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Outline

[0 Introduction
[0 Results from HERA and Tevatron

Inclusive jets and dijets

Inclusive photons, photon+jets, and photon+heavy flavor
W/Z+jets and W/Z+heavy flavor

Underlying Event and Multiple Parton Interactions

[1 Expected Results from LHC
0 Summary & Remarks

This talk is entitled “High-E; Jet Production”; however,
results on boson+jets and low-Et jets relevant to high Et
physics are also discussed.
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HERA, Tevatron, and LHC

Tevatron

e

Large Hadron Colllder

Geneva SW|tzerIand
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Jet Production at HERA

Jet Production in Neutral / / e A oL,
Current Deep Inelastic q vz “%_LL i
Scattering (NC DIS)

gx) 1
Diagrams == N

=]
—
N
=)
oa

o
N
deet Born Process Boson-Gluon Fusion QCD Compton
= Za 0.0 ) a/IO(X pF )Ga m(X OLS,]JR) Lowest order non-trivial
~— ~ contributions to high-Et jets
PDFs Hard Scatter
- 02
» Testing pQCD: factorization, |= D5 Q>>0

universality of PDFs and strong Hard collision & No UE.

coupling constant (a,) [0 Photoproduction (PHP): Q2 = 0
®» Assuming pQCD: extract PDFs Hadron-hadron like collision

(James’s talk) and a, (photon behaves like hadron)
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Jet Production at the Tevatron

do, = PDFs
Za Zb fa/p(xpaulzz) fb/ﬁ(xﬁaulzz)

A 2
® G, (Xy5 X5, Og, UR)

~"

underlying
event

Hard Scatter fragmentation
» Test pQCD
» Based on pQCD: extract PDFs * jet

and a,. Study/test matrix 1 ynderlying event makes the
element calculations. measurement complicated

B Good place to study nature of
underlying event

[0 Wider kinematic ranges than HERA
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Boson+Jet Production at the Tevatron
1, W, Z,

p /" etc

do = PDFs

ZaZb?a/p(xp’“i)fb/ﬁ(xﬁ,ui)

® 6a,b(xp)xﬁ)a‘s’ui2?)

event

underlying

— R .
Hard Scatter fragmentation
» Testing pQCD

Assuming pQCD: extract PDFs * jet
and a,. Study/test matrix 1 ynderlying event makes the
element calculations. measurement complicated

B Good place to study nature of
underlying event

[0 Wider kinematic ranges than HERA
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Calorimeter-level jets

Jet Production and Measuremnt

LA &
v\
Hadnonic showers _

Unfold measurements to
Hadron-le\}el jets

the hadron (particle) level
‘\ Hadronizatioml

Correct parton-level theory
for non-perturbative effects
(hadronization & underlying event)

Underlying event
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Inclusive Jets & Dijets

d,, PDFs,
Physics beyond the Standard Model



us
% Inclusive Jets in Photoproduction

Reanalysis of published measurement

O

O

New NLO calculation by Klasen,
Kleinwort, Kramer

MRST2001 PDF (previously MRST99)

do/dEX (pb/GeV)

Parameterize a,(M,) dependence of ;-

observable do/dE; in bin i by

9% _ (1. a (M) +C2- o2(M,) -
dET % 02
o, (M) = 0.1223 £ 0.0001(stat) =,
-0.4

F0-0053(syst) + 0.0030(th. )

Total 3.1% uncertainty

ZEUS

» ZEUS 82 pb™

NLO QCD E
—— MRST2001/GRV-HO -

d<n<2s

142 < an < 293 GeV

energy scale uncertainty

20 30 40 50 60 70 80 90
E¥ (GeV)
ZEUS-prel-08-008
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@ Inclusive Jets in Low-QZ DIS

DIS at low Q2 >

o
[0 Lots of statistics ]
[0 Natural region to look first “'%
O 5<Q%<100 (GeV/c)?

u ET,Breitjet >3 GeV

Good data description by NLO pQCD but
with a large uncertainty due scale uncertainty

Double differential cross sections yield:

a,(M,;) =0.1186 £ 0.0014(exp)

+0.0132

o oo(theory)|x 0.0021(PDF)

0

3

3| $ H1 prelim. HERA-|
107 NLO * (1 +5,,,)
(0.25- 4.0) 2,
u? = (Q%+ Eq)4
u?=Qf
10%E .+
C &
-~ H1 preliminary
10 .. |
10 10°
i 2 2
H1Prelim-08-032 Q% [GeV?]

u; from Inclusive Jet Cross Section (HERA-I)

- H1 Preliminary

0.3

0.2_—

0.1

+ a(u=Q)
— <o f(u)> from O ot

NLO uncertainty

= 10%. Higher order calculations will help.

Q/Gey 10

August 31 - September 2, 2009
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E Inclusive Jets in High-Q? DIS

ZEUS-prel-09-006

O Good description of databyNLO . ZEUS _
PQCD over many orders of 3 1 * ZEUS (prel.) 188.3pb™ -
magnitude in Q2 % ; — NLO

.-bw

[0 Scale uncertainty much smaller Cie
than that at low Q2, but still .
dominates the experimental one 10 B > 8 GeV

: 2 -2 <Mit< 1.5

except at high Q2. S
80-4 _-| — - _
D CIS from d(j/d(l2 at Q2> 500 Gev2 z 02 T [ jet energy scale u11certainty—;
E 0 R e
as (Mz) — Oo 1 192 i 0.000g(Stat) %-O.Z ''''''''' | theoretical uncertainty |
©-04 3
0.0035 0.0020 = 0 S B
" 0:0032(EXP - ) g 001 (E. ) 10 10 o lGev?)

total 3.5% uncertainty
See also James Ferrando’s talk.
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Strong Coupling Constant Summary

= experiment (IS(MZ)

[0 Extracted a; values are theoretical uncertainty 2 g ;
consistent with the world ' - T
average ZEUS: Jets iny p (2008) —m—

: . ZEUS: Jets i 200

[0 Consistent between different US: Jets in p (2003) -
processes I
B Success of QCD! H1: Jets at low Q7 (2008)| xS
® [nh many cases, the _ T . .

measurements suffer from T uthets at high @%(2009) n

sizable theoretical . 7
uncertainties (higher order 2EUS: Jets at high @ (2009) .

QCD calculations wanted) - -
e*e” four-jet rates E

See also: - —
Inclusive jets, dijets, Multi-jets, H1, world average (S. Bethke 2006) -

DESY 09-032; also a poster by A. Baghdasaryan e

August 31 - September 2, 2009 EPS ‘09 talk by J. Behr 12



Jet Production at the Tevatron

antiproton

[0 Test pQCD at highest Q2.

at high-x)
[0 Measure a

fractional contributions

Unique sensitivity to new physics
B Compositeness, new massive
particles, extra dimensions, ...

