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The Fermilab Tevatron




The Fermilab Tevatron

p—

Run Il at the Tevatron _ |
Proton-antiproton collisions at 1.96 TeV ~ P -
March 2001 - September 2011 ==
Peak luminosity 4.3 x 1032 cm2s-*
Delivered integrated luminosity ~12 fb-"
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Integrated Luminosity 11871.03 (1/pb)
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Up to about 10 fb™! of data are available SRESEES IS, | ,,
for each experiment T s
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The CDF and DO Experiments

The CDF Experiment The D@ Experiment
Central Muon Central Calorimeter (EH)
5000 tons Central Tracking
. \.—.—/ ‘ Calorimeter

N

T"Muoh Tracking
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~.“‘ 4 = =
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Time of Flight
entral Outer Tracker
s Silicon Vertex Detector 30’
% Intermediate Silicon
1]
’
)

Two multi-purpose detectors
O e, y, and tidenficaon
[0 jet and missing energy measurement

O heavy-flavor tagging through displaced
vertices and soft leptons

The data-taking efficiency for both experiments was high (> 90%)
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Top Quark Physics




—

Why Study Top at the Tevatron?

O Predicted by the SM and discovered
by CDF&DO0 in 1995 ot | waniomno | unans
[0 Very unique: o @)

Eleciron Muon Tou

B m -~170 GeVvsm, ~ 5 GeV -AEE W .
B Top-Higgs Yukawa coupling A, ~ 1 . Q -

Up Cham Top

— may help identify the mechanism o T ém
of EWSB and mass generation. dn | alw [

— may serve as a window to new physics
that couple preferentially to top.

0 Successful Tevatron top quark program
B Only place we could study the top quark until 2010

B High precision measurements of top quark mass, top pair production
cross section, decay properties

B Basic properties/kinematics still not known precisely: forward-
backward asymmetry, spin, width. charge, lifetime, etc
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Top Quark Production at the Tevatron

[0 Top quark is mainly produced in pairs (~7 pb)

t
0000 ’f )m)m
9 h (\* \
@ g5y ° 15% t

B Can be also produced singly (-~ 3pb). Single top quark production discussed later.

0 According to SM: I'(t >Wb) ~ 100% tt decay modes

all hadronic

lepton + jets

Channels: W
+jets: 30%
dileptons: ~5% g tau + jets
(l=e or ) ' '

Ocrober 23, 2012 8



Ttbar Cross Section Measurements

[0 Ttbar cross section prediction
computed at NNLO+NNLL
accuracy

o1 = 7.247 5 (scale) 1o 15 (PDF) [pb)

depends on its mass (~3%/GeV)

[0 Measurement basics:

o — Ndata — NBG
BR-A-L

B [(0) = P(NgatasNpreg) maximized

w.r.t. c where P(x,p) is the
Poission probability dist.

B Fit a predicted binned
distribution to data

B Actual likelihood is more
complicated due to systematics

Events

12

CDF, L=4.6fb ) —— |
DO, L=5.4fb"" =——
it+X (Tevatron) W
LO; NLO; NNLO; NNLO+NNLL
MSTW2008(68c.1.) LO; NLO; NNLO
Independent L\ p scale variation

164 166 168 170 172 174 176 178 180 182
mtop[GeV]

1000

500

1 Jet

2 Jets

3 Jets

CDF Run Il Preliminary L = 4.1 fb™!

M pata

M £ + 0j (5.5pb)
Mti+j(1.6ph)
I single Top

y W +HF

I Mistags

Il Non-w

Wz +jets

Di-boson

4 Jets =5 Jets
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Ttbar Cross Section Measurements

0 The first measurements with incnt, B o
the complete Tevatron COF ANN Ijte B, o momn con
dataset have started coming N I SR

O Measurements consistent COFaliets  b—bmemb—t 72140505 108pb 215"
amongst various channels CDF combined * [Ea— 7.71to.$1;p.4opb up to 8.8 fb”"

O Limitation from systematic LS i
Uncertainties (JES, b_tag, DO l+jets @] 7.90+0.74 pb 5.6 tb™
W+jet5) DO combined —— 7.56to.zo;o.56pb 561th"

Tevi\troncombined‘ e 7.65+0.20+0.36pb upto 8.8 "
e tm=mseey "

6 7 8 9 B
pp — tt cross section (pb) at\/s=1.96 TeV

[0 Combination:
og(pp — tt @ 1.96TeV) = 7.65 £+ 0.20(stat) £ 0.29(syst) £ 0.22(lumi)pb

reaching to the NNLO prediction accurancy
NNLO+NNLL: o(pp — tt) = 7.2410-2% (scale) 515 (PDF)[pb]
(Barneruther, Czakon, Mitov)
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CDF Conf. Note 10761

Top Quark Mass in the l+jets Channel

400 o
O Top mass close to the scale of EWSB 350 C.DFD!tzrg'?:;ﬁgy
B Special role in EWSB? ‘%222 [ Signal+Bkgd
3 . (D B
O Huge mass gives importance to QCD 2200 ?;‘ﬁd only
corrections for top quark 5150
w100
e Miop With Moo & My, provides a fundamental 50 |
tests Of SM P LR ROCOOD0 ROCC Bl O ROE000 w7 VY
0 250 350

t

0.6/ R EEEEE RS
B m,° from a kinematic fitter: i PR
i i x i T+ . [)_4_.i it A log(L) = 4.5 _:
) o | (pz:’;frt . pzj,ﬂm.eas)g | (Ljf t L,-j?_neas')Z i : | =
X = E-i:ﬁ,ﬁljets U? + Zj:x_'y' 032' 10.2; E
(ijj - ﬂir[.’[;’)Q (;nlirfv - ;nlirl,.’[;’)g (Jirbjj — _”Fgeco)Q (J.nljrbﬁy' — _”.Fgeco)g ;éo [ ,
1, T2 + 2 T .
O Three M, sensitive variables: B A R B
2 | ‘CDF Il Preliminary 8.7 fb" L 5
mtreco, mtreCO( )’ mJ] T R T YT T T TR T BT - T T TR TR T
o . . Mmp(GeV/c)
Mapped to M., and AJES by a likelihood fit &
signal (bkg) probability | m, = 172.85 + 0.71 (stat) + 0.84 (syst) GeV/c?
density function =172.85 + 1.10 GeV/c?
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http://www-cdf.fnal.gov/physics/new/top/2012/TMT_p38_public/

arXiv:1201.5172, accepted by Phys. Rev. D =

E* Top Quark Mass in Dilepton Channel

[0 Based on neutrino weighting technique (matrix element method)

