j-ﬂ-i“!“i"‘i"‘ G i Eigf BOL L e g 10 -
9 —————————— Q ————————————— — o F @ TTEememmmae——m--
R i ac: 2 F ameeaa 805 e e e
e o 1 fosf T :
0 5 ._I 1 1 1 1 L Ll I 1 | | 1 ol 1 1 1 1 1 1 1 I L ! L L . 1
20 30 40 50 100 200 300 20 30 40 50 60 100 200§ 20 30 4 60 60
p. (1% jet) [GeV] p. (2" jet) [GeV] P, (3" jet) [GeV]
Parton-shower MCs disagree in shape & normalization PLB 669, 278 (2008)

ME + Parton-shower generators describe shape better REELEASMRROH
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The Underlying Event

Jet #1 Direction

* Define three regions:

. . ‘towa rd 0 Away Region
“Toward”
17 ) ransverse
° away . Region
PS 1 t ransverse b “Transverse” “Transverse”
e Sensitive to UE : Leading
. Jet
® St u dy ._ . Toward Region
e charged particle multiplicity Traneherse

* pr and E; sum density

* Average charge particle p;

e Tevatron measurements are used to tune MC
event generators

Away Region

UIC N. Varelas Blois2010 — July 17, 2010 40



UE in Drell-Yan and Jet Production

* Use the direction of the lepton

pair

per event to define the three regions
» Correct observables to particle level

» Comparison of distributions
between jets and DY

"Transverse" Charged Particle Density: dN/dwdd
2.0 N ——
COF Run 2 | B Tame DT
3 daty soeteoms I
F 1E- N =l o — - = S
& ' LHC e —— |
m _ — -
& 132 LI — s
1 o py Tures DN |
[+
E
; "L geacineg =k i
204 BidFoint F=0.F [eikgiecy |
F Charged Parboles (m<1.0, FT=0LE Geia)
0.0 1 i } } i } i i
o o0 100 150 20 250 300 350 400
PT{jatE1) (GaVic)

N. Varelas

UIC
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|charged Particle Density: dNidnds|

.

CDF Run 2
i &

ipc

He

BdE

gl

E
|_'H=
§I'IT-|

"Ll mg Jog"
MdPoind R=0.7 [niledF )2

Bweraps Changed Dens gy
[*]

%ﬂ

“Frorermress
- N - - = m Kk __E __XE _XK x | | | 4

Chargad Partiolst {j7) 1.0, PTUE Geilio]

0 20 40 60 S0 100 120 140 16D 180 200
PT{jat#1) [GaVic)

Charged Particle Density: dNidna

- CDF Run 2 L

| | bt
e

1 | Drell-Yan e

'EI

5 s

} 1 ';r “Trancversa™

¥ // 3 —J-l:;—H

o ’L'[_'I‘_I__L!mtl ;Eiﬁpiﬂi.; fmji, P'rus-:a-!w-'i_
. mmruﬂu In-ntm-wi

] 20 an &= & 100
PT{lepton-palr) [GeVic)

CDF: Submitted to PRD
arXiv: 1002.3146
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Underlying Event at LHC (0.9 TeV)

* Study track multiplicity and p; density in “transverse” jet

region - CDF approach toward (1A <6077
o Data are compared to PYTHIA tunes Lead. obj.
Higher activity direction
in the parton-part_qn re_;_:oiling directions
A ‘Transv v TranvaA
way A—. Toward ,_Lﬂ way
0.6 £ E : i
L L L B I L S B L I L I
05— : — away (|A¢/>120°)L___ 1 [transverse (607 <|A¢p|<120")
N ;

- Toward:
all PYTHIA tune (except P0) predictions
are significantly above the data,

poor description by tune Pro-Q20 compared to
that of PO (both LEP fragmentation,

but only PO has new MPI and pT-ordered

“n
.

ILII]lIIllII.ILJillr'

0.4F N,

0.2F * Data0.9 TeV

d*Zp_ / dn d(Ao) [GeV/c]

- [—PYTHIAD6T -
- --- PYTHIA DW Showe”_”g}
0.1 =~ PYTHIA PO charged particles — - Away:
-~ PYTHIA Pro-Q20 (p > 0.5 GeVic, In <2) better description (except DW and CW)
B PYTHIA CW leading track P, > 2 GeVic 7] - Transverse:
Ll A ] | | L i | l Il il J - — | | - l *
0 -150 -100 -50 O 50 100 150 best described by DW and CW

_ A¢ [degrees] CMS: Submitted to EPJ
UIC N. Varelas Blois2010 — July 17, 2010 arXiv: 1006.2083 42




UE @ 0.9 TeV: Particle & Energy Densities |\

» Charged particle multiplicity and scalar Zp; as a function of leading track-jet p-