Constrain PDFs (especially gluons

0.1 0.2 0.4

] T
inclusive jets: Tevatron Run Il -
ly|<0.4

qq — jets |

gq — jets

- gg — jets
[ 1 III| 1 1 1 1
50 100 200 400
pr (GeV)
17III\‘II\\‘\\Illl\\lll\\\‘\lllI
0.8
*E' |:|u+dquarks
s 0.6F
§ 0.4 -gluon
S o2
8 of
o
= 0.2
Q r
L I  Q=100GeVic
-0'6_..‘\..H\H..l.u.l.‘um...l.
0 01 02 03 04 05 06 07 08

x = p(parton) / p(proton)

August 31 - September 2, 2009
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Inclusive Jet Cross Section

l I 13 ) _~—
o 107 —— CDF data (1.13 b’ > 10"E DG Run Il * |y|<0.4 (x32)
'g % 1010:: |:| Systematic uncertainty % 10° - ©  0.4<|y|<0.8 (x16)
3 . NLO 5OCD 2,0 = 0.8<|y|<1.2 (x8)
= 10 ., P >, 0 1.2<|y|<1.6 (x4)
& b e Midpoint: R=0.7, f, . .=0.75 cfws' 4 1.6<ly|<2.0 (x2)
e E 10 o -~ % 10°E A 2.0<|y|<2.4
'c 10 :_ ., +—u—_.__._ ++ o 102 =
. " —— — 10
102 . - T — ly]<0.1 (x10°)
R R TENs=1.96TeV
L O (x10) 10" L =0.70 fb”
10-3; e - 0.7<ly|<1.1 102E Reone = 0.7
= T e 10°F —
10" S 1.1<|y|<1.6 (x107) E NLO pQCD _
= - 104k +non-perturbative corrections
A4 1.6<ly|<2.1 (x10° =
10 :' 11 1 | 1 1 1 1 I TI¥IT 1 I{IX 1 I)I | 11 1 1 | 11 1 1 ] 1 1 1 | I 105 E_ CTEQG-SM HH = l/LF = pT
0 100 200 300 400 500 600 700 107 s T L T I | P N
50 60 100 200 300 400 600

Phys. Rev. D 78, 052006 (2008) Py (GeV/ C)Phys. Rev. Lett. 101, 062001 (2008) Pt (GeV/c)

[0 Test pQCD over 8 order of magnitude in do?/dp,dy
O Highest pet > 600 GeV/c

August 31 - September 2, 2009 14



Inclusive Jet Cross Section

Both CDF and DO measurements are
in agreement with NLO predictions

B Both in favor of somewhat softer
gluons at high-x

Experimental uncertainties:
smaller than PDF uncertainties

n-l

P T T T T N T N T N T T A S O A B SO B
100 200 300 400 500 600 700

Py (GeVic)

E D@ Run I
- L=0.70 b

P e ow

. CTEQ6.5M PDFs 1
- |y| < 0.4 :

N T e ===

F 3=~ NLO scale uncertainty

-
——“-

:_E-—l—hl- ..... _:

0 =080, "'-."rl"'.i'. /

¢

E 1.2<y|<1.6 :

I
I

Midpoint:

50 100 200 300
P (GeV)

CDF Data (1.13 fb") I NLO
PDF Uncertainty

MRST 2004 / CTEQ6.1M
Systematic uncertainty
Including hadronization and UE

R=0.7, f 00e=0.75

merge

August 31 - Ser see also, Inclusive jets with Kt, CDF, Phys. Rev. D, 75, 092006 (2007).



Ratio to MSTW 2008 NLO

PDF with Recent Tevatron Jet Data

MSTWO08: arXiv:0901.0002, Euro. Phys. J. C

. . . 2 _ 4 2
Gluon distribution at Q“ = 10* GeV
15 = I I ':’::::::::::0:.% RSHRS ’:: ':
— s
= MSTW 2008 NLO (90% C.L) /Aiessdes ol tdodlodotodosstodd
14 RS
= - D 000000 1 00 0P 00000000000,
E B Cete e totete o tetete e toatetetetodetete e,
- MRST 2004 NLO 009290 000007 $ OOV 0 00 000 000 000
= 7z R SIS IREILBIKEKL
1.3 R IR LRI R RRAKRS
30 N % o
F CTEQ6.6 NLO /o 23 K
= %&% & %
1.2 &8
- 2%
A XKL
= LRSI
1.1 7 va“'::':i:i:o:o:.‘.““::
E — 7 7 Z DR LHKHX K RRLRK RS
- SRR RRK KX

1
0.9
0.8
0.7

0.6 W.r.t. MSTW 2008

- s S GRRCRELSELLS
e ar A AT M A g 4 g e Tt Y0 2030 00202020 030 Y 0 % e te Yo e te e % \\\
D AR

0.5 ' :
0.2 0.3

e
—

0.4

05 0.6 0.7 0.8
X

Ratio to CTEQE.6

CT09: Phys.Rev.D80:014019,2009.
gatQ =85 GeV

Blue: CTEQG.6
Green: CTO9
Red: MSTW'08 NLO

1.4 |

0.8 |

0.6 W.rt. CTEQ6.6

0.010.02 0.05 01
X

10-510-* 10-? 0.2

[0 Tevatron Run Il data lead to softer high-x gluons (more consistent
with DIS data) and help reducing uncertainties

August 31 - September 2, 2009
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w Strong Coupling Constant oo ote 5979

o (p7) from inclusive jet cross section
in hadron-induced processes

O H1
A ZEUS

0.2

E i e DO
= o5 L
- DG preliminary
0.1 =1 0,/(M,)=0.1184+0.0007
T (S. E!etlhke arl){iv:EC}QOIB.]1|35|}I |
~, 014 F
From 22 (out of 110) inclusive jet cross z otz Eod qab o a b
section data points at 50 < p; <145 " . | .ﬂ. | ! ﬁ‘? | ?. Itlfltl*l?l?m
GeV/c . e

pr (GeV)

- NLO + 2-loop threshold corrections oon]
+U.
. MSTW2008NNLO PDFs o (M;) = 0.117375 504

3.5-4.2% precision

- Extend HERA results to high p;

August 31 - September 2, 2009 17



DIJEt Mass SPeCtrum Phys. Rev. D 79, 112002

0 Test pQCD predictions

[0 Sensitive to new particles
decaying into dijets: excited
quarks, heavy gluons, techni-p,
etc

Dijets with jets |yt <1

> 3
S " Midpoint, R=0.7, |y <1, L, - 1.13 fb™
< = —e—— Data/NLO (GTEQS.1M, p=pT**"(jet1 2)/2=p1, R, =1.3)
— 2.5— l:l Systematic uncertainties
o B
© = PDF uncertainty from CTEQ
Q NP G{MRST2004) / o(CTEQS.1M)
2 of2 x ) / oli,)
- o(without R_) / 6(R,,=1.3)
1.5
o | T ot o IR S I e SO, o ) SN I
0.5 CDFRunII
+6 % luminosity uncertainty not included
[ S N NS S NN SN S S NS T SN '
200 400 600 800 1000 1200 1400

