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FermilabTevatronRunl|l

Run |l started in March 2001
:%: Peak Luminosiy: 2:85 10°%? cm °s !

Delivered:> 3:75fb ! (Runl: 0.16fb 1)

LCDE s 6-8fb 1 expectedby end of 2009

Thanksto all colleaguesat the Tevatronfor their contributionsto this talk
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Motivation

Direct photons come unaltered from the hard subpgocess
) direct probe of the hard scattering dynamics

Energy calibration of photonsis better than for jets
Large statistics

Direct photons are important backgroundto many physicsprocesses

Multi-jet production dominates:
UnderstandingQCD production mechanismis indispensable
In seach for new physics
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Photonldenti cation

EM showver in Calaimeter
! candidate

ElectroMagnetic Detection Shower pro le

Isolation criteria (geometrical):

EM Calaimeter -Dene R=" ( )2+ ( )2

- CDF: ESd E; (R = 0:4)< 1GeV
Very low energyin hadronic calorimeter

No assaiated track
R( ;Jet) > 0:7 (conejets, R = 0:7)

Background estimation

Origins: Neutral mesons: °;

Preshaver Shownver Maximum

Detector (CDF) + Instrumental: EM jets
Shower shape (low Et)

Multi photon preshaver hits
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Data / Theory

|solatedohoton+ X crosssection

Previousmeasurement D Collab., Phys. Lett. B 639, 151 (2006)
] L = 380 ph' Dé
14— PreviouslypublishedD analysis
1.2 1 _____ Resultsconsistentwith theory
1:— - ‘ ‘ l I m | But variation/shape similar to
- '__HH{. ------ R former observations(UA2, CDF)
0.8 H"'.'Tl | T
8 R |
- | | Suggestsmore detailed check
0.6 - —®— ratio of data to theory with higher statistics
i CTEQG6.1M PDF uncertainty
I scale dependence
0.4~ (mR:mF:rr]g:O.Sp?_ and 2pi)
| L 1 1 | I I | | I I | L1 1 1 | I I | | I I |
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qg fraction

Inclusivephoton + jet crosssection

o © o o o o o o o
P M W M 1O N D © R

Promptphoton+ |et production

g

Also fragmentation:

Dominant production at low p; (. 120 GeV)

Fraction of qg! g+ production through Compton scattering: qg! g+
= j j<1 Central jet, J:ei> 0O e regionl
= Central jet, ) region 2 ' ' )
E 8 Foward jet, o0 4 egions Probe PDF's at low x (down to x ' 0:007)
= a2 Fowadjet, <0 O regons - where quarks are constrainedby HERA data
= o) ° .. .
= A = . ) sensitiveto gluon density
;_ @) A [ )
= g ® Test of NLO pQCD
3 S LI S - soft gluon resummation
E A
= PYTHIA o J} - models of gluon radiation
5 0
O_ I 5|0 — 1C|)0 I 1é0 — 2(IJO — 25|O

o

photon pT (GeV)
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Inclusivephoton+ jet production

Pp ! +jet+ X : Event selection DO Runll Preliminary
i j< 1:0 (isolated) = ——
S L . — g-direct j
Pr > 30 GeV(up to 300 GeV) S0l —emie o H
j 'y < 0:8 (central), 1:5< j *'j < 2.5 (forward) 2 | — data
et > 15 GeV 025 '
4 regions: It 7 0, central and forward jets S O W S W W NS W N S
Er < 125 GeV+ 0:36p; (cosmics,W! e ) : - Eigy
Main background:jets with large EM fraction 0-15; ST R I e
Dé Run Il Preliminary 0_1:_..
2 N
5 11 N
o 0.05—
1 B - |
O_ . | .IIIIIIIIIIJIIiIIIIiIIII

0 01 02 03 04 05 06 07 08 09 1

ONN

Neural Net is trained to discriminate
photons from EM jets

©c o o o O
U o N ™ ©

0.4

03 - it TestedonZ ! ee

0.2 Region 1 . iet. -~ Stat. error ) )

o1 j ®j<o0s Syst. error purity obtainedfrom t of NN out-
N P S S R I N N B P S put for MC signhaland EM jets to data
0 20 40 60 80 100 120 140 160 180 200 220 240

p’ (GeV)
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Inclusivephoton+ jet production

Dé Runll Preliminary

d’®s adpldn®dh’®  (pb/GeV)

3 ;— Dé data

10 = ® Region 1: g& jetin CC, SS

- B Region 2. o€ jetin CC. 0% Triple di erential crosssection
102 = Region 3: gin CC, jetin EC, SS

= A Region 4: gin CC, jetin EC, OS ]

- l.. NLO OCD Plotted: p; -weighted averageof t

10 §— A_& s CTEQ 6M, M, . =pT*(y*) in eachbin
- AL .\Q ---- Region 1
1E Al Region 2 L=11fo *

= A, By Region 3

N .\A . “““ Region 4
10 E \AAA '. Analytical unfolding for detector resolution

- N B _ .
102 E A 1 . Crosssection results shovn with

- stat. + sys.uncertainties

sl L=11fo™ A e

10 E ' i

- VAN
10_4g_llII|IIII|IIII|IIII|IIII|IIII|

0 50 100 150 200 250 300

p7 (GeV)

Theory: IHLO QCD from JETPHOX with CTEQ 6.1IM PDF'sand = = ¢ =p; f(y),
fy)= 3@+exp( 2y)), y = 5( o8
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Inclusivephoton+ jet production

Dé Run Il Preliminary Dé Run Il Preliminary
> > [
o | _ 1 ° . | _