* Study performed in the transverse region

UIC

A T T T PRI | T T T g_ 2.2 JES B SEUNLEE O S SR N TR N 0 G R A T T T
z = ] - ; o =
% 1.2 Transverse Region ATLAS Preliminary ] % 2= Transverse Region A Preliminary ~ —
2 F \'s = 900 GeV ] 2% 1.8 \s=7TeV ~
% 1__ pT> 0.5 GeV/c and n| <2.5 == Data 2008 = { S 1.6 P> 0.5 GeV/cand n| <2.5 J—zta 2010 =
v B —— PYTHIA ATLAS MCO9 Tune | h v = —— PYTHIA ATLAS MC03 Tune
0.8+ —— PYTHIA DW Tune — 1.4 —— PYTHIA DW Tune =
— — PYTHIA Perugial Tune = ( 1 2 :_ = PYTHIA Perugial Tune _:
B —— PHOJET il = b + —— PHOJET =
B — = — ]
“F : E eete M R
= __+__ ] : 0.8 — .._""‘" B I | =
04— ) C & o
N J 06 = —
02k _: 0.4 = _E
— — 0.2 =
[~ | | | | | s | L 1 2 :. | 1 | | | T S 1 | 1 =
o - 3 © - ; ' =
@ 14 o= w® 14 =
g 1.2 = 3 12
= 1 - = 1 P
08f A 0.8f
0.6 . . . . . . ) . — 06f- -
1 2 3 4 5 6 7 8 9 10 2 4 6 8 10 12 14 16 18 20
lead ea
P [GeV] peed [GeV]
I 1 - 1 | |

CW and DW PYTHIA tunes bracket the data over most of the p; range
Discrepancies between the various tunes and data of order ~25%

CMS: Submitted to EPJ

Blois2010 — July 17, 2010 §
N. Varelas ois July 17, arXiv: 1006.2083
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nepr->»

CMS: PRL 105, 022002 (2010
JHEP 02, 041 (201(()) & p; Spectra

T T T T [T T T T[T T T T [T T T T[T T TT[TTTT] o 10— T T T T T - :5 LR R R R R

. C CMS 2 % 1 p, > 500 MeV, || <2.5,n,> 1 3 k) p,>500MeV, [7] <25 ny>1 ]

e 1[] Y | O % 25 10]: .. E

—_ o 3 = 10 ATLAS Preliminary = 3 g ATLAS Preliminary 3

= A m 7TeVpp, NSD . g 102 \s=7TeV 3 3 1070 \s=7TeV N

A o 2.36 TeV pp, NSD 5 e : g -

= = G o - -

- - 3 -3 |

g | - o 2.9 erpp‘ NSD £ pib 3 10°¢

— I=zallis ms ¥ = C N

10 3 E gms E 10 =

E_ - ] = 10° - - : R

2 H ] =+ Data 3 -5 == Data >,

S 10°F E 2 107E — PYTHIA ATLAS MC09 E 107 — PYTHIAATLAS MCO9 - 3

5 1 ] = L oef PYTHIA ATLAS MC09c 3 -~ PYTHIA ATLAS MC09c ]

Zu i T 10°F o pyTHIA DW i 10®& = PYTHIA DW R

10° - 10°F - PYTHIA Perugia0 e = ... PYTHIA Perugia0

“o 3 jo0f " PHOJET 3 jo7L " PHOJET ]

_— . 25_. | : .; 3 S I P BT R BT P beoiidifad o
a 10* E == Data Uncertainties E

(lﬁ 1.5F " MC / Data = ]

—_ 2 3 2 ]

- 107 £ pm—— ] & ]

TR ] 0.5 == Data Uncertain
T T N T T N O A A A A 0 O A A AR O 0»55_ ,,,,,,,,,,, TE ..... M C/Data""'
0 1 2 [GSE:WET > 6 T ] 045563040 50 60 70 80 80
pT I [GBV] n[;h
Discrepancies with MC tunes on the particle p; and multiplicity
distributions
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Charged Particle Multiplicity

ner-»

CMS: PRL 105, 022002 (2010)

JHEP 02,041 (2010)

L Ns=7TeV INEL>0 ]
L N ALICE pp I
D6T (109) =
I Atlas CSC (306) 7
[ IV Perugia-0 (320) .
| — PHOJET =

1 | 1
-1.0 0.0 0.5
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A ® M M o

1.2
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o e,
o8 e
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- =e= Data m E
r -—PYTHIA ATLAS MC09 il
B - PYTHIA ATLAS MC09c 5
E - PYTHIA DW e
= ... PYTHIA Perugia0 B
- - PHOJET i
PP TP POt PP PO TP FOTO PURT FHP FEPR POt
2 == Data Uncertainties E
= * MC/ Data &

o P R . o=

25-2-15 -1-050 05 1 15 2.
n

1/N,y - dN_, / dn

Ratio

F U LN LN LA RN LU LR R
156 p >500 MeV, 7| <25,n,21 -
1.4 =
1.31 =
1 of e 'a—:

o %
1A i

13_ =e= Data 2009 7

- — PYTHIA ATLAS MC09 ]