M, [GeV/c’]

1 g
10°F -,
10°F

m_[pb/(GeV/c))]
=)

1
-—
» © ©C O O o
| I I B L L I L I

5 102

E 300 GeVic

500 GeVvic?

~®- CDF Run Il Data (1.13 fb™)

heavy particles

200

M
400

M
600

800

P N N
1000 1200

Ll
1409

m, [GeVic]

e Consistent with NLO pQCD
e Most stringent limits on many new

10° e

g 95% CL limits {for R-3 G, Technirho ‘
a) .
l"-.. ——— 05% CL limits {for the others;
o , . % CL limits (for the ot
— 10 0 . %‘ . : :
— i i ===« Technirho
D : —_
v r - —PRSGKN0Y
-u_ 105 i — Excited quark
2 i " . === Axigluon/Coloroh
> 1L B v =+ E6 diquark
o0 - Y :
S << ¢
® p—
= M o'
o p—
- b B E : R NS
o g — [ PR RPN B n P N
400 600 800 1000  T20— 1400

ass [GeV/c)]

August 31 - September 2, 2009

Mass reach up to ~ 1.2 TeV/c?
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Dijet Mass Spectrum

Extend pQCD test to forward

rapidity regions
SIX |Ymax| regions
(0<1Ymax|<2.4)

O

Described by NLO pQCD

[1 PDF sensitivity at

large |yl

[0 Favor softer high-x gluons
[0 No indications for resonances

DO Note 5919

Data / Theory

o g
lv|<0.4 04<ly| <08 08<ly| <12
I i N
2|
ik
1.8}
1.6} .
DO Preliminary
04| — -1 -
IF_i_O.?::'b7 H=H =P =P +P )2
cone — Y-
0'2-...|...I...I...I...qu i e T T T I |III|III|II-IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1.6 - i S
12<ly,,/ <16 16<ly| <20 20<ly |<24 !
1.4f - P
1.2}

0.8

0.6}

0.4 ®Data

I:ISysremaric Uncertainty
0.2f

—MSTW2008

—Scale Unceainty
«++:PDF Uncedainty (MSTW2008)

-- CTEQE.6/MSTW(2008)

0 02040608 1 1214

02 04 06 08 1 12 14

August 31 - September 2, 2009
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Dijet Angular Distribution

B n
< 0.14 |- —— Rutherford Scattering
5 by === Q0D
© 012 ... New Physics
L 01
0.08 |,

Variable:
Aaijer = EXP(IY, —V, |)
at LO, related to CM scattering angle

_1+cosO*
Xdijet - A_ Cose*

0.06 & > -
[l]l]]]]l]l]llll*l
> 4 6 8 10 12 11 16

A xdijet = eXp(|y1_y2|)
e*

/ e

1 do
G dXdijet

[0 QCD scattering ~ flat in ;e

[0 New physics, like
B quark compositeness
B extra spatial dimensions (LED)
— Peak centrally (low ygijet)

: Normalized distribution
(reduce experimental and theoretical uncertainties)

August 31 - September 2, 2009
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Dijet Angular Distribution

1 do
G dXdijet

1/6 4o AO/AY et

: Normalized distribution
(reduce experimental and
theoretical uncertainties)

0.05

0.1

0.05

[0 Consistent with NLO pQCD

[0 Limits on Compositeness & LED
M Quark Compositeness A > 2.9TeV
® ADD LED (GRW) Ms > 1.6 TeV
m TeV-1ED Mc > 1.6 TeV

0.1

0.05 f

3 —— DJ 0.7fb"
W —— Standard Model
T+ === Quark Compositeness
| OF<MTV<03 | A-22TeV (e
. R ADD LED (GRW)
L + + Ms =1.4TeV
--- TeV'ED
0|.3 < Mji/'l'leV <04 | M,=1.3TeV
04 <MyTeV <05 £ 05<MyTpV <08

06 <MyTeV <07

_IJJ[.

i _+1_0<MHKT]eV<1.1l

5 10 15

arXiv:0906.4819

10 15
%dijet = exp(|y1 'ygl)

August 31 - September 2, 2009
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Photons, +Jets, +Heavy-Flavor

Photons: “direct” probes of hard scattering

Test perturbative QCD, PDFs



Prompt Photons at HERA

Prompt photons in DIS Prompt photons in Photoproduction

Hard radiation from lepton line Radiation from lepton line becomes negligible
e’ Y e e g*
z Y
q q
p P
Hard radiation from quark line

= <

See James Ferrando’s talk.

Direct

Resolved

[0 Testing QCD models

[0 Sensitive to proton and
photon PDFs

August 31 - September 2, 2009 23



@ Prompt Photons in Photoproduction

H1Prelim-09-035

Ls

Photon-jet correlations

'Ug x> 08 ? I x°>08
pT*f § 3& 2 H1 preliminary E H1 preliminary
A‘\ 3 i s
: jet ® = H1HERA I 7 o0
P NGO e CER 0 I
Transverse plane f_‘f 1 o1 =
Theoretical models: R == |
140 160 180 0 2 4 6 8
FGH (Fontannaz et al): NLO ™ . A¢ [deg] P[CeV]
Including: | SE | xocos C x9<os
a b d / g E& H1 preliminary Loy H1 preliminary
ox diagram S5 T
B quark-to-photon fragmentation Sz L
3 . : FU A'rfm'_/
LZ (Lipatov, Zotov): Kt factorization 9 s /
. . . WA ——
B Dbox diagram and fragmentation S L — A1
@ _ o _t/////////
neglected =~ R ol
140 160 180 0 2 4 6 8
Ap [deg] p,[GeV]

B soft gluons absorbed
Need more complete theory calculation

August 31 - September 2, 2009 24



Prompt Photons at the Tevatron

q Y q v
inclusive photon cross section D< |1 <02
partonic subprocesses
S s
§ S o
. o = 0.8
Directly sensitive to hard scatter E o7 qq
— 0.6 (all quark/anti-quark
§ 05 subprocesses)
E 0.4
= D.3
D Y 0.2 qg
0.1
g V/qx\'\.‘ 0 5]9 |

=0 100 150 200 250 200

Fragmentation contribution: pr/ GeV
Photons accompanied by other particles.
Suppressed by isolation requirement.