[0 Jet calibration (& JES systematic reduction) is achieved by using the energy
scale derived from in lepton+jets measurements: k. = 1.013 £ 0.008 (stat)

O Neutrino weighting technique

B The kinematics underconstrained

due to two neutrinos

B Probability density function
depends on n of neutrinos

-In(L)

s

in1dne

P (111 [ma P (o m Yo, oo

from MC ttbar events resolution factors

B Binned likelihood fit is used for
final mass determination

-20

-40

T DO, 4.3 fb

|
150 160 170 180 190
m, (GeV)

Combined with other 1fb-"
dataset (total 5.3 fb")

m, = 174.0 + 2.4 (stat) + 1.4 (syst) GeV/c?
=174.0 £ 2.8 GeV/c?

Ocrober 23, 2012
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http://arxiv.org/abs/1201.5172

arXiv:1207.1069, accepted by Phys. Rev. D

Top Quark Mass Combination

Lepton+jets Run il CDF H@H 173.00 £ 0.65 £ 1.06 GeV
Lepton+jets Runll D@ HOH 17494 £ 0.83 £ 1.24 GeV
Lepton+jets Runl CDF — © =l 1761 + 51 * 53 GeV
Lepton+jets Runl D@ H——— 1801 £ 36 =39 GeV
Alljets Run Il CDF H-O1H 17247 £ 143 £ 1.40 GeV
Alljets Runl CDF = © —~ 186.0 % 10.0 * 5.7 GeV
Dileptons Run Il CDF ——o— 170.28 £ 1.95 % 3.13 GeV
Dileptons Runll D@ H—10—H 174.00 £ 236 + 1.44 GeV
Dileptons Runl CDF H © = 1674 £103 49 GeV
Dileptons Runl D@ B © H 1684 £ 123 % 3.6 GeV
E +jets Run Il CDF H-oH 172.32 £ 1.80 £ 1.82 GeV
Decay length Run Il CDF H © H 166.90 £ 9.00 * 2.82 GeV
Tevatron Combination 2012 HOH 173.18 £ 0.56 £ 0.75 GeV Uncertainty
X’ Idof=8.3/1 below 1%!
160 170 180 190

Mass of the Top Quark [GeV]
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http://arxiv.org/abs/1207.1069

w Forward-Backward Asymmetry (Agg)
0 Do tops have a preference to —— (A ——
travel along the proton or T
antiproton direction?

[0 Measure “asymmetry” in Ay
Ay — N(Ay > 0) — N(Ay < 0)
BTN (Ay > 0) + N(Ay < 0)

O Leading-order:
SM predicts no asymmetry

[0 Next-to-leading-order: small Ay =y — Yz
ositive asymmetr _ £ 50f W D@, 5.4 fb"
p y y AFB = 66% 32505 [If/fhjets
POWHEG: JHEP 0709, 126 (2007) ot MMl

EW Corrections: Phys. Rev. D 84, 093003 (2011) 150[
JHEP 1201, 063 (2012); arXiv:1201.3926 [hep-ph]

100

[0 BSM ideas: i
B Massive chiral color octets, RS -
gluon, W’, Z’, etc T ' sy’

Ocrober 23, 2012 PRD84, 112005 (2011) , arXiv:1107.4995 | 14



http://dx.doi.org/10.1103/PhysRevD.84.112005
http://arxiv.org/abs/1107.4995

CDF Conf. Note 10807, Also Amidei@TOP2012
(] [ )
Aqg in l+jets Channel o

CDF Run Il Preliminary L = 8.7 fb™

0 Measurement based on 8.7 fb™! of I
| + MET + >=4jets + btag events ST | Ao )
B 2498 events, bkg = 505 + 123 | —+=
O Full ttbar reconstruction T - -
B My, My, constraints, best y2 - %
0—2__+_1|5I1-0|50|0I5‘|I1‘52
Parton Level Ay
[0 Differential xsec in Ay _
CDF dil (5.1 fb™") °
B Unfolded to the parton level
B Integrated AFB: PorIGARY 1 B
<« Agg =18.7£3.7%
App(measured) = (16.2 +4.7)% CcoFrj@7HY) |  — (Amidei 12)
NLO QCD+EWK | re-

Ars (%)
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http://www-cdf.fnal.gov/physics/new/top/2012/LepJet_AFB_Winter2012_Update/
http://indico.cern.ch/getFile.py/access?contribId=33&sessionId=11&resId=0&materialId=slides&confId=180665

CDF Conf. Note 10807

Aqg: Ay & Pt (ttbar) Dependence

O Rapidity dependence

A, (1AY ) =

N(Ay )= N(=1Ay )
NUAy )+ N(= Ay )

B Line fit measures correlated

significance:
slope > 36 from 0 (2.4 ¢ from SM)

[0 Pt(ttbar) dependence

Due to color coherence

Noted first by a DO study
[PRD 84, 112005 (2011) ]

The “trend” is as expected
Data above predictions

O Other studies:

Lepton asymmetries, lepton-top asymmetry
ratio, etc

A. measurement at the LHC

r
<

Agg

-0.2F

-0.3%

CDF Run Il Preliminary L = 8.7 fb™

0.6

0.2

—— |[+Jets Data

| — NLO (QCD+EW) tt

0, = (30.6 = 8.6)x107
(Correlated Uncertainties)

0, = 10.3x107

P
1.8 2

el
1.6

Parton Level Ay

e L
1.2 1.4

-0.1 :—

—— CDF Data - Bkg, 9.4fb™
Powheg
Pythia

20 50 60 70
Top Pair PT (GeV/c)

1020 30
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http://arxiv.org/abs/1107.4995
http://www-cdf.fnal.gov/physics/new/top/2012/LepJet_AFB_Winter2012_Update/

—

Single Top Quark Production

b w

q
t
q , ¢
s-channel production t-channel production Associated Wt production
tb [pb] | tqb [pb] | tW [pb]
Tevatron _
- 1.04 2.26 0.3