0of. - PYTHIAATLAS MCO% .
9 - PYTHIA DW -
© ... PYTHIA Perugia0 ATLAS
0.8 ' PHOJET 18 =900 GeVD
Eerbis bbb bbb e
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118 = MC / Data E
1.05¢ 3
18 2
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n

Agreement with ALICE and UA5
dN_,/dn distributions

N. Varelas
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All MC tunes underestimate the
particle multiplicity distributions
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(p,) [GeVic]
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C

<pT> and dN_,/dn distributions increase with the C.M. energy
Power law dependence fits the data well
Consistent results with previous measurements at same s
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Final Words

0 Récent combined cross section results from HERA wi‘II
help to increase the precision of PDFs

* Measurements at HERA and Tevatron have reached
higher precision than theoretical predictions

» LHC experiments have started producing first rate
physics results

» QCD is important at LHC for understanding signals and
backgrounds

» Precision phenomenology at LHC requires an accurate
knowledge of PDFs

 The golden time of QCD at LHC has started
Let's enjoy it!
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The Stairway to Heaven
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PDFs @ HERA

Proton structure probe

Neutral current Deep Inelastic Scatter-
ing (DIS) cross section:
e(k’)

d*o* B 2’ Y, 3
dxdQ?  O*x o
2mar Y

O*x
where factors ¥, = 1 (1 — y)* and
y* define polarisation of the exchanged
boson and iy = 0%/(5x).
Kinematics of inclusive scattering is determined by O and Bjorken x.
At leading order:

P

Aﬂr

— 0.8
>

_ 2= c) =I '
Py = x3eQE)+qw) gor S o
— 0.6
xF3 = X} -—’f?qﬂq(ﬁ'(ﬁ') - q(x)) os |
Tee  ~  xu+c)+x(1-y)id+s) 0s : .
Coe  ~ xu+c)+x(1—yid+5s) 03 K xS
02 F
xg(x) — from F5 scaling violation. jets and F; o1k
S, GIEI_ZOY LPQOOCJ ni[)" 10 ml-" 1tll'1 X

a ¥
F, ) — L Fi(x, 0°) 7 —xF;
'1Q Y. X, |+Y1

I"ll- F T |||||||| T |||||||I T T TTITIT T T I o . T ||||||._l
% 10 8 ;_ [] Atlas and CMS :; ?__M"M”d' Iﬁl't"l] “"F‘l‘h‘:‘
,_T‘ § [1] Atlas and CMS rapidity plateau
\JID ?;_ E= Dl Central+Fwd. Jets
E [ CDF/D0 Central Jets
0% =
F [
10°F =
E I
104 mm —
E : X f“"’ LU A 4" / ..
10°E e I
2 s
0% ot
MHMF --
DL |”||||||”H‘H I
= | [
A i
10
E_'I ||||||;| IR ETTI R NN T I AR 1| vl v vl
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From scaling violations:
FL e asxg(Xan)

N. Varelas
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At LHC we will access PDFs down
to x~10-¢ and Q2 up to 100 TeV?
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PDFs Then and Now
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GHR vs DUKE-OWENS

U Ic N. Varelas
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PDFs 25 years later

Q*=10 GeV*

HERAPDF1.0

- CTEQ6.6 90% CL

(S (x 0.05)
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Comparison of PDFs: Do they agree?

| MSTW2008 vs CTEQ6.6 I | NNPDF2.0 vs MSTW2008 vs CTEQ6.6 I

\ Up valence distribution at G* = 10* GeV* 3
2 u.s§:
Down quark distribution at G° = 10* GeV* o
= 108 ////// —— MSTW 2008 NLO (so% CL) 447 E
S § 1~°° /’//,“//// sy cTEGE.s NLO ’ e ':'-5:—
008k A7 £ ’ ; ns8 % _’/ - ; El u;E—
o : o 4 .
Gluon distrik 1 at @° = 10° GeV*®
9 " g ™ LT T
: 115 f///d, : rsg C 0% C.
E 11 E I.l
1.05 1.n5
E o.si E 0.8
o 104 10 10° ;r:r‘ . i3 01 10 10° .

