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Compton Annihilation Fragmentation

Dominant

Advantage: Mostly direct 
photons emerging unaltered from 
the hard interaction

direct probe of the hard 
scattering dynamics

clean probe w/o complication 
from jet fragmentation & 
systematics 

More abundant than Z/W+jets
(a few millions at 1 fb-1)

Precision test of pQCD
Sensitive to PDF s, esp. gluon density
More detailed test of the underlying 

processes than inclusive measurement

Under st anding t he QCD pr oduct ion 
mechanisms of photons is prerequisite 
t o sear ches f or new physics (esp. LHC). 
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& jet in CC (SS, OS)

in CC & jet in EC (SS,OS)

Region 1: xRegion 1: x1,21,2 cover adjacent intervalscover adjacent intervals
Region 2: xRegion 2: x1,21,2 almost identicalalmost identical
Region 3: xRegion 3: x1,2 1,2 cover very different cover very different 
intervals, very small and very large x intervals, very small and very large x 

frag contribution decreases with pT

JETPHOX

qg q dominates in the wide kinematic range 
probe F(x,Q2) in a new window
0.007 x 0.8 & 9.102 Q2 8.104 (Q=pT )

Extremely challenging!
(jets)/ ( ) 103 severe background from 

jet fragmenting into a leading 0 (or ), 
particularly at small pT
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--

Highest energy collider s=1.96 TeV
36x36 bunches colliding per 396 ns  

Excellent Tevatron performance!
Peak Luminosities of ~3x1032 cm-2s-1

Delivered 3 fb-1

Goal : 8 fb-1 by 2009

2.7 fb- 1 on tape

1.1 fb- 1 for
this result
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Inner tracker (silicon mictrostrips 
and scintillating fibers) inside 2T 
superconducting solenoid : | | 2.5

precise vertexing and tracking
Wire tracking and scintillating muon
system: | | 2

Liquid Ar sampling & U absor ber
Hermetic with full coverage (| | 4.2)
4 EM Layers : shower-max EM3
Fine transverse segmentation

x = 0.1x0.1 (0.05x0.05 in EM3)
Good energy resolution

x

y

Z
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Events selected with single high pT EM calorimeter triggers
Isolated photon : pT 30 GeV, & central (|& central (| || 1.0)1.0)
Leading jet : pT

jet 15 GeV, central (| jet| 0.8) or forward (1.5 | | 2.5)
-jet separation in - , dR( ,jet) = 0.7

Small missing ET 12.5+0.36.pT to suppress W s & cosmic events.
Additional cut on NN output, ONN 0.7

Overall systematic uncertainty on +jet of 4.5 5.2%
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Neura l Net w ork Selec t ionNeura l Net w ork Selec t ionNeura l Net w ork Selec t ion

Substant ial background f rom dijet 
events to the +jets sample

Design a NN with 3 discriminating 
variables between real s & em-jets. 

NN trained on fully simulated +jets & 
dijet samples from Pythia.

Tested on e from Z0 decay (data & MC)

cut

44 pT 50 GeV

Apply NN to separate Apply NN to separate +jet signal +jet signal 
f r om QCD dij et backgr oundf r om QCD dij et backgr ound

Content of real photons, i.e. purity is Content of real photons, i.e. purity is 
determined from fitting the NN determined from fitting the NN 
output in data with the mixture of output in data with the mixture of 
profiles from MC (profiles from MC ( .. j+j+ .jj.jj).).
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Total +jet candidate events : 2.4 M
--34.4% (1), 30.2% (2), 20.3% (3), 15.1% (4)

Results include stat. Results include stat. systsyst. errors.. errors.
---- stat. 0.1 stat. 0.1 8% for R1 & R2,         8% for R1 & R2,         

up to 20% in R3 & R4.up to 20% in R3 & R4.
---- systsyst. 10 . 10 15% depending on regions15% depending on regions

Theor y : NLO pQCD calculat ion f r om 
J ETPHOX (P. Aur enche et . al.) using 
CTEQ6.1M PDFs & BFG FFs.

Major syst. uncertainties from purity 
estimation, and jet selections and 
luminosity. 