Potentially sensitive to PDFs

We measure “isolated” photons (E; in R=0.4 < 2 GeV for CDF)

August 31 - September 2, 2009 25



Inclusive Photon Cross Sections

Y
b

10

10"

do/dn’ dp; [pbiGeVic]

107

10
1.8
1.6
14
12

data/theory

1.0

0.8
06

CDF Run Il Preliminary

%&, —e— CDF data, L=2.5 b

- eﬁ systematic uncertainty

E = —a— NLO pQCD JETPHOX

- '.9_ CTEQ6.1M / BFG Il

= - e T TRelat

E —a— ——— CTEQ6.1M PDF uncertainties

B - scale dependence

E - =0.5p! o d n=2p’

E —— U=U.opr and u=2py

B —a—

:E -—

=

E

= In']<1.0 and iso<2.0 GeV, R=0.4 N

E . | Ly v by v v b by s

-

e I\

e e on st SNl Gaiiegel

= .. M R IR I I R
|||||||||||||||||||||||||||||||||||

|
- 1
1 1 2 2
0 oo S0 00 S0 P%%gon p,35PGeV?c

0

Data / Theory

Phys. Lett. B 639, 151 (2006)

DJ

L =380 pb’

sy
=
L I

-
N
[T
m——

' _ ’ ------------------------------------------ }L ____________________
T M l L i ________ i _____ . e
o[ HHTHT'T % ! ﬁ * % 1

0.6 - —®— ratio of data to theory

i CTEQ6.1M PDF uncertainty

s scale depende?ce ;

04— EuH=uF=ufl=0-5pT a?d 2p.) | |

0 50 100 150 200 250 300

Py (GeV)

[0 CDF and DO measurements show similar trends

[0 Data/NLO pQCD: In agreement at high p;, but enhancement at low p-
B Similar shape also in Run 1 analyses - need to be understood

August 31 - September 2, 2009
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Photon + Jet

[0 Look at more full hard

Phys. Lett. B 666, 2435 (2008)

. . '1-6_ DQ ' Ifglt ;I."' T jet - I 5 & jet <25, yl jet 5 _;

scatter kinematics W ik AL + SesHime e |
P > 15 GeV ? *l | 5

1.2 2 .

jet jet jetf jet
\ < X < > <« > ‘/

Ratio of cross sections: Data/Theory

—
T
e R
;.'ﬁ;:
T
.—
';"'L_|
—e—
12y
L Y
'
1 4

X‘ E’l Eﬁ E L =1 bt f ;
Y y y ’Y 0.4E o _ |
1:65 B }lyj;ll ;;'B‘ZT'VJCI <8 i 1.5 < [y <'2_;, y‘f{.yJ ‘<0 :
12_ S — ol _
[J Dat t It d ibed b 1F P’:-I’:;T'm::h-:;:;;‘;;:‘? 5 |=~+-4-_+,_+:}_h___£‘_‘1__ff -

NLO pQCD
m Can CDF reproduce this? |

04fF

B I N t r-l n S-I C kT? ReSS um at-i o) n? - E 7.8% s overall normalization uncertainty

—*— ratio of data to theory (JETPHOX)
theor. scale uncertainty

CTEQ6.5M PDF uncertainty
LR ratio of MRST04 to CTEQ6.5M
i ratio of Alekhin02 to CTEQ6.5M
SR ratio of ZEUS05 to CTEQ6.5M

—

30

100

200

30 100

P’ (GeV)

August 31 - September 2, 2009
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Photon + HF Jet Production

Phys. Rev. Lett. 102, 192002

e[
L .y FoLt
b / C 7/ 581.5 - ‘[-‘_.,lj‘., sl L,=10m" b,,ljd . L,=10M"
i | <08 b et L ¥y 71 <08 .
S1af ¥¥" >0 Lt Loy <o Vbt
g S
1.2:‘ ‘ T
1f F
08|
| —=— Ratio of data to theory —=a— Ratio of data o theory
06l Fg;ﬁg;’:!:d[):' “ﬂ_ceﬂa(ii"éi{ i CTEQ6.6M PDF uncertainty
P F el ratio 1o 0. | -=--- IC BHPS Model ratio to 6.6M
0 Sensitive to HF-content of proton - IC Seadlike Model rato 10 6.6M - 1C Sea ke Model o o 66
0.4
k d f e Scale dcpcr\l}dcncc ) |- <eeeeee Scale dcpcq[dcncc ;
L (. =p = =0.5p. and 2p_) F o (=p =p =0.5p and 2p )
O B g OrmanyBSMS 0-2‘..."|,'..‘1..1‘!.."1,,.1..,1,..\,“..p."|“1'},f'|‘.pr..?H.,.l‘..\..m,
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
5r - Is :
Ph 30 1 O G / g [ —a— Ratio of data to theory ly {Iji <L0 | —=— Ratioof data to theory vl <L0
. . =45 :— CTEQ6.6M PDF uncertainty |)-' I <08 :— CTEQ6.6M PDF uncertainty |.‘-“"| <08
Oton pT' 5 ev C % [ ==== 1C BHPS Model ratio 1o 6.6M ¥y 50 | oo 1C BHPS ratio 10 6.6M yiy® <
: T4 ° i - | miEREID IC Sea-like Model ratio to 6.6M [~ == IC Sea-like Model ratio to 6.6M o
Ra p]d]t]es. | yy | < 1 . O, | y']et | <Oo 8 3 ko Scale dependence f o Scale dependence
351 [szpl_.:plztl.ﬂ)_"’_ and 2]3';] _— [“kzur:“u:”'ilﬁ and 2],‘-:]
3f- DO Run I Preliminary " - D@ Run II Preliminary )
+he E L, =100 - L,=10m"
Photon+b: 25} oo e l
0 Agreement over full p;* range 2f '
. 15[ '
Photon+c: T
1 |i
[0 Agree only at p;7<50 GeV/c. g -
. .T . O'S'lnu|1|:lnu]nnxl;:nlluljlﬂ;_llu|1::l1.1]111J.11|1HJ.llJJ
D D'Isagreement ]ncreases W'Ith pT’Y 0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140

0 Using PDF including the intrinsic P (GeV/c)
charm (IC) improves, but data and theory still not compatible
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W/Z + Jets, + Heavy-flavor

Prerequisites for top, Higgs, SUSY, BSM

Test perturbative QCD calculations,
Monte Carlo Models



W/Z+Jets Production

q—‘—mmmmg q—‘—mmg q ~
Jormeem 9 g 9
W/Z W/Z W/Z

0 W/Z+jets are critical for physics at the Tevatron and LHC: top,
Higgs, SUSY, and other BSM

[0 NLO pQCD calculations are available up to >=2(3) jets
[0 Many Monte Carlo tools are available
®m LO + Parton shower Monte Carlo (Pythia, Herwig, )
B Matched tree level matrix element + parton shower Monte Carlo
(Alpgen, Sharpa, )

[0 These calculations and tools need “validation” by experimental
measurements
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Z+Jets Production