UIC N Varels Reasonable agreement within uncertainties | 53




omparisons of PDFs (2)

ABKM (band) vs JR (dashed)

ABKM (s, c, b)
VS
MSTW2008

arXiv: 0908.2766

E Ir
135 ¢
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UIC N varelas Blois2010 — July 17, 2010

54



Jet Production
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Inclusive Jets — The Old Days

2 }r\r‘
A . « > . E
N e UA2 1991

ol UA1 1986 - Inclusive Jet CS

t Inclusive Jet CS AFE, — [, binsize & — selectionefficiency oL UA; r

[ s ] An — nbinsize L — inst.Luminosity 0 = V3 =630 Gev
4 o Vs = 630 GeV .
10 : 0D oon 15 o 546 Gt N,, — #of jetsin thebin 0 |- . gﬁ:::::g: -

£ — V3= 60V ] « 0.8<ni<1.2

"8 — 2 0 12<inl<l6
* Vs=0.5-0.6 TeV c " e g

2 « Cone jet clustering SO T
oLE » P;range: 20 — 200 GeV s 'l

- » Comparison to LO QCD § ot
wE » Compositeness Ac > 0.8 TeV | ~ ©*r

E . 1073 —
0t do A 10-% -

E ZIan fa/A(Xa’M)jde b/B(Xb'“)

F dP a, b 10-5 i I i L 3
m"; 3060 80 W0 0 17.‘54 m dé ( 2) ’ » 0 e 200

o (p pr (GeV)
Py GV dP, 5 (ab—cd) = ZN: ( T ) My Uncertainties ~32% on CS:

Oncettainkias ~ 70%on CS: +25% model dep. (fragmentation)

£50% accept let corr (smearing)  State of art: 3-jet production @ NLO  £1°/ejet algianalysis params

+40% calib. £10% aging £15% Lum .
A > 400.GeV “Exp and theo. (Next-to-Leading Order ~O(a.*))

+11% calib 5% Lum
Ag > 825 GeV “...include sys. effects

Uncerts. taken in to account” which could distort the CS shape”

UIC
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Photoproduction of Jets

ZEUS ZEUS
;\. 6 _I | TT T T T TT TTTT | LI | TTTT | T TTT I T T TT | T I_ c C | T T | T T | T 7T | T T I T T | T T I T TIT I T ]
a - -1 =] F B + . 4
é 10 5 e ZEUS (prel.) 189 pb — z S e < 0 I o< <1 E
ERY —— NLO(GRV-HO) ] . g : : ]
- 10° ( E E [ TSN e WE T :.-rr'f ]
- 5 s E = NN FRsassasass: annrng) ]
= Q <1 GeV’ 3 = T ]
T 104 = T 1
< 10 0.2 <y<0.85 E I 3
107 L . }:::}:::}:::}:::}::;
T 1l5<n®<2 ]
10 L . T -
£ _ 3 Te ) S
C 2en™els T .
10 ¢ nr_mnn? - T ]
F Li=n*<2 3 —+ g
C (x1000) ] + B
1 = leni™ <153 T 1
E ¥ '[IJE'D) 3 I - :_ v v v v Ly 1y 01
N ] 120 40 60 80
10 ! E — ] jf‘t
: E - E; (GeV)
af <0 ] 1 e ZEUS (prel.) 189 pb™
E- ( 1 et —
10 c W 0{:11013 <1 E C ] jet energy scale uncertainty
3F jet energy scale uncertainty ] 0.5 :_ _Z theoretical uncertainty
10 ?Eﬂﬂ theoretical uncertainty _g E E Q: <1 GeV?
1 | | I - | L1 1 | | 11 1 1 | L1 1 1 | 11 1 1 | L1 1 | I 11 1 | | 11 _1 | 1 1 1 | 1 1 1 | 11 1 | 1 1 0_2 { 3_ { 0.85
20 30 40 50 60 70 80 90 20 40 o0 80
et t
E; (GeV) ET (GeV)

\Discrepancies between data and NLO QCD at low E¢t and high njet
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Strong Coupling Constant

th. uncert.

o— Inclusive-jet cross sections in yp
— = . ZEUS
ZEUS-prel-10-003
| T T T T | T T T

expo uncel‘t- wn T T T T T T | T T T T T | T T T T | T T T T

—e—i Inclusive-jet cross sections in NC DIS d 0 22 B ZEUS (pl'el ) QCD ]
ZEUS-prel-10-002 o NC DIS 300 pb_l i
I — Inclusive-jet cross sections in NC DIS (SIScone) r i : 7
""" : - 0.20 -\ I corr. uncert. th. uncert. -
ZEUS (DESY-10-034) / 1 B
o - o photoproduction 189 pb 1
I S—" Inclusive-jet cross sections in NC DIS (anti-kT) - _ m
1 B ZEUS (DESY-10.034) 0.18 [l corr.uncert. [ th.uncert. -
—e— Inclusive jet cross sections in NC DIS i ]
ZEUS (Phys Lett B 649 (2007) 12) 0.16 — .
o Inclusive-jet cross sections in yp 0 ]
ZEUS (Phys Lett B 560 (2003) 7) — & 7 i —
0 . 1 4 K i ; :WWH:‘WMWWHHWJ oo 4
et HERA combined 2007 - M i
(Hlprelim-07-132/ZEUS-prel-07-025) - _