Gl s |x4.4 [x28 [ =26 | PRD74, 114012 (2006)

LHC PRD 81, 054028 (2010)

[ Motivation: (7 TeV) 4.59 64.2 7.8 PRD 83, 091503 (2011)

B Direct measurement of CKM matrix element |V | (0.~ |V 1?)
B Sensitive to New Physics (FCNC, W’...) and CP violation
B Additional channel for top quark properties study

O Experimental challenge:

B Extract small signal out of a large background with large uncertainty

Ocrober 23, 2012 17



Observation by DO & CDF

Single Top Quark Cross Section August 2009

O Observed by CDF and DO in 2009 | cor icoonen 52 ¢ v 2,17 1058
CDF: PRL 101, 252001 GOF MErE A | 50 ‘28 pb

DO: PRL103, 092001 D8 Leponsis 231" 394 8ot

- 0.58
Tevatron Combination 2.76 X527 pb
1
Il B.W. Harris et al., PRD 66, 054024 (2002)
N. Kidonakis, PRD 74, 114012 (2006)
I

[T N R
0 2 4 6 8

o (pp — th+X, tqb+X) [pb]

My = 170 GeV

[0 Combination (arXiv:0908.2171) 2 37 Tevatron Preliminary, August 2008
B CDF: Four multivariate analyses in ézs IV, | =0.88+0.07
lepton+jets with 3.2fb-' data. g, TeCLimtoT
B CDF: MET+Jets with 2.1fb"' data %,
B DO: Three multivariate analysis in b
lepton+jets with 2.3fb-' data. o

U s [ opoa g L1 L1 e
b —%2 04 06 08 1
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http://arxiv.org/abs/0809.2581
http://link.aip.org/link?prl/103/092001
http://arxiv.org/abs/0908.2171

CDF Conf. Note 10793, PRD 84, 112001

Recent Analyses in Lepton+Jets

W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb!

| —

2011, DO) | B

=
O DO with 5.4 fb': 5ol o 23065 o
B three multivariate (M\VA) methodsto £ Assuming m,, = 172 GeVie"
. o« o 0
extract signal: Boosted dec1519n tree, ;éf’ %
neural network, neuro-evolution of T 4008 ~
augmented topologies 2 —
O CDF with 7.5 fb-": : %
W] ) ) - L 1 § | L L 1 1 1 L

B neural network discriminant == 4 5 =3

. . . . Single Top Quark C Secti [pb
B High quality, high P; isolated track: ingle Top Quark Cross Section o, [pb]

~15% gain in single top acceptance "?, 5g_(b) DD, 5.4fb™
[0 Measured cross section: 5 4
B o, =3.43 +0.73-0.74 pb (DO) g 3 g‘;;ogf
m oG, =3.04+0.57-0.53 pb (CDF) v o el
O Limitson|V,| 2 4
B |V, >0.79 at 95% CL (DO) e E
B [V,|>0.79 at 95% CL (CDF) b 0203 06 08 1

|2

IV
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http://www-cdf.fnal.gov/physics/new/top/2012/SingleTopPublic/
http://dx.doi.org/10.1103/PhysRevD.84.112001

CDF Conf. Note 10793, PRD 84, 112001 (2011, DO)
Simultaneous o,-0, Measurements

New physics may affect s- and t-channels differently
Remove the s/t channel constraint

WaJets, NN Discriminant CDF Il Preliminary 7.5 fb™

®

D@ 5.4 fb ™"

9 5_ ® CDF Data '-§_
P W 68.3% CL c 68% C.L.
S 4 95.5% CL ) = 90% C.L.
2 - 99.7% CL 9 N 95% C.L.
n Il SM(NNNLO) )
w 3 »
7] »n
o I e
O - (3]
5 °f T
C - c
C - c
E 1L g @® Measurement
! o m sm"
+— o [1] PRD 74: 114012, 2006 .2
I | | | | - [2] EPJ C4?: 791, 2007 ¢ Four genelgltlons
I R S S E— . T2 PAL 9e: 191802, 2007 8 Top-flavor
s-channel Cross Section [pb] ... I
0 ; i
[0 CDF: 0 DO: s-channel cross section [pb]
B o, -1.81+0.63-0.58 pb (+-33%) B 0,-0.984+0.63pb
B o, = 1.49+0.47-0.42 pb B G, =2.90 +0.59 pb (+-20%)

[0 SM prediction:
B o.=1.04+0.04pb
B 0,=2.26+0.12 pb 20
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http://www-cdf.fnal.gov/physics/new/top/2012/SingleTopPublic/
http://dx.doi.org/10.1103/PhysRevD.84.112001

QCD Physcis
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Jet Production at the Tevatron

deet — PDFs

ZaZb fa/p(xp1M|2:) fb/ﬁ(xﬁiulzz)

® cAya,b(xp’ Xﬁ’as’ué)

Hard Scatter

underlying
event

fragmentation

» Test pQCD

» Based on pQCD: extract PDFs
and a,. Study/test matrix
element calculations.

N jet
[0 Underlying event makes the
measurement complicated

B Good place to study nature of
underlying event

Ocrober 23, 2012 22



—— 10"
© 107 —— CDF data (1.13fb ) >10"F D@ Run Il . gl:ol-ﬂi (3382)( .
QO > 100 : . g_ 106 o 4<|y|<0.8 (X
= 8 10 [ ] systematic uncertainty '8_ . 08<lyl<1.2 (x8)
S 10E . NLO pQCD g 104 0 1.2<]y|<1.6 (x4)
= ."_._ ©
S b T Midpoint: R=0.7,f _ =075 o 10 s+ 1.6<ly|<2.0 (x2)
Llg 100 -, .- g O 40° A 2.0<|y|<2.4
p o] > r "'-l—_._ - Nb 5
T 10 . T T © 10
B e el 10
10° ., - — ly]<0.1 (x10")
B e T . TENs=1.96 Tev
07 e Trmel T Mierean) 10" L =0.70 fb
10%E T i 0.7<]y|<1.1 102E Rgone = 0.7
:: =ﬁ==q= —p— 10_3 -
10" === 1.1<|y|<1.6 (x107) NLO pQCD _
— — 10 g +nhon-perturbative corrections
A4 1.6<|y|<2.1 (x10°
10 I A |I|y|\ ! |{T\ |)| Lo v i bl 10-5 CTEQGSM u’ _u _p
0 100 200 300 400 S00 600 700 \