—— ¢ ormTTm = ormrmnn
—— NN —)—— NN
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——— ke = M + p(2), R, =13
....... NLO scale p = 2p, ;p = p, /2
- - - NLO PDF uncertainties
—&— LO MCFM hadron level
—_—

—— CDFData L=25"
Systematic uncertainties

—o— NLO MCFM CTEQ6.1M
corrected to hadron level

&

66 < M__ < 116 GeVic®

E% > 25GeV, i <1
al<1 ] 1.2<mil <28
p > 30 GeVie, [y*™| < 2.1
AR(e.jet) = 0.7

—_—

&

Phys. Rev. Lett 100, 102001 & update
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Data/ Theory
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Data / Theory

10°

-
Q
S

10°

107

-
o

-

107

=N =R=]

—e— CDF Data L=251b"
. L . - .
Ziy*(—e’e’) + =1 jet inclusive (<20) [] systematic uncertainties
== —=— NLO MCFM CTEQ6.1M
" - Corrected to hadron level
2 _ 2 —
—— pg = M2 + pI(Z), R, ,=1.3
—- = 2pg i =g f2
- - - - PDF uncertainties
. a
= . ——
+
N —
—_——
—_—
Z/y*(—e’e’) + =2 jets inclusive

Ziv*(—e'e’) + 21 jet inclusive

Ziv*(—e'e) + =2 jets inclusive

200 pet [Gevic]

Data and NLO pQCD in agreement

Good control sample for SUSY search
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L+ (1, 2, 3) Jets

Testing Monte Carlo Models: favor Alpgen with low scale

Leading jet in Z + jet + X

~+ Dala =1=PYTHIA SO —+Dala =1= PYTHIA SO
== HERWIG+JIMMY == HERWIG+JIMMY
20 | w— PYTHIA QW = PYTHIA QW
o E (©
2'1.5 -
z 4
o badmasd 4]
e [ Wimee
°
T
o
0'5 m L L L L L A L
=+ Data =+ Data - SHERPA
== ALPGEN+PYTHIA == ALPGEN+PYTHIA
20 - —-Scale unc. 025k —= Scale unc.
(@] C :
z15F (d) i} =24
z R s 15 3 _Z_; -
C o v o e e e s e e e
S0k i_ﬁ—!r—{-‘!“i"'}"' = S10F
- TP u—— € [ emmmee———————— -
A i S - o [ - T -
- A — S S5 ~——— >
0'5 7 1 L L I 1 | 1 C1L 1 L L L 1 L 1 I L
20 30 40 50 100 200 300 20 30 40 50 60 100 200
i nd .
p, (1% jet) [GeV] p; (27 jet) [GeV]

See also W+jets, CDF, Phys. Rev. D 77, 011108(R).

Second jet in Z + 2jet + X

Ratio to MCFM LO

Ratio to MCFM LO

Third jet in Z + 3jet + X

=+ Dala == PYTHIA SO
== HERWIG+JIMMY
= PYTHIA QW
30 ()
2.0
1.5 i !
1.0
0.5
=+ Data * SHERPA
== ALPGEN+PYTHIA
—= Scale unc.
3.0
2.0
1.5

1.0

0.5

-
""----————

E
2

40 50 60
p, 3" jet) [GeV]

Phys. Lett. B 669, 278 (2008), arXiv:0903.1748, arXiv:0907.4286

August 31 - September 2, 2009

32



W+b-jets production

W w

e

b , %/ b
<7

Large bkgd for many analyses

[0 SM Higgs (WH) production

[0 Single top quark production

O tt production

(See Bernd’s and Krisztian’s talks.)
Can we better understand this bkgd?
Both electron and muon channels
Jets with Et > 20 GeV and |n| < 1.5

WH —Ivbb search

2 jet bin Backgrounds:

Double tag events B Diboson

|
CRLA 6% m3% —
m 5% W 26% 0 s-top

“ =
W 48%

1%

010% E weewe
0

| Mistags

E Non-w

0-B=2.74%0.27(stat)}+0.42(syst)pb
NLO:2.28+0.22pb
Alpgen: 0.78pb CDFnote 9321

Success of NLO QCD. Awaiting for differential measurements.
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Z+b-jets Production .. ... .

L. B =

16 ;— * CDFData a)
14F 2

. m— ICFM Q :ITI%
12

C 2_en?
1|—l—l lllllllllllllllllllll MCFM 0 -‘:pT,]et>

b VA Z

g 9 <b
[0 Probe the not well-known b-content of b

the proton

[0 Backgrounds for SM Higgs Search E'* [GeV]
(ZH->vvbb) and SUSY

{Z:;: 191)x 104 [Ge\f"]

1 dogi*
=
E =
I

CDF Data

Both electron and muon channels E i 30 L
Jets with Et > 20 GeV and |n| < 1.5 ? 1 —— A, -

( 74 b) g 1— == PYTHIA —
VTP 2.08+0.33+0.34(%) e :
o(Z + jets) i _
PQCOMCFM :1.8%(Q" = My +P7;);2.2%(Q7 =< P o >) R ' o e

E ™ [GeV]
o Large variations between MC models
(important inputs for tuning)

Data and theory in agreement but both
have sizable uncertainties (No complete NL
prediction for Z+bb)
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Underlying Event (UE) &
Multiple Parton Interactions

Prerequisites for High Pt Physics

Low-p; Soft QCD, Monte Carlo Tuning

See also:
Minimum bias measurement, CDF, Phys. Rev. D, 79, 112005 (2009).

Multiple parton interaction, H1prelim-08-036; also a poster by L. Magro.



* UE in Jet and Drell-Yan Production

2n
Leading jet | Z Away Region

Direction

Transverse
Region

: ) Leading JH
: Jet

“Transverse” “Transverse”

Transverse
Region

fragmentation

Away Region

0
-1 4—’11 +1

Transverse plane

Underlying Event: et n-¢ Plane
everything except hard scatter DY production:
[0 Transverse and toward regions
Jet production: (excluding lepton-pairs) sensitive
0 Transverse region sensitive to UE to UE
[0 High statistics jet sample O Cleaner environment (Z/y* carries
0 Studies in various dijet topologies no color)

[0 Limited statistics
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UE in DY and Jet Production

| Transverse Region Charged PTsum Density: dPT/dnd¢ |

Comparisons of three regions —

[0 Away region p; density goes up with
lepton-pair p;, while the transverse
and toward region p; densities are
mostly flat with lepton-pair p;

CDF Run 2 Preliminary
P> 0.5 GeV/cand Il <l

----------- Dell-Yan Particle Level MC (PYTHIA Tune AW)
. Corrected Drell-Yan Data