0.12 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

o HERA average 2004

--------- 10 20 30 40 50 60 70

(C. Glasman, hep-ex/0506035)

jet
ol World average 2009 E T (GEV)

(S. Bethke, Eur Phys J C64 (2009) 689)

0.1 012 014
o, (M)

Consistent measurements of o (M,) with world average and of the running of
a(Q?) over a wide range of E{¢t - Great Success of QCD!
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Dijet Mass Distribution

» Select jets with |y|<1.0

» Sensitive to new particles

decaying to dijets

Data described by NLO pQCD
No indications for resonances

Exclusions mass ranges:
excited quarks
260 - 870 GeV
Axigluon, flavor-universal coloron

260 - 1250 GeV
E, Diquark
290 - 630 GeV
Color-octet techni-p
260 - 1100 GeV
W’ : 280 - 840 GeV
Z':320 - 740 GeV

do | dm,, [pb/(GeVic')]

— o —
- -

.

e

- LY ""
300 GeVich, :—-l-

500 GeVie®

T00 GeVie™ ™.

—8— CDF Run |l Data {1.12 &)

— Excited quark [ f=f =1, = 1}

-
o

0

8

Sl

100 Gevig™.

o -

.

£ osf
L p4E
8 02F
[ = LN
S Of—eweees :
0.2 (b)
_':..4:.I...I...I...I...I...I...I.
200 400 GO0 2800 1000 1200 140
m_ [GeVic]
200 400 600 800 1000 1200 1400
m, [GeVic]
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Dijet Angular Distributions

do~[ QCD + Interference + Compositeness ]

| W |
SRl il R i) q :
(O (lu )T as(ll’l ) NG o v
t t A A? q q
v
do ~ 1/(1-cos6’)? angular distribution|| l @ << A

do ~ (1+cos0’)? angular distribution ||

Jetl
CM Frame - Rutherford ‘ — — with contact term
\ M. ~A
i j 0 (jet1,jet2) I

COSO” : X
4 |dN/dx sensitive fo contact interactions I
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Composﬂeness and Large Extra Dlm

° Quark Compositeness:
+ For /8 << A the composite interactions can be represented by
contact terms: g 2 q q
qu = iﬁchj/ qLQLVﬂqL
e Eichten, Lane, Peskin, PRL 50, 811 (1983)
o A= - point-like quarks
» A=finite > substructure of mass scale A

« Large Extra Dimensions (LED) >w§ l §<
e ‘In the ADD Model: ; o 9 i

* N.Arkani-Hamed, S.Dimopoulos, G.R.Dvali, PLB 429, 263 (1998), et al.
» 3+n spacelike dimensions
* n dimensions compactified to a n-torus with radius R
e R~1 mm for n=2, R~3 nm for n=3, ...
» All SM fields are confined to a 3-dim membrane (brane)
e Only gravity propagates in all dimensions (bulk)
e -Mass hierarchy problemis solved

e The unification scale can be lowered to M_.~TeV
UIC N. Varelas Blois2010 — July 17, 2010 61



TeV! Extra Dimensions

* In the TeV-! Extra Dimension Model
 K.Dienes, E.Dudas, T.Gherghetta, Nucl. Phys. B 537, 47 (1999)

 A.Pomarol, M.Quirés, PLB 438, 255 (1998)
* |.Antoniadis, K.Benakli, M.Quirés, PLB 460, 176 (1999), et al.

e Matter resides on a p-brane (spacelike dim p>3):
e Fermions are confined to 3-dim world

e SM gauge bosons can also propagate in the extra (p-3)

dimensions
* SM cross sections are modified due to the exchange of virtual
Kaluza-Klein excitations (M, = mM2, +n?/R? , n=1,2,...) of the SM gauge
bosons (e.g., gluons) through the ED
e Compact dimension R=1/M. (M. is the compactification scale)
e the 95% CL limit: M.=6.6 TeV from combined LEP data
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Search for BSM Signatures

» BSM signatures will populate the low-y

region at high M, —
» Compositeness (scale A) «‘f E:;l : — gggerforést:anenng
« Virtual exchange of KK excitations of graviton E A New Physics
(ADD LED scale M.,) T e _ ,‘
« Virtual KK excitation of gluon (TeV-! ED scale e
M.) 2 4 6 8 10 12 14 16
Kdijet = exp(ly—Y,l)

* Theory implementation:

e _ 0 9| &= 1/A2(QC)

NLO _ __NLO Onp .
Onp = Oqcp o —Onp L0

Oqcp ©qco E=1/ |\/|S4 (ADD LED)
E=1/M¢Z (TeV™ ED)

o =MEg, +&-ME, +&°-ME,

Blois2010 — July 17, 2010
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3-Jet Mass Cross Section