-6 | 1 1 | 1
10" 5060 100 200 300 400 600

PRD 78, 052006 (2008)  (GeV/c)

PRL 101, 062001 (2008) Pt (GeV/c)
PRD 85. 052006 (2012)

O Test pQCD over 8 order of magnitude in do?/dp.dy
O Highest pet > 600 GeV/c
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http://arxiv.org/abs/arXiv:0807.2204
http://arxiv.org/abs/arXiv:0807.2204
http://arxiv.org/abs/0802.2400
http://arxiv.org/abs/0802.2400
http://arxiv.org/abs/0802.2400
http://arxiv.org/abs/1110.3771
http://arxiv.org/abs/1110.3771

Inclusive Jet Cross Section

O Both CDF and DO measurements are
in agreement with NLO predictions

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

[0 Experimental uncertainties:
smaller than PDF uncertainties

35 o
i :“rm,______ 0.7<|y|<1.1
250 osflw—
2t

T

50 100 150 Z00
150 ’A‘H/_,_,_,—'_Ii
1 -------- L1 LIS “.47

L PNV SN T AT T N T T T T T T N T |
0 100 200 300 400 500 600 70O
Py (GeVic)

ED@ Run |1
1.50 L=0.70 b

:_ L X )

- - CTEQ6.5M PDFs f“ L
- |yl < 0.4 ]

\\\\\\\\\\\\\\\\\\\\\_

5 3&* NLO scale uncertainty

—-——
- W

-
C = .. ..... _:

.'. .-.‘... r.r ,'
¥

¢

F 1.2<|y[<1.6 §

50 100 200 300
P

—=—— CDF Data (1.13 fb'1)/ NL(DGeV)
——— PDF Uncertainty

+ MRST 2004 / CTEQ6.1M

[ 1 Systematic uncertainty
B Including hadronization and UE

Midpoint: R=0.7, f__..=0.75

roomerge
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PDF with Tevatron Run Il Jet Data

MSTWO8: arXiv:0901.0002, Euro. Phys. J. C  CT09: Phys.Rev.D80:014019,2009.

Gluon distribution at Q? = 10 GeV? | gatQ = 85 GeV

1.5 I)'
= Blue: CTEQ®G.6
- MSTW 2008 NLO (90% C.L.

14 (0% C.L) 1.4+ Green: CTO9 f
= % MRST 2004 NLO Red: MSTW'08 NLO

1.3
= S== CTEQ6.6 NLO
S f’ .

12 450::??;::2:;.., Peteteteetetotete! 12

1B R IR

AE R ol

s LA
77 R AR HKRRH LKA RAILKEE,
T T R R IR GREKILLIKIIKLE,
e T o SR KRR RIS \\
T T T Z I AAARTRAIAKIHIH AKX ARH AKX AIR I RITHXR I XL \\\

1

Ratio to MSTW 2008 NLO
Ratio toa CTEQE.6

0.9
= AN
°3E 08
07F |
osE W.r.t. MSTW 2008 "
o5t . e W.rt. CTEQ6.6
> o o2 0408 080T ;’8 10510~ 10  0.010.020.05 0.1 0.2

[0 Tevatron Run Il data lead to softer high-x gluons (more consistent
with DIS data than Run I) and help reducing uncertainties
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PRD 79, 112002 (CDF), PRL 103, 191803 (D0)

jet Mass & Angular Distributions

W

N
[

Data / Theory

1.5

0.5

©
—

Midpoint, R=0.7, |y
—=s—— Data/ NLO (CTEQS6.1M, p=p7**"(jet1,2)i2=p, R, =1.3)

]

AL, - 113 0

Systematic uncertainties

PDF uncertainty from CTEQ
o(MRST2004) / o(CTEQSE.1M)
o(2 x py) / oluy)

ofwithout R} / 6(R,,.=1.3)

sap

CDF Run II Preliminary

16 % luminosity uncertainty not included

1/6 e dO/AY et

200

400

600 800

1000

1200 1409
Mii [GeV/ic]

Data well described by pQCD .
No significant indication of new physics

L 0.15<M/TeV<O3

—— DO 0.7f0"
—— Standard Model

--- Quark Compositeness
A=22TeV (n=+1)

T ADD LED (GRW)
= + M, = 1.4 TeV

i --- TevV'ED

F - 03<MyTeV<04 M, = 1.3 TeV

- v
WW—
- + -

F 04<MyTeV<05 |- 05<MyTeV<06
L - i TR o - “ +

0.6 <M/TeV <0.7 0.7 <MyTeV <08,
wﬁ;,_é

g 08 <MyTeV <0.9. : OQtM/TeV<1O

+O<M/TeV<11

1
S,
~

'I[lllllllll
5

10 5 5 10 15
xduet exp(|y1 y2|)
e

Ocrober 23, 2012

Ldijet

:1+COSGZ—COSG* @LO 2


http://arxiv.org/abs/arXiv:0812.4036
http://arxiv.org/abs/0906.4819

Three Jet Cross Section (Ratio)

PLB 704, 434 (2011), arXiv:1209.1140

5

10
® |y|<2.4 (x4) ® p.,>40GeV (x4)
Test QCD at O(GS3) = 10t DG my<16 O pra>70GeV (x2)
Decorrelate a. and SRTE N g oS
_ S 8 o Prs > 40 GeV ly| < 2.4
PDFs in 03_J-et/ Oy.jet 5
: S 10
ratio 5 " )
-85' 10 & Vs =1.96 TeV — NLO pQCD ' .
] L-071b" plus non-perturbative corrections
T T R T oAt i s ol
0.4 05 0.6 08 1012 15 04 05 06 08 1012 1.5
. M. . (TeV M. . (TeV
Data well described gt (TEV) et (TEV)
by pQCD r —_ - NLO pQCD + non-pert.
_ 015 |- - D@ preliminary |- —"\istivzo0enio
& I L,=07f" |[ === CT10
= i PRI NNPDF v2.1
5 01 F - - - -.- ABKMO9NLO
& ] - allfor a(M;) =0.118
i My = Hs = Pr max B B "3
S 0.05 N N
o L L
Prmin = 20 GeV | Prmin = 70 GeV|[ Prmin = 90 GeV
0 1 1 i | I I i 1 L 1 L | T R i 1 | | I B
100 200 300 500 100 200 300 500 100 200 300 500
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5* Angular Correlations of Jets

