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TEVATRON & DO EXPERIMENT
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» Peak luminosity
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» Delivered luminosity > 10 fb~"
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JET PRODUCTION

Jet

Underlying
> Event

- Har;:lh +——— Fragmentation

Parton /

Density
Jet

» has highest cross section at hadron colliders =
» unique sensitivity to new physics - new particles, quark
compositeness, extra dimensions
» test of perturbative QCD: 2-,3- jet jet cross sections
available at NLO oo o1 es .
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COMPARING DATA AND PREDICTIONS
P “parton jet” . “particle jert”

“calorimerter jer

Time

» NLO pQCD prediction calculated in fastNLO/NLOJET++
» Compare at "particle” level:

» The same jet algorithm for theory and data

» correct data for exp. effects (efficiencies, resolutions, .
calculated using parameterized detector simulation

)
» correct pQCD calculation for nonperturbative effects
(hadronization, underlying event)

=
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jet

proton

Real dijet event display:

Run 174236 Event 9566856

ij=(E1+E2)2- (pl+p2)?

antiproton

» Dijet invariant mass,
angular variables - x, A¢

> o o o - PDF?

Max: 398

x=exp(|yl-y2|)

mE_t:208
phi_t: 295 deg
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DIJET INVARIANT MASS CROSS SECTION
Phys. Lett. B 693 (2010) 531

He=Hg= (P +P;,) /2

—qn15¢
> 0.7fb" Eﬁﬂ)wiDﬁ,L:o.Hb" 20 <M, <24 (610)
10°E(S=1.96TeV  o1oep(™ < 1oci0’
. E = R ol2<ly| <1.6(x10%)
» first measurement of the 310"3 Regne = 0.7 .0_8<,§|:::<1_2(§102)
y dependence of the X r 2o < Wl <0860
dijet mass spectrum ;E109§:
: i T, 107F
» 6 bins of rapidities of the =
most forward jet | y¥|max % 10°F
& L af
» NLO pQCD = © 10
MSTW2008 PDF 10 -NLOpacD
- +non-perturbative
10-1;— corrections

Lo b Lo b b b n Ly

3E
10 02040608 1 1214
M,, [TeV]
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COMPARISON WITH PQCD

E‘% Iyl <0-4 F 04 <|y|, <08 Fos<lyl <12
= 18 3 =
3 :
A o E
a 2| E
” - Js=1.96 TeV 3
oat DG, L=07fb F R.,.=07 Pu =u = (p_r1 + p_m)lz
02 . b RO R e G e
29 E T
3 1 2< |y\mﬂ 6_:_ 1.6<|yl . <20 F20<|y| ., <24
18 3
18] e E :
14 e . .
03| E - -
06/ o pataNLO —— up, variaton 3 : ;
g; — Syshematlc Urceria\nty — MSTWEUUB Uncertalnty 3 :_'_:_'_: CTEOB 6 w/ Uncerta\nty
02040.603 1 1214 02040503 1 1214 02040603 1 1.214
M, [Tev]

» MSTW2008 uses Runll inclusive jet data in PDF fits
» Good agreement within uncertainties
» 40 — 60% difference between MSTW2008 and CTEQ6.6
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THREE-JET SYSTEM

antiproton

» More complex system =
more variables

» Three-jet invariant mass,
Dalitz variables, angular
variables, jet masses

> crocozg-PDF2

Real three-jet event display:

Run 204698 Evt 48041857
Triggers:
1MET Hem
IcD
NG
MW HaD

Bins: 154
Mean: 4.29
Rms: 19.6
Min: 0.0102
Max: 147
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THREE-JET INVARIANT MASS MEASUREMENT

» 0.7fb~" dataset

» at least 3 jets, plst > 150 GeV, p3rd > 40 GeV

» all three jets separated by AR > 1.4 = 2 - R (avoid
overlap region between jets, IR sensitive regions)

» in 3 different rapidity intervals (|y| < 0.8,1.6,2.4 for all 3
jets)

» for different py requirements on the pr of the 3™ jet
(ly] <2.4 and p3r4 > 40,70, 100 GeV)
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THREE-JET INVARIANT MASS CROSS SECTION

Submitted to Phys. Lett. B!

5 L
10 DQ o |y <24 (x4)|F ® p.,>40GeV (x4)
S 10 L m |y|<1.6 L O pg3>70GeV (x2)
() E A |y|<0.8 E 9 pgz>100 GeV
E 108 L
‘é ; Pr3>40 GeV | lyl<2.4
s 0F 4
(%) F E
> 10 £ L
2 @ Fo®)
z 1% £
0 oL vs=196Tev P — NLOpQCD _
© 2; L=07fot E  plus non-perturbative corrections
06k o e, WEHECn PR
04 0506 08 1012 15 04 0506 08 10 1.2 15
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» First study of the three-jet invariant mass dependence
» NLO pQCD = MSTW2008
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COMPARISON TO MSTW2008 AND CT10
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2 E e Data/Theory (MSTW2008)
3 | e R Range of ,  variations
F E PDF uncertainty 68%CL
3 E == CT10/MSTW2008

;\ v <\ 0'8\ ‘p-|—3‘> \AO\GEY é ;\ v <‘ 1'6‘ ?T3‘> ‘AO\GEY M= 1= (Pry + Prp + ) /3
T e
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» MSTW2008 good agreement in shape
» CT10 agreement at low mass, but shape is different
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COMPARISON TO OTHER PDF SETS
Using recent PDF sets (MSTW2008, CT10, NNPDFv2.1,
HERAPDF1.0, ABKMO9NLO)

Data / Theory
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1 K== (Pt Prp +Ppa) /3

F lyl<24 ppy>40GeV ]
L L L o | P

Flyl<24 pg>70Gev ]
L L L | P

F lyl<24 pgy>100GeV
L L L Lo | L

04 0506 08 1012

04 0506 08 1012
Mg, (TeV)

NNPDFv2.1 similar to MSTW2008
HERAPDF1.0 similar shape to CT10

04 0506 08 1012
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PDF TESTS

» Cross section depends on the choice of PDF, ag, scales
» Calculate x? for all data points including all correlated
uncertainties except PDF uncert. (test of central PDF)

- ' DO L=07ft || —® MSTW2008 |[[ = O HERAPDFv1.0
£ [ [ ---A NNPDRV2.1 |[ O ABKMO9NLO
8 150 [ Mo =(Pry#PrtPa) /3| ---F¥ CT10 [ .
< r r S0
s i i CA | -
100 [ - ST S
g : P P ~20C
g [ i \““‘*?Ao—»/ B
N 50 T Ul O | K=k=2K  ©
I N IR | P B
0.11 0.11 0.12 0.11 0.12
ay(M,)

» for ag close to the world average, observed lowest x? for
the default scales

» lowest x? for MSTW2008 and NNPDFv2.1
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SUMMARY AND CONCLUSIONS

» Dijet system studied extensively, dijet invariant mass cross
section shown in this presentation in good agreement with
NLO pQCD

» First submitted three-jet measurement from the Tevatron
Runll

» First comparison of the NLO prediction for three-jet cross
section with different PDF, scale and «g choices

» Best description with MSTW2008 and NNPDFv2.1
» New observable with impact in PDF fits
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