First measurement of 3-jet cross

section at Tevatron pTJet3 Dependence :e
Require at least 3 jets in the event

e Jet1 pr> 150 GeV

N e Bt e ReY 57 D@ Preliminary  p_>150 G V |I |]24
" reliminary P> eV, lyl<
° Jsts separated by AR> 1.4 = % o 7 b, >40 GeV (x2
2 Rconc-': iy’ .pT3>70 GeV
» Measurement performed in: ="10° op,,>100 GeV
* rapidity intervals |y| <0.8,1.6, | § ., )
24 \'s = 1.96 TeV .
* p; ranges of the 3™ jet: p;'et3 > 1 L=0-710", Rone=0.7 —
46 70,100 GeV ) Systematic uncertainty f
« Compared data to NLO pQCD 10"E" — NLO pQCD-+non-perturbative
" corrections, u —u —1/3 (p +p ,+P.)
1025, . Pe= Prg)
04 06 08 10 12 1z

Neve . 3jet (TeV)

deo 1 1
p— " —_ . C_' - .
dﬂfﬁljul L - &ﬂfﬂjel (; EP) unsmear
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Direct Photons
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Di-Photon Results

(data-DIPHOX)/DIPHOX (data-2xPYTHIA}2xPYTHIA

[%]
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hu |
e
c
=
o
=
|3
g
=3
&
=
e

{

-
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UIC

(data-RESBOS)/RESBOS

CDF Run Il Preliminary

10

== 5.4 fb" Diphoton Data
--------- PDF uncertainty —
- Scale uncertainty

8
[
4

II|III|III|III|III|
.
3
Iy

, WE
o5

2
0

!

vy P; (GeVic)

g0 100 120 140

P IR
=]

| Diphoton results w/ 5.4 fb! > show discrepancies with predictions ”

N. Varelas
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W/Z+Jets
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DD 3 jet Mass: Data vs pQCD

2 1.6} ly|<0.8 . ly|<1.6 il ly|<2.4 :
I [ 3 | 3
g4 ] it 5
1.2 - 4k -
1.0k — . .
i —=—1 ] :
0.8F . 5
0.6f D@ Preliminary, L = 0.7 f5 4F — - Scale dopendence . :
[ ] STW2008 uncertaint 3 - -
0.4F P;>150 GeV, p,>40 GeV 3 Syst uncertaullnty Nty U= 1/3(pT1 +p,,t st) s
0 :....|....|....|....|....|....|....: PR N T WY TN [N T ST TN N TN TN T [N NN U TN N N ...I...I...I...I...I.-
64 05 06 07 08 09 1.0 1 06 08 10 12 14 4 06 08 10 12 14
s (TEV) Mye; (TEV) My, (TeV)
a‘ 1 _8_ L] '[ [ | | | L] T L] I L 1 L] I 1 L] L I L] L] L] I T L] L] ] L] L T L] L I T L] L] I 1 L] L I L] L 1 L] L] L] L]
(@] i 1F
% 16F  p.>40GeV b, >70 GeV :| SIS P’ Dependence
= ar g

EF“=1£3(DT1+DT2+F’T3) '
odF s o s P i sl s 00 ssaloio]od
4

0.6F DO Preliminary, L = 0.7 f' — Scile depanidence .
- = MSTW2 ncertain
0.4F P;>150GeV, |y|<2.4 Sysst uncgﬁeﬂng'e tainty
o] BT T U T NN T T TN T NN T A PRI DI S S B A BRI R | | |
062 06 08 10 12 14 06 08 10 12 1.4 06 08 10 12 14
My (TEV) My, (TeV) My, (TEV)
Well described by NLO pQCD
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D3 Z(ee) + (1, 2, 3) Jets: p; Spectra
‘ Normalize to inclusive Z production - compare to pQCD @ LO / NLO ”

1= jet 2 jet 31 jet

S o[ DORunll, L=1.0411 =4 Data at particle level 5 E DO Run Il L=1.04 fiy '\ =4 Data at particle level e DO Run I, L=1.04 fb| =#= Data at particle level
o 10 | == MCFM NLO o | === MCFM NLO ° == MCFM LO
5 O 1%k o !
i = - (a) = ¢k (@ ~"'s~
= S = = 10* = E RS
e F sV E & F g
Dﬁm: 104_5 ‘ bﬁEN : , bgpm i Q s‘~
O|lo~ E  Zy(—ee)+ jet+X‘| o E'“WEE iy (= ee)+2]ets+X‘| & . Zly (—ee)+ 3jets+Xl\ ‘.\
©A°E 65<My <115Gel D F G5<M,<115Gey) © 10°E 65<M,, <115Gev| \{
& F Incl.inpf /' X_ 104- Incl. |np Iy = F Incing}/y
N R, =05, [y 1<25] 18 E REL, =05, [y | <25 & b Rewe=051y" <25
:l L 1 L L 1 Ll I 1 i L . -I L L L L L 1 L I L 10‘6.-_| L 1 1 1
=+ Data =+ Data =+ Data
== MCFM NLO == MCFM LO == MCFM NLO == MCFM LO ==MCFM LO
2.0 - — Scale unc. —— Scale unc. | — Scale unc. —~ Scale unc. —=Scale unc.
: 0 25F Q 3.0
5 _F 3 20 = (0) -
zZ15 E = 205
E | i z o sl gisg - |
[™ p——— L LT T Q o L e i
) e T T 1 T
O 051 el
0.5 1 1 1 b1l ] 1 C1 1 1 1 Lol 1 1 1 1 1 1
20 30 4050 100 200 300 20 30 40 5060 100 200 20 30 40 . 50 60
5 % a .
p, (1"jet) [GeV] p. (2" jet) [GeV] p, (3" jet) [GeV]