O Observable: Ry,

average number of
neighboring jets for jets

Average number of neighboring
jets within AR to an inclusive jet

-1
i i 1 10 E DG L=o07®'|F © 4 22<AR<26
from lan inclusive jets W“w 5 Cl e
BE - i
[0 It depends on three = 0 /N 3 -
variables Z; - MSTW2008 PDFs || f / f
: : 3 D’:Cg i _r:mpeNr%Sb?%gr[r)eZt._ Vs = 1.96 TeV | I
B inclusive jet p; 03 | el | i
B distance AR to neighbor | Zmw 0| S POV 700N TP - 00
jet _in (A(P, Ay) 50 100 200 40050 100 200 piO(()GS;)V)mO 200 400 50 100 200 400
M neighbor jet p;"r .
requirement [0 Uncertainties 2-5%!
[0 Sensitive to strong coupling O Dependence of Ry; on (pr, AR,
constant p"tr i) described by pQCD
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E* Running of Strong Coupling Constant

-

O Extract a, from Ry

measurement L (a) DO R, (this analysis)
C p_l_nbrmin >= 50, 70, 90 GeV 0.14 X
B At each p;, combine all . +
data points with different & 5 1o[
anbrmin and AR %” L
requirements ® 01l DO
B o (M) =0.1191 19 000
O as(pr) measurement up to 400 0.08 [ (D@ combined fit to R, data)
GeV! ~ 014F ) .
0 as(pt) decreases with prtas = 0.12 b—LL*—*—?—# it ;) o +
predicted by the RGE 3 o4bE

50 100 200 400
pr (GeV)
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Running of Strong Coupling Constant

-

O Extract a, from Ry
measurement

| anbr

min

anbrmin and AR
requirements

GeV!

0 as(pt) decreases with prtas
predicted by the RGE

>= 50, 70, 90 GeV

B At each p;, combine all
data points with different

as(pt) measurement up to 400

0.08
— 0.14

?a 0.12
S 0.1

- (a) ® D@ R,y (this analysis)
O D@ incl. jets
A ALEPH evt. shp.

A4

- DO
i +0.0048

| B 0g(My) =0.1191 25 5571
— (DD combined fit to R, data)

LW

50 100 200
Q (GeV)

400
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Running of Strong Coupling Constant

-

[0 Extract a; from R
s AR (Q) from jet and event shape data

measurement s —
_ 12 = AR
N anbrmin >= 50, 70, 90 Gev - u DO inCLjetS
B At each p;, combine all 11 "¢ ALEPH evt. shapes
data points with different 10 = JADE evt. shapes
nbr - A ZEUS incl. jets
.and AR = -
PT" min G 9 Y H1 incljets
requirements 0 i
5 E
=~ 8 [
O as(pt) measurement up to 400 7
O as(pr) decreases with pras - | % ) Rgf:gzw 0007
. (04 = V. T V.
pred]Cted by the RGE : | II | | ls l IZl Ill l | | | (|
10 20 50 100 200 500
Q (GeV)

Consistent with other results from jet and event shape data
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W+Jets/HF Production

O Fundamental test of pQCD, at high
momentum scales.

O W-+jets are critical for physics at
the Tevatron and LHC: top, Higgs,
SUSY, and other BSM
B Large theory uncertainties

(30%-40%) on W+HF production
limits our physics potentials

W+b+X
oW +0b)-B(W — pr) =

1.04 £ 0.05 (stat.) 4= 0.12 (syst.) pb.

Theory (MCFM):

1.347035 (scale) £ 0.06(PDF) 002 (ms)pb

Sharpa: 1.21, Madgraph5: 1.52 (pb)
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- w, e | WHjELS | 3
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107 ‘ d “4
108
1 O_g Reone=0.5, pf'>20 GeV, |y*[<3.2
pe>15 GeV, |nf<1.1, m!'>40 G[eV,pT>20 GeV
x 1 1 1 1 1 1 1 1 1
20 30 40 102 2x10?
n'" jet p, (GeV)
§ ::Z E_- DD, 421" -+ RocketsMCFM NLO  wwn Blackhat+Sherpa NLO _;
% 14 B n =\/M3w71(2#°‘)2 w=1H 3]
© 2F 3
| {
0.8 £ i 3
5 E- E
0.4 f_W(I—> ev)+3jet+|X | . . C)I 3
20 40 60 80 100 120
Third jet P, (GeV) (njets>=3)
§ 3 E— ® DY, 42" i+ RocketsMCFM LO Blaékhat+$her'pa LO —g
% 25 n=\ME e mpy? w=1H E
2E 3
. NLO wanted!
1 é i .......... s E
g2 E_W(a ev)+djet+X d) 3
010 20 30 40 50 60 70 80

Fourth jet P, (GeV) (njets>=4)


http://www-d0.fnal.gov/Run2Physics/WWW/results/final/QCD/Q11C
http://arxiv.org/abs/1207.4957

Z+Jets

Motivation: =

O Fundamental test of pQCD, at §
high momentum scales. =

O Background for rare SM processes f
(top, diboson) and BSM searches '—1‘\5—

T

Measurement:

O Full dataset 9.6 fb1. Z—ll, =€, p.

Theory for comparisons:

O MCFM&BLACKHAT+SHERPA: NLO pQCD

O ALPGEN+PYTHIA: Matched LO-ME+PS %

O POWHEP+PYTHIA: Merged NLO+PS o)

OO LOOPSIM+MCFM: Approximate nNLO 3

O arXiv:1103.0914: NLO QCD+NLO EW §

(EW corr. important at high py)

10°

10?