D0 Run II Preliminary
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Com par ison w i t h TheoryCom par ison w i t h TheoryCom par ison w i t h Theory

Deviation from the predictions for pDeviation from the predictions for pTT 100 100 GeVGeV for the two kinematic for the two kinematic 
regions with photon and jets both in the central regions with photon and jets both in the central regions. Shape of regions. Shape of 
t he Dat a/ Theor y similar t o t he st r uct ur e obser ved pr eviously by t he Dat a/ Theor y similar t o t he st r uct ur e obser ved pr eviously by UA2, UA2, 
CDF and D0 Run I I inclusive phot on measur ement s.CDF and D0 Run I I inclusive phot on measur ement s.

Region 1 Region 2

D0 Run II PreliminaryD0 Run II Preliminary
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Com par ison w i t h TheoryCom par ison w i t h TheoryCom par ison w i t h Theory

Shape of dat a/ t heor y same f or r egion 3 and 4. Scale dependence iShape of dat a/ t heor y same f or r egion 3 and 4. Scale dependence is s 
biggest in region 4. biggest in region 4. 
Deviation from the predictions  for pDeviation from the predictions  for pTT 50 50 GeVGeV for the  kinematic for the  kinematic 
region with photon in the central and jet in the forward region with photon in the central and jet in the forward regions with regions with 
the same sign of their the same sign of their s.s.

Region 3
Region 4

D0 Run II Preliminary D0 Run II Preliminary



11Ashish Kumar EPS 2007 July 19-25 2007 

Most syst. uncertainties 
related to photon id are 
cancelled in the ratios.

Except for those related 
to purity and jet id when 
dealing with the ratio of 
central and forward jets. 

Overall Overall exptexpt. . unc.ofunc.of 3.5 3.5 
9% for 449% for 44 ppTT 110 GeV 110 GeV 
and gets larger for small and gets larger for small 
ppTT (due to (due to systsyst) and) and
larger plarger pTT (due to stat).(due to stat).

Significant reduction in 
scale uncertainty : 1-3% 
for R1-R3 and 3-8% for R4
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Performed a measurement of triple diff. xPerformed a measurement of triple diff. x--section of section of +jet production.+jet production.

Considered +jet+jet topologies open a new window to study PDF s, gluons in 
particular.

By taking ratios of cross sections significantly reduced effect of 
experimental and theoretical uncertainties

Shape of the measured x-sections, in general, qualitativey reproduced 
by the theory but observe a quantitative deviation from predictions for 
some kinematic regions. 
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Syst em at ic Unc er t a in t iesSyst em at ic Unc er t a in t iesSyst em at ic Unc er t a in t ies

The maj or sour ce of uncer t aint ies ar e caused by pur it y 
estimation, photon and jet selections and luminosity. 
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Dat a/Theory: PDF Dependenc eDat a/Theory: Dat a/Theory: PDF Dependenc ePDF Dependenc e

Change in PDFs lead t o var iat ions in t he dat a/ t heor y up t o ~10% Change in PDFs lead t o var iat ions in t he dat a/ t heor y up t o ~10% for for 
Regions 1Regions 1--3 and up t o ~20% f or Region 4.3 and up t o ~20% f or Region 4.

Region 1 Region 2

Region 3 Region 4
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Neura l Net w ork Selec t ionNeura l Net w ork Selec t ionNeura l Net w ork Selec t ion

GeV0.4E
CellsEM1

cell
TN

Use 3 variables in NN to discriminate 
between s & em-jets.

GeV0.4pwith track
T

0.4R0.05
T (tracks)p

GeV)0.4(E/EE cell
TTot(EM)EM1

NN trained on fully simulated +jet 
& di-jet samples from Pythia.

Good performance on electrons in 
data and MC.

cut

44 pT 50 GeV

NN test on 
Z e+e- events

D0 Run II PreliminaryD0 Run II Preliminary
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Uncertainty : 

--statistics in a bin
--fitting
--binning 
--fragmentation model used in pythia

Purity has qualitatively similar shape 
in regions 1-4, lower in region 4.
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Theoret ic a l Unc er t a in t ies of 
Gluon PDF

Theoret ical Uncertaint ies of Theoret ical Uncertaint ies of 
Gluon PDFGluon PDF
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