Leading Jet Particle Level MC (PYTHIA Tune A)
u Corrected Leading Jet Data

Z Region: 70 < M < 110 GeV/c®

3.5

3

25

2

\ All Three Regions Charged PTsum Density: dPT/dnd¢ |

Transverse Momentum Sum Density (GeV/c

_IIIIJIIII|IIII|IIII|IIII|IIII|IIII|IIII

15
g 20 - CDF Run 2 Preliminary 1
& 18 P.>05 GeV/cand | <1
E 16 :_ ‘cl';ransvtercsjeTParticle LEBEItMC 0.5 d
c E— ? ------ T g&rg'gdepartriglrgstgzseﬁm%a N T T T T T T e
8 14 = Corrected Toward Data %7020 30 40 50 60 70 80 90 100
E 12 —— é‘gﬁﬁg&t'ﬁ'ﬁaﬁz‘e‘éﬂgc Transverse Momentum of Lepton Pair or Leading Jet (GeVi/c)
7] - 2
- Z Region: 70 < M < 110 GeV/. . .
g 1op ~feson AmS S TR 1 } Comparisons between jet and DY
s 8- kT I .. o
5 o el ! [0 Similar trend in jet and DY
3 JF P events: UE universality?
O — I‘ . .
2 o e . _ [0 Tuned Pythia describe data
T % 10 20 30 40 50 60 70 80 80 00 reasonably well.

Transverse Momentum of Lepton Pair (GeV/c)

There are many more plots for UE in jet and Drell-Yan production corrected
to hadron level: Very important for MC generator tuning/development




w Double Parton using y+3 Jets

4
Opp = Oy;j Oj;/ Ot
S -':: ;‘ A O . effective interaction region

, ThE e - -F." Y eff i g )
{ » b , | (Large o4: partons more uniformly distributed)
[ P y: P
|I |x§ : "—_ﬂ-{'? HZ:,-

.' h:_} B"‘ - .-".l. |\/|a|n - SP Pl
y4 background
> |
. . pJ:IS |
[0 Study interactions of two o | ¥

parton pairs in single proton: '
B Insight to parton spatial a8 OP Type lll

distributions in the proton P & | p!

p!:ﬁ

M Background to other process

especially at high _

luminosities signal s o

pl::-‘ﬁ ! p]::l2

(b) (d)
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w Double Parton Scattering

L (Ao, (Ael,k)
O Calculated for the pair that gives % = ﬁ\/[ 50(1,1) * 500, k)]
the minimum value of S:

- N2 . 2
y,jet—i jet—j,jet—k \ 3, = : \/(lpT(y")l + lpT(J’k)lj
AS = AG(p;" ,p ) T 2 e ) Lepi(k)
i o 25]
E | D@Preliminary, L =1.01b "
© 20
DO Note 5910 |
50| |
E D@ Preliminary -
5F PYTHIA 6.4 o I
- AS,m3jets, IFSR=ON, MPI=OFF . r
é 4 AS,y+3jets, IFSR=0OFF, Tune A-CR 5:_
150
JES IR AT BT B RN 5710 R
1T 0716 18 20 22 24 26 28 30
: ) P (GeV)
05 -
- : | : L Geff=15.1i1.9mb
o o5 1 15 2 25 3 (consistent with previous CDF results.)
AS (rad)
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Early Results from LHC
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Jet and QCD Physics at the LHC

[0 Minimum Bias / Underlying Event
Measurements

B Scaling from lower energy
experiments to LHC

B Basis for high p; physics program

[0 Jet Physics:
Inclusive jets, dijet mass, dijet angle, jet
structure, ...

B New physics beyond QCD?
B Monte Carlo Tuning

B Constraints on PDFs and a, at
unprecedentedly-high Q2

Boson + Jets
B Prerequisites for top/Higgs/SUSY/BSM
B Monte Carlo Tuning

o (proton - proton)

1ub

1 nkx

Farmilah S5C
CERM 1 LHC

¥ LA

0001 0.
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Measurement of Minimum Bias

0 Minimum bias is major “background”  Ctot

to all physics processes =06, +6, HOy + 0,
B LHC will run at high luminosities.
Pileups. o 1 | 2
O One of the important first L | ovsere corunen
measurements to be made at LHC. = PHOUET1.12
—
©
—
i - .
[T pp interactions
% ® UA5 and CDF data
—— MC charged primaries 4 B
T +—'1—5, o | ATLAS _
_‘ 1 ! ! '7 | i
2L P; > 150MeV |
el b b b b b b Do Ly Ly 790,95
D5 2 15 1 05 0 05 1 15 2 25 0 ol Lol L gl IR
N 10° 10° 10°* 10°
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Compact Muon Solanoid

Inclusive Jets at the LHC

Test perturbative QCD

Sensitive to new physics in new
energy regime (compositeness,

new heavy particles, ...)

£ Y
[ CMS preliminary ™ .e......

S"‘- 1 07 T T T T | T T T | T T T ‘ T T T ‘ T T T T T T i
() F ——a—— PYTHIAQCD E
Q Experimental Uncertainty e
= S PYTHIAQCD + Contact (A -3 TeV) 3
- 105 L pQCD(NLO) -
_c =
-
ol
o = E
5 E
O a3l
10° ¢

E k,D=06
105 Vs=10TeV
é ILdt=10 pb"
LF Iyl<o0ss
101 =_\ ‘ |y|<| | L1l | L1l ‘ L1 ‘ L1 1 | Ll
200 400 600 800 1000 1200
jet P; (GeV)

[0 Assume 10% jet energy scale
uncertainty on day 1 (factor

~2 in cross section)

HE:
1400

Fractional Deviation from PYTHIA QCD

o

CMS PAS QCD-08-001
L L I L L L
" —e— PYTHIA QCD + Contact (v = 3 TeV) I

--------- Experimental Uncertainty 1

Theoretical Uncertainty e

: CMS preliminary + :
| k;D=06 h
N's=10TeV +

I det=10pb’1 + |

400 600 800 1000 1200 1400
jet P; (GeV)

Can probe contact interactions
beyond Tevatron reach.