10

CDF Run Il Preliminary

—e— CDF Data L= 9.64fb”"
[:] Systematic uncertainties
. —&— ANLO LOOPSIM+MCFM

—a—

Nt MSTW2008NNLO PDF

R . Corrected to hadrgn level
—-- n =3P =3 @ P+ PL+ P
——
——
——
I =]
Ziy*(— I'T) + >1 jet 1% leading —_— N,

I=e,u; ' <1.0; p'T > 25 GeV/c?
P > 30 GeV/c, [Y*|<2.1
’

1 lllllll 1 1 | B |

[T I T Illlllll T llllllll T IIIIHII T llllllll T Illlllll

- — nomerm 4-6% scale uncertainty

— NANLO LOOPSIM+MCFM

: 1 I 1 1 1 1 1 I 1 1 1
30 40 50 100 200 300

pt' [GeVic]
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Z+Jets

CDF Run Il Preliminary

N

Motivation:

g ;_ —— ALPGEN+PYTHIA
O Fundamental test of pQCD, at S S il
high momentum scales. R e
[0 Background for rare SM processes . e S
(top, diboson) and BSM searches 2" — POWHEGHPYTHIA
- Tune Perugia 2011
1.5
Measurement: )=
O Full dataset 9.6 fb''. Z—ll, l=e, p. = g
E — NLO BLACKHAT+SHERPA
1.5 :_ —— LO SHERPA (no shower)
Theory for comparisons: 1 ekl
I— Y S
O MCFM&BLACKHAT+SHERPA: NLO pQCD = o
O  ALPGEN+PYTHIA: Matched LO-ME+PS JE— —
O POWHEP+PYTHIA: Merged NLO+PS 1.5F — noaco NLO EW corr ~ 5% @ high Pr
O LOOPSIM+MCFM: Approximate nNLO 15 -
O arXiv:1103..O914: NLO QC.D+NLO EW 3 .I 3 |'| n— —t—
(EW corr. important at high py) 30 40 50 100 200 300

pt' [GeVic]
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Z+Jets

CDF Run Il Preliminary

> ==
— £
o) —e— CDF Data L= 9.64fb" o ~ —— ALPGEN+PYTHIA
= 10 2 .
—_— E |:| Systematic uncertainties '-S : Matched o Tune P2011
2 [ —— —o— NLO BLACKHAT+SHERPA S 21— iAgep - o variations
z r - N
© MSTW2008NLO PDF © -
10° E o L
- Corrected to hadron level 1 = s e Z .
I g | o« P . 4
r u =3 R =3 0 + E) B
= | | | | plbdatdobdebdobad 1
10° C
E 2— — POWHEG+PYTHIA
C ——— -
- —o—— B Tune Perugia 2011
10 1.5 in=2mn=p/2
= Z/y*(— I'T) + >N jets inclusive e 00
T I=e,u < 1.0;p. > 25 GeVic? —— 1 - +
15 Pk 230 GeVic, Y| <2.1 N </
E i | | | | I ! L ! |
E 2.5 L
I [ —— NLO BLACKHAT+SHERPA L —— ANLO LOOPSIM+MCFM
X :_ —— LO SHERPA (no shower I —— NLO MCFM
o 2 ‘ ’ 1.2 .
j & =200 =p/2 (NLO) FoloiH=2u =2
om 1.5+ |
~ B %
s C 1 | iiiiidiiiid
© 1 B
o E i
C | | | | | |
4 1 2 3 4
ZNjets 2Njets

O Blackhat+Sherpa NLO for Z+3jets!
O LOOPSIM+MCFM scale variation lower than experimental uncertainty
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CDF Conf. Note 10594, CDF Conf. Note 10818

Z/y+HF Production

/ Z % E CDF y+jets data, L=9.1 fb™
b 7 / Z 7/ % 1 -5; ] —8— +bX . -
a ;-ﬁg [ Systematic uncertainty
S TITTVLT NLO (St , Owe
— = 0 1 ?ﬁ?ﬁ; (Stavreva ns)

» E T PYTHIA
: PYTHIA, mstj(42)=4, mstj(44)=3

Eifitifire

£
_, doldE
¢
%

02t Hurnfinee

Motivation S

-------------

[0 Sensitive to HF-content of proton . -_
D Bkgd for many BSMS [ . , | 5.".".“.“.“."."I.“.“.".".".“.“.".'.'.".“.“.'I'.".".”.“.".".".“.“.".".'

—

Qo
[
T

14
CDF Run Il Preliminary EI. (GGV)
= L E‘ 2 2 2
o — . . —— NLO MCFM Q°=M Syst. unc. o
% i Ziy (= I' )42 1 b-jet =] []Q=2Q,;Q=0.5 ofp” =1 POF urc COF Run Il Preliminary
107 o — T r r r
& 10 E 2 3.5 Fd= v+biX 3
a "g i 3 Scale uncertainty E
E o “#:—+__ S e O 25 f_ E
koA 1~ o = E 3
3 i £ 2f 3
N -
o 5| —— 3 3
° 0 g 1.5}
. 1k
N —_— o
£ —— NLOMCFM Q*=M2+p? [] Q=20Q,;Q=05 9 05¢
***** NLO MCFM Q?<0.5 F2 NLO MCFM Q=p7 0E 3

10%

Data/Theory
N
|

+ 35}
l L 3 3 Maodified PYTHIA/PYTHIA

F —4— CDF Data- 9.13 fb’' o E
Systematic uncertaintes | Q| I [ I :
[ —— NLO MCFM Q*=M3+p?,, 1 e e e ., z 25 E
MSTW 2008 NLO PDF — & 2f _é_,_+_ E
- . Correclted to hladron Ilevel b w e ] . "g 15E + ’ 3
20 30 40 50 60 70 .gO 100 20 30 40 50 60 7080 100 a 1 "
pr' [GeVic] p [GeV/c] 05F

/7 TS0 100 150 200 250 300
Ocrober 23, 2012 Higher order effects? Gluon splitting? Intrinsic HF? =



http://www-cdf.fnal.gov/physics/new/qcd/abstracts/zbjet2012.html
http://www-cdf.fnal.gov/physics/new/qcd/abstracts/photon_HF.html

http://www-cdf.fnal.gov/physics/new/qcd/ue escan/escan/index.html

Energy Scan and Underlying Event (UE)

2n

Away Region

OO0 Just before the shutdown, Tevatron PImax Direction
delivered small amount (a few 10 M
of events) of data at 300 & 900 GeV