PLB 669, 278 (2008) & PLB 678, 45 (2009)
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iy E D:a: L=1.0 fb! . E ® Data — PYTHIA Perugia® = 10 D@, L=1.0fb! E ® [ata — PY¥THIA PEI’Lgla'
- & C
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§ ® [ata g @ [Data = AL P+PY Parugia® § @ [ata g & [Data = ALP+PY¥ Parugla’
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B i B R
[ = [ R e 1
07k //, a7k Y N L L
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r i [ L L
Q.5F ’ a5k
SHERPA scake unc. * (b) I SHERPA scale unc. td) a2 SHERPA scale unc. (t) a.7r SHERPA scake unc. (d)
. L Ll Lo L : — Lo - - ; E 1 I | Ll [ PPETEEUT | T R | il | L 1
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PLB 682, 370 (2010)
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Z+Dhjet

Z+b probes the b-quark PDF and Q ——AAAAE Q- Z
provides an important test of pQCD | i e O
&N
Background for many channels: ZH, PR e Q g & N g
top, SUSY, ...
| § ——PAAE q \ A
* Analysis combines Z->ee and ppu r 2
channels i3 LE T . coFomm 2 3
At least one jet with p:>20 GeV, |n|<1 v B ‘ | MR Q= + P,
R 2 electrons (muons) %Eho.;?-““““--i ......... MCFM Q -<pTJet> :;
» p:>15 GeV (10 GeV), [n|<2.5 (2.0) %‘: e — E
Measurement: :
o(Z+b)/o(Z+j) = 0.0176+0.0024(stat)+0.0023(sys) | - SN s
Good agreement with NLO QCD: 0.018+0.004 5 ] N
Previous measurements ==
D@: PRL 94,161810 (2005) N ' =
CDF: PRD 79;:052008 (2009) °§— o N 1l
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W+ D jet

Important process from many

D g —
searChes at Tevatron and LHC g an_ } |:| Bodtarm cantribalion
. . E E::I charm comrbution
Invariant mass of charged particles 70 { [ wF conributen
. . s Summed contribution
associated with the secondary vertex o o } o 713+ 47(sat) - 6layst) %
. = = = = 159+ 5.5(stat) %
is used to discriminate between the % = 126+ 38(stat) %
possible jet flavors to yield the b-jet w0
fraction e
20
pt>20 GeVie, N < 1.1, p,Y>25 GeV/e ﬁ :
bjet bjet B
Py > 20 GeV, N> <2.0 % § e
M, (GeVic)

o b-jets (W+b-jets) - BR(W — | v) = 2.74 £ 0.27 (stat) + 0.42(syst) pb

All predictions are lower than the measurement:
Pythia: 1.10 pb, ALPGEN: 0.78 pb, NLO: 1.22+0.14 pb

CDF: PRL 104, 131801 (2010)

UIC N varelas Blois2010 - July 17, 2010 72



Probes s-content on proton

g+s ~ 90%, g+d ~ 10%
At Tevatron W+c is ~5% of the inclusive
W+1 jet cross section with p¢t>10 GeV

W=

g

W=

Charge correlation of leptons used in
event selection

Preliminary Measurement (4.3 fb-1)

o(W_)eBR(W- Iv) = 33.7 £ 11.4 (stat) £ 7.3 (syst) pb

Theory prediction @NLO (MCFM): 16.5 £+ 4.7 pb
Previous CDF: PRL 100, 091803 (2008)

e Measure of the ratio of o(W+c jet)/c(W+jets)
cancels many systematic uncertainties

o p/°t>20 GeV, |nict|<2.5

oW +c-jet]

oW + jets]

D@: PLB 666, 23 (2008)
Ulc N. Varelas

Theory: 0.044=0.003
Alpgen+Pythia

=0.074+0.019*202 ‘

Blois2010 — July 17, 2010

o(pp — W+c-jet)
o(pp — W+jets)