Constrain PDFs and extract a, at

high Q? later.
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Summary & Remarks

Tremendous effort has been made to advance understanding of QCD
with jets (+X, X=1v, W, Z) at HERA and Tevatron

[0 Determination of a, and PDFs from jet x-section measurements
B Precise a, from HERA and Tevatron
B Stringent constraints on gluons at high-x

Photon-jets measurements challenge theorists
L/W+jet(s) measurements test pQCD, help
MC modeling, set basis for Higgs/BSM searches
[0 Underlying event measurements important
for MC tuning
[0 Much more to come - Tevatron expects 12 fb-'
by 2011
First results from LHC expected next year
[0 Rediscover QCD (commissioning detectors)
0 Test QCD at unprecedented high Q?
[0 Physics beyond QCD?
August 31 - September 2, 2009 A “jet” in Geneva, Switzerland.
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Jeu) HERA - ZEUS and H1

[0 HERA 1: 1992-2000, ~120 pb-1/expt

[0 HERA 2: 2003-2007
Hm -200 pb-1 e-p, ~300 pb-1 e+p
B June 30, 2007: Last day of HERA

after tremendous success
.Status: 1-July-2007

400 Halle OST tHERMES) 4

[ Low E_ Run Hel EAST {(HERVIES)
—— elecirons P Hell est (HERUWES)

| = posilrons

| low E

Halle WEST {HERA-E}

Hall WEST (HERA-BI

aff ouesl (HERA-B) Elﬂkhclncl}.::;‘ft::’annn
res

| Etsctrons | Fostars
Prolonen
-8 — Frolom
Protars
Synchrotronstmhung
=T Bynohoron Aadizhior
Hayormamant Sy oty ohan

200 -

H1 Integrated Luminosity / pb”

100 —

0 500 1000 1500
Days of running
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# Tevatron in Run Il, CDF and D@

Tevatron:
[0 Proton-antiproton collider
OO0 Runl (1992-1996)
B Vs=1.8TeV, ~100 pb-'
0 Runll (2001-)
m s=1.96 TeV
B 36 bunches: crossing time = 396 ns
B Delivered luminosity ~6.8 fb-1
B Current expectation: ~12 fb-1 by 2011

CDF and D@:

Two general-purpose detectors:
Silicon microvertex detector
Solenoid magnet
Calorimeters

Muon chambers

OO00O0
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Jet Production and Measuremnt

Hadron-level jets

the hadron (particle) level
k Hadronizatioml

Unfold measurements to

\

Correct parton-level theory
for non-perturbative effects
(hadronization & underlying event)

Jets are collimated spray of particles
Underlying event

originating from parton fragmentation.
- To be defined by an algorithm
August 31 - September 2, 2009
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Jet Algorithms

Two main categories of jet algorithms

[0 Cone Algorithms
B E.g. Midpoint Algo.: Extensive use at Tevatron in Run Il @
(as suggested in Run Il workshop in 1999, hep-ex/0005012) K_jet - Cone jet
B Cluster objects based on their proximity in y(n)-¢ space
B [dentify “stable” cones (kinematic direction = geometric center)
B Pros: simpler for underlying-event and pileup corrections
Cons: infrared-unsafe in high order pQCD & overlapping stable cones.

______

[0 Successive Combination Algorithms
B E.g. Kt Algorithm: Extensive use at HERA. A few Tevatron analyses.
B Cluster objects based on a certain metric. Relative Kt for Kt algorithm.
B Pros: Infrared-safe in all order of perturbative QCD calculations.
Cons: Jet geometry can be complicated. Complex corrections.

A lot of developments in recent years.
[0 SISCone, Cambridge-Aachen, Anti-Kt, etc.

[0 Extensively studied in LHC experiments. Will benefit future studies.
August 31 - September 2, 2009 50




Jet “Definitions” - Jet Algorithms

Midpoint cone-based algorithm Infrared unsafety:
O Cluster objects based on their soft parton emission changes jet clustering
proximity in y-¢ space

[0 Starting from seeds (calorimeter
towers/particles above threshold),
find stable cones
(kinematic centroid = geometric center).
[0 Seeds necessary for speed, however source of infrared unsafety.

O Inrecent QCD studies, we use “Midpoint” algorithm, i.e. look for
stable cones from middle points between two adjacent cones

[0 Stable cones sometime overlap
- merge cones when p; overlap > 75%

More advanced algorithm(s) available now, but negligible effects on this measurement.
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Jet “Definitions” - Jet Algorithms

k;_algorithm

Cluster objects in order of increasing their

relative transverse momentum (k)
: AR
] d;= p%‘,i? dij = min (p”zf,iap%,j) D

until all objects become part of jets
D parameter controls merging termination and Kr et Cone jet
characterizes size of resulting jets

No issue of splitting/merging. Infrared and
collinear safe to all orders of QCD.

Every object assigned to a jet: concerns about vacuuming up too
many particles.

Successful at LEP & HERA, but relatively new at the hadron colliders
[0 More difficult environment (underlying event, multiple pp interactions...)
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Inclusive & Multi-jets in High-QZ NC DIS

Normalised Inclusive Jet Cross Section

D 150 < Q2 < 15000 GeVZ 1?H1 150 < Q%< 200 GeV? 2 1§_H1 200 < Q°< 270 GeV? ?
0 Inclusive jets, 2-jet, and 3-jet & i _
cross sections are measured o T
12— T 12 ' I
e 10f ° i ’ | 10— = * -
0.8-8 1I0 20 30 40 0-8-8 10 20 30 40
P,/ GeV P,/ GeV
TEH1 : , TEH1 . _d
: R 270 = Q"< 400 GeV r 400 < Q"< 700 GeV
107 10°F
N 1:.:1:‘:
: : : : e UF '
O a, from inclusive, 2-jet, and 3-jet L ) o
. . 12f . 1.2F _ L
cross sections and combined e e I
8 10 20 30 40 8 10 20 30 40
P,/ GeV P,/ GeV
_ 1EH1 e) TEH1 f)
OLS (MZ) — O. 1 168 i 0.0007(€X|3.) 5___?0\:‘:‘5!2 : 5000 < Q%< 15000 GeV?
10" 10'F
+0.0046 g I :
_0.0030(tho) i 000016(PDF) “‘Ei 104;_ - 10_’;_ e Hi Data
: : [ INLO® hadr
12 12
K 1.0= Ty ] 1 1.0—=%
0 . 08 . . =3 0.8-._'—.| * N B
+4.2-3.0% uncertainty U N )
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Inclusive Jet Cross Section

C —— CDF data (1.13fb) >10"F DG Run Il . IYI<0|-4| (X322 )
= . : O 406 o 0.4<l|y|<0.8 (x16
= Systemat rtaint = 10°E
e I Systemet uncatainty 2% . 08<lyl<12 (x8)
- . P > o 1.2<|y|<1.6 (x4)
= ". o |
- T Midpoint: R=0.7,f __=0.75 oo 4 1.6<ly|<2.0 (x2)
e merge S 10°) A 2.0<|y|<2.4
:: - ..—-.-.-"—_._ _.__._—-— QIO 102
A —— e 10
oL el — ly|<0.1 (x10°)
N R TENs=1.96TeV
Sy ++++ == 0.4<|y|<0.7 (x10)) 10"F L =0.70 fb"
; “e e 0.7<ly]<1.1 102 B = 0.7
. T - 107
= S 1.1<|y|<1.6 (x107) z NLO pQCD :
= - 104k +non-perturbative corrections

A4 1.6<ly|<2.1 (x10° = F

10 :' 11 | L1 1 1 I TI¥IT 1 I{Ix 1 I]I | 11 1 1 | L1 1 1 | L1 1 1 I 105 §_ CTEQG'SM HH = l/LF = pT
0 100 200 300 400 500 600 700 10-6' T R | | L
50 60 100 200 300 400 600

Phys. Rev. D 78, 052006 (2008) P (GeV/c)

[0 Test pQCD over 8 order of O
magnitude in do?/dp,dy
O Highest pJet > 600 GeV/c O

Phys. Rev. Lett. 101, 062001 (2008) P (GeV/c)

Jet energy scale (JES) is dominant
uncertainty: CDF (2-3%), DO (1-2%)
Spectrum steeply falling: 1% JES error >
5—10% (10—25%) central (forward) x-section
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Inclusive Jets with Kt Algorithm

[0 Data/theory comparison

consistent between
measurements with cone and
Kt algorithms and with
different D values (jet sizes)

au
%10 C K, D=0.7
‘-:; — 4 T Data
s 10° _[ L=10fb Systermatic uncertainties
— —es— MNLO:JETRAD CTEQS. 1M
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Phys. Rev. D 75, 092006 (2007)
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___________

—————
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— = Data {L=1.0f"}
Systematic uncertainties
——————— PDF uncerainties
------- H=2xy,=max p‘-f-Er
-- MRST2004
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From Particle to Parton Level

nw 1.5-
use models to StUdy effects _5 ] 45_ Parton to Hadron Level Corrections
of non-perturbative processes g 1_35_ U Underlying event
(PYTHlA HERWlG) L L —— Hadronization
, . . . 12 Uncertainty
e hadronization correction e
= underlying event correction
D.Qf— """""""""""""""""""""""""""""" -
CDF study for cone R=0.7 s ePF Run llPreliminary
for central jet cross section T D I I
0 100 200 300 400 500 600
Py (GeV/c)
- apply this correction to the pQCD calculation
- to be used for future MSTW/CTEQ PDF results
- first time consistent theoretical treatment of jet data in PDF fits
56
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Midpoint vs SIScone: hadron level

[0 Differences between the currently-used Midpoint algorithm and the
newly developed SIScone algorithm in MC at the hadron-level.

— .02 L R 1 E L ......................................... ....................
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'; D. ........................................................

g

b D ]

; . 5 5 y 200 400 600

1-02_ ............... T .................... pT (Gev,(c)

Midpoint: R =0.7, f =0.75

ccccc

Hadron-level Correction (MP — SIS)

0 200 200 600
P, (GeVic)
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Midpoint vs SIScone: parton level

[0 Differences between the currently-used Midpoint algorithm and the
newly developed SIScone algorithm at the parton-level.

101_ ......... ............. ................. ....... s ................ ............
ly|<0.1 f f 0.1<|y|<0.7 ' :
1_.. ......... S SO e - SO
0.99|_ rr'-.-'_'_._._' ..................................... — J"-'-'-'_._._'_' ........................
o
E 101_ .............................................. b e e e e
N 0.7<|y|<1.1 1.1<|y|<1.6
B S R W I S S S
=]
E 099_ l'rrr'_'_.__.i ..................................... S _rr'-'-._'—_._ ................. ............
©
) 200 400 600
p_ (GeVic)
1-01_ ......... ..................................................
- 1.6<|y|<2.1 :
1_.. ......... SO
—_—
F Midpoint: R =07, f=0.75
0-99_ ......... ............. e e
Parton-level Correction (MP — SIS)
0 200 460 Billl]
p. (GeVic)

Differences < 1% — negligible effects on data-NLO comparisons
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Inclusive Jets: Cone vs Kt Algorithms
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Ratio to MSTW 2008 NLO

PDF with Recent Tevatron Jet Data

MSTWO08: arXiv:0901.0002, Euro. Phys. J. C

CT09: Phys.Rev.D80:014019,2009.
gatQ =85 GeV
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Tevatron Run Il data lead to softer high-x gluons (more consistent
with DIS data) and help reducing uncertainties

MSTWO8 does not include Tevatron Run 1 data any longer while
CTO9 (CTEQ TEA group) still does, which makes MSTWO08 high-x
even softer (consistent within uncertainty)
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@ Underlying Event Study at HERA

[1 Dijet Photoproduction (PHP)

B Photon either point-like (x, = 1) or hadronic (resolved y, x <1)
[0 Multi-parton interactions are expected for x <1 but not

for X, = 1

Resolved
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Strong Indication of Multiple Parton Interactions in PHP
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[0 Tuned PYTHIA (Tune A) doing

O

Underlying Event in Jet Events
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reasonable job but not quite
perfect
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sensitive to the semi-hard
component of UE. Well
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Underlying Event in Jet Events

‘”TransMAX" ETsum Density: dET/dnd¢
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* W + Single ¢ Production w

Motivation:

[0 Probe s-content of proton at high Q2
M g+s~0.9, g+d ~ 0.1.

0 Important BG for top quark studies,
searches for Higgs, stop...

Strategy:

O W— l+v selected by high p; e,u +
MET

O Charm-jet identified by the soft
lepton (muon) tagging (SLT)
algorithm.

[0 Utilize charge correlation between W

lepton and SLT muon.
B In W+c production,

opposite sign (0S) > same sign (S
B In W+bb(cc), same sign (SS) ~ OS.

0S-SS 0S-SS
N measured N bkg

Lx Axeg

Ow.c XBrW —1v) =

(d,s,b)

g C
QQQDDQD' \ Charge correlation

Soft lepton tagging (SLT

————————————————————————————————

C

Main OS-SS backgrounds
[0 Fake W

O W-+light jets

0 Drell-Yan

August 31 - September 2, 2009

64



W + Single ¢ Production w

Measure the ratio Ow.c/ Owsjets- o0 5
Many systematic uncertainties 0, 60 ®) L=1fb"
50
cancel. < o { o
Measurement made as function a;g e Welght e
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of jet pr, ) 12:‘"‘:‘: ..... ey P i —
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G :_ _____ + i
e =0.074£0.019(stat) Goii(syst)  gghr o Aeemremeees
OWw 4+ jets E 0
2| C
. e oo 1 &1 T
Alpgen+Pythia prediction: a(2008
Tle, -
0.040 = 0.003 (PDF) zg: ____________________
In reasonable agreement 0-02§— \
o_u | L ! L L |2 !
arXiv:0803.2259 [hep-ex] 10 jetp_0eV]

August 31 - September 2, 2009 65



W + Single ¢ Production

: e Data (~1.8fb") E e Data(~1.8fb")
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NLO pQCD prediction: In good agreement
11.0 "4, pb

Phys. Rev. Lett. 100, 091803 (2008).
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Tevatron — LHC Parton Kinematics

Tevatron LHC
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Compact Muon Solanoid

Dijet Angular Distribution
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