[0 Transverse region sensitive to UE

Transverse
Region

() Leading
“Transverse” “Transverse” : Jet
“Transverse" Charged Particle Density: dN/dnd¢| S ovard Region :
09 CODF Preliminary Transverse

-‘E Corrected Data 1.96 TeV T T Region

é Tune Z1 Generator Level e I I

‘g 0.6 ; Away Region

g t 900 Gev 0 e— 4

s Transverse plane n

g 300 GeV PYTHIA Tune Z1 n_(l) Plane

i o | | Chargo'd Particles (.||\|<1.0. m>?.5 GeVic) Trahsverse” Charged Densityl

0 5 10 15 20 25 30 35 07 o
prmax (Govi |
‘03 0.6 ‘Tune Z1 Generator Level
Measurements will allow for gos [ neng
[0 Deeper understanding of MPI g os e
. : : g 0.3 5.0 < PTmax < 6.0 GeVic
D MO re preC]Se pred]Ctlon to v Charged Particles (jn|<1.0, PT>0.5 GeVic)
projections to next LHC energies 02 & Sk ¢ tr e h
0.1 1.0 10.0

Center-of-Mass Energy (TeV)
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http://www-cdf.fnal.gov/physics/new/qcd/ue_escan/escan/index.html
http://www-cdf.fnal.gov/physics/new/qcd/ue_escan/escan/index.html
http://www-cdf.fnal.gov/physics/new/qcd/ue_escan/escan/index.html
http://www-cdf.fnal.gov/physics/new/qcd/ue_escan/escan/index.html

Summary

Tremendous effort has been made to advance understanding of top
quark and QCD at the Tevatron

Data taking ended last fall, but still analyses with full dataset are on-
going

Many areas of studies are competitive and complimentary to results
from the LHC

Ttbar x-section, top quark mass are measured to 5%, 1% accuracy. AFB
is rather unique at the Tevatron.

Tevatron QCD measurements provide important inputs/feedback for
PDF determination, QCD modeling, and MC tuning

O 0O 0O 0O

More results on top and QCD physics from Tevatron can be found on:
O http://www-cdf.fnal.gov/physics/new/top/top.html

O http://www-dO.fnal.gov/Run2Physics/top/

O http://www-cdf.fnal.gov/physics/new/qcd/QCD.html

O http://www-dO.fnal.gov/Run2Physics/qcd/
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Spin Correlation

0 Top pairs are produced with a definite spin state depending on
production mechanism:

B Quark-Antiquark Annihilation (~85%): Spin 1
B Gluon Fusion (~15%): Spin O

[0 Top decays before hadronization (only known quark to do so!)

B Spin information passed to decay products - the correlated spins can be
measured from decay product angular distributions

O Correlation strength (frame dependent!) is defined as:
4= Nt Ny — Ny — Ny
Ntt + Ny + Ny + Nyp
O Theory prediction: A7 = 0.78+0-03

(Nucl. Phys. B 690, 81(2004))
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w Spin Correlation

PRL 108, 032004 (2012)

[0 New matrix element approach
B Significantly increased

sensitivity

B Likelihood fit based on
probabilities that events 100-
are signal events and do -
(or do not) contain SM spin

) 60
correlation ]

40

{ —— Data
| — tt SM spin corr.
J, e tt no spin corr.

| I Multijet

0 3 sigma evidence for spin
correlations!

A = 0.66 £+ 0.23(stat.Psyst.)

20

DY, L=5.3 fb™

B measured tt
Bl Other
W+jets
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epton+Jets from 5.4 fb-1: DO

Use three multivariate (MVA) methods
to extract signal:

B Boosted decision tree, neural network,

neuro-evolution of augmented
topologies
Six analysis channels:
2, 3 or 4 jets with 1 or 2 b-tags
Cross section measured using Bayesian
approach

B Posterior density peak for x-section,
with 68% interval as uncertainty.

Since o, « |V |?%, directly measure
|V, | from o, posterior

B Assuming |Vyl%+ |V |2 < |V |2

B Pure V-A and CP conserving W,, vertex

20.6- (c) D@, 5.4 fb™
7,) E
c 05_ i Gexpected
) - +0.7
©0.4- /\ = 3.49 57/ pb
© - : Gobserved
= 0.3 : A=
) : : |\=3.43"""pb
qg 0.25_ -0.74
a 0.1 |

q)” 1 2 3 '4 5 6 78

tb+tqb cross section [pb]

2 ) DO, 5.4 fb"
c 4
S . |V |>0.79
-S 3:* tb )
.g 2:_ @ 95% C.L.
L
S 1
(a 5

02 04 06 0.8 1
IthIZ
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CDF Conf. Note 10793 —

Lepton+Jets from 7.5 fb-': CDF

W+Jets, NN Discriminant CDF Il Preliminary 7.5 b

[0 Use a neural network discriminant g 1
O Add new lepton category: ISOTRK S oot e P e
B High quality, high PT isolated :
track: ~15% gain in single top % 0,005
acceptance 3
O POWHEP for signal modeling SNy W

Single Top Quark Cross Section c_, [pb]

W+Jets, NN Discriminant CDF Il Preliminary 7.5 b’
0.01p

0 Assuming mtop = 172.5 Gev/c?,
B Measured cross section:
O.. = 3.04 +0.57-0.53 pb
B From the cross section posterior
set limit: |V, | > 0.78 at 95% CL

B Extracted |V,,| =0.92 +0.10-0.08 gt
(stat.+sys.) + 0.05(theory) 0aT0s0e 0 e e

IV, | >0.78 (95% C.L.)

o <o
o o
o o
o 3]

o
o
B
T 717

Posterior Probability Density
S
\S}
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Jet Production and Measuremnt

Calorimeter-level jets
——r
(l Yy L |
p— 1 | B
| Hadronic showers — | ! 1Q
\ | .
\
- . EM shO\I/\férs -
= R\: ‘ = Unfold measurements to
\ ' ] the hadron (particle) level
\‘ |‘||: \ :’I d
- V1 V7 1
Hadron-level jets I

1/

Y
\ Hadronization

Correct parton-level theory
for non-perturbative effects

(hadronization & underlying event)

Underlying event
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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 1@
(as suggested in Run |l 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.
O SISCone, Cambridge-Aachen, Anti-Kt, etc.