0.2
0.18
0.16
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2.0.12

e
-

0.08
0.06
0.04
0.02

IRAEE AR RER

[T

TTTT T T

roryTT

DY
L=1fb"

Alpgen (v2.05) + Pythia (v6.323)
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—.—
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1 |
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Soft QCD
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w"_ Double Parton in y + 3 Jets

@) SP p";
X2 / A | O,0p
A U el —— jet3
i ) , / ( L PP o g
X2 @ X5 gﬁ: pieﬂ P;
y :
DP Type | DP Type Il DP Type lll
jet2 pi P P, v
pJT pien pT
» Scattering of two parton pairs in a
collision ol
S, LA o
* O.4. @ measure of effective size of ot otz
eff P} pr pt
interaction region (b) (©) (d)
e Contains information on the spatial
d's_t"b”t'°“ of partons » Double parton scattering can be
* Uniform = Large o= small opp background to many rare processes
o. Clumpy - Small 6+ 2> large opp
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Double Parton: Results

2 - _ -1 I~ N _ E
= 0_5:— DO, Lim_ 1.0 fb E o5t Dd, L.m‘ 1.0 fb
> : R
o i T 5 C
0.5 o} -
% N Eﬂ 20 l {
B4 o 1
c R L
- N ®
-% 0.3 2 " |
© a -
I 02~ ® from AS, 4 10;
- O from AS, 50
0'15 from AS,, -
P T onollets i hdsloneleanmlsoalois _ T I T T IS T T
0 16 18 20 22 24 26 28 30 q5 20 25 - 30|
P (GeV) P (GeV)

DJ: PRD 81, 052012 (2010)
Average o+ = 16.4 + 0.3(stat) + 2.3 (syst) mb”

In agreement with previous CDF measurements:
PRD 47, 4857 (1993); PRL 79, 584 (1997)
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Charged Particle Correlations in MB Events

° Selectlon of MB Sample:
o _Trigger on dimuon events

e Then require one or more
Minimum Bias primary vertex

o At least 0.5 cm away from
triggered PV

e Within 20 cm from z=0
e With at least 5 tracks

Detector transverse plane

y

QI lead

/ Angle A inthe
ztransverse plane -
X

UIC

N. Varelas

Triggered PV

%

Minbias PV

Minbias PV

Observable:
(background subtracted, normalized) A¢
distribution of tracks from leading p+
track
Regions:

Compare data to Pythia predictions

In|< 1, In|<2, same/opposite sides
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Charged Particle Correlations: Results

1r|-1ln) / (m/50)

)/ Z(NT =N

NT-N

0.05

o
=)
5

T
min
o
[=]
(]

=0.02

0.01

A¢ subtracted, normalised |n| < 2
| DQ Preliminary

i \'s =1.96 TeV

b :

Data

—— Pythia Tune P HARD

— — Pythia Tune P SOFT

------- Pythia Tune PO

A¢ subtracted, normalised |n| <2

DO Preliminary
\Ns=1.96 TeV

* Data
S Pythia Tune A

— — Pythia Tune PO
—— Pythia GAL

UIC

Sensitivity to Pythia tunes - Further studies are under way ”
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Hyperon Production in Min. Bias

CDF RUN Il Preliminary

» p+ differential cross section of

hyperons with |n|<1 )
=
o AO—)p'IT, - —)AO'IT ’ Q —)AOK N CDF RUN Il Preliminary %
L w
* Use Minimum Bias sample ™
% 200: o | | 1 1 | sl |
g r 108 109 11 111 112 143 114 115 21,16
: muf M, (GeVic?)
|.|>J E
1 off CDF RUN Il Preliminary
- o CDF RUN Il Preliminary P f F
1 0-1 = %O -100 :_ ‘+ 1200:—
o E °n CIE T AT Nl ol =
N> 10_2 _ " \'e_n |11| <1 MP-"-" (GeVic') % b Gaussian
8 ;E " g - Fit to A(p," /(py *+Po )" i ano__
i ;_ % % anu;
E.- § @ 400:
m%10-455 ZUD:
B .F o
“2510' = o 7129 13 131 132 133 134 135 138
wl g 3 M,.. (GeVic’)
10°L =
Wl |o L.| Cross section drops by 7 for
P S T I P T W A T T T each s quark
0 1 2 3 4 5 6 7 8 9 10 |

pr (GeVic)
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- Minimum Bias Studies at LHC |

» Traditionally defined as Non- £Py C 50435 (2007)
Single Diffractive events: T
Oiot = Oeas T Pt T{Odd T Ong gl F
\ | : g P | ]/ |
NSD | ﬁ:i/'iHC |
» Large model dependence on LHC|| -+ po—

expectations/predictions based -

on lower energy data 0 e
 Need to understand the properties sl

of inelastic events as they will be
background due to pile-up at high
luminosities
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