O Extensively studied in LHC experiments. Will benefit future studies.
Ocrober 23, 2012 46




Jet “Definitions” - Jet Algorithms

®

Midpoint cone-based algorithm Infrared unsafety:
. . soft parton emission changes jet clustering
[0 Cluster objects based on their

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.

0 In recent 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%
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Jet “Definitions” - Jet Algorithms

®

Midpoint cone-based algorithm Infrared unsafety:
. . soft parton emission changes jet clustering
[0 Cluster objects based on their

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.

0 In recent 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

kr_algorithm
B Cluster objects in order of increasing their
relative transverse momentum (k)

. AR’
[ d;= p'zl',i’ dij = min (p%i’p%j D2
until all objects become part of jets
B D parameter controls merging termination and

characterizes size of resulting jets

______

/
K; jet Cone jet

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

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

B Successful at LEP & HERA, but relatively new at the hadron colliders
[0 More difficult environment (underlying event, multiple pp interactions...)

Ocrober 23, 2012 49



—

Jet Production at the Tevatron

proton / ‘]Et

antiproton

fractional contributions

0 Test pQCD at highest Q2.
[0 Unique sensitivity to new physics

B Compositeness, new massive
particles, extra dimensions, ...

[0 Constrain PDFs (especially gluons
at high-x)
[0 Measure a

0.1 0.2 0.4

- gg — jets
L |

™| T
inclusive jets: Tevatron Run Il
ly|<0.4

qq — jets |

gq — jets

Fractional Uncertainty

0.8
0.6
0.4

0.2

-0.2
-0.4

0.6 | \ | |
0 01 0.2 0.3 04 0.5 0.6 0.7 0.8

100 200 400
p (GeV)

f_ - gluon

|:| u+d quarks

- CTEQ6.6

Q=100 GeV/c

X = p(parton) / p(proton)
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1o 100 . COFdata(113f ) > 10'E D@ Run I * <04 (x32)
-g % 10”; [ ] systematic uncertainty % 10° C.) ggzlylz?g Ei;)G)
o b ——=— NLO pQCD £ 10° 19 ¢ 16 (x4
LA (= Z 1o 0 1.2<|y|<1.6 (x4)
o] & aetf . TTe. Mpont 076, 7075 5 5 . lﬁgimiiﬂ -
© >- :: **"'-.- +—"—_._ (\lb 2
© 10 - +++_=_ +=ﬁ= © 10
= e T —— 10
1021 . — ly]<0.1 (x10°)
B e T . TENs=1.96 Tev
e ., T T 0-1<ly1<0.7 (x10) 10"E L = 0.70 fo"
108 il i-*** R 0.7?;:1.1 107 Recone = 0.7
il e - -3
10" == 1.1<|y]<1.6 (x107) 10 —NLO pQCD .
= — B 10 g +nhon-perturbative corrections
10-14 ::r I B |1.|67||y|.\:2|.1| {T1\0| )| Lovoen b b | 10-5 CTEQ6.5M LLR = uF = pT
0 100 200 300 400 500 600 700 I TR . N
/ 50 60 100 200 300 400 600
Phys. Rev. D 78, 052006 (2008
Y (2008) - py (GeV C)Phys. Rev. Lett. 101, 062001 (2008) P (GeV/c)
O Test pQCD over 8 order of O Jet energy scale (JES) is dominant
magnitude in do?/dp.dy uncertainty: CDF (2-3%), DO (1-2%)
O Highest pet > 600 GeV/c O 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 Phys. Rev. D 75, 092006 (2007)
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From Particle to Parton Level

n 1.5-
use models to study effects .5 - Parton to Hadron Level Corrections
of non-perturbative processes 3 14
(PYTHIA, HERWIG) R T | S S Underlying event
e hadronization correction O E Br e Hadronization
e underlying event correction 1'25_ Uncertainty
1.1
CDF study for cone R=0.7 1;
for central jet cross section L
oof
- CDF Run Il Preliminary
0.8
ST A P N S R
075 100 200 300 400 500 600
P; (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
53
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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.

o ratio (SIS/MP)

0.93__' -IJ' .......................................... Midpoint: R =.0-'7, fmcrgc:t}'TS
0-94_ .......... ...................... .................... Hadron-lcvd CO]"[’QCﬁﬂn (MP N SIS}
0 200 400 600

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 ............ ............................................................ ..............................................................................
B lyl<0.1 B 0.1<|y|<0.7
0-99 ........ -r'-'-'-'-'_._'_._._.i ..........................................................
o
E 101 ......................... T
2 <|y|<
e | . oW VWIS
2 ;
= i
E 0_99 ________ _rr'-'-'_'__.— ..............................................................................
© i
) 200 400 600
p_ (GeVic)
1.01
1
i Midpoint: R =0.7, fnmge:ﬂ.’?S
0.99
Parton-level Correction (MP — SIS)
0 200 400 600

Differences < 1% — negligible effects on data-NLO comparisons
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Ratio to MSTW 2008 NLO

PDF with Tevatron Run |l Jet Data

MSTWO08: arXiv:0901.0002, Euro. Phys. J. C CTO09: Phys.Rev.D80:014019,20009.

- - - 2 - 4 2 -
Gluon distribution at Q“ = 10® GeV gatQ =B85 GeV
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O

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

0 MSTWOS8 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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w PRD 80, 111107 (2009) =
[ ]
Strong Coupling Constant U

PN [ -l fom Do o sectr
0.2 > o H1
—~ i A ZEUS
& < 015 e
antiproton \ ‘jet 503 .
Gjee = (D 0IC,) ® fi(a,) ® f(ar,) 0.1~ B omy)=0.1161 ‘5500
n - (D@ combinedfity
From 22 (out of 110) inclusive jet cross ; g:g; Logsd a4
section data points at 50 < py < 145 * = 5T TR AT
GeV/c R —
10 10
: p; (GeV)
- NLO + 2-loop threshold corrections
: +0.0041
MSTW2008NNLO PDFs a,(M,)=0.1161"22:
- Extend HERA results to high p; 3.5-4.1% precision

Ocrober 23, 2012 58


http://arxiv.org/abs/0911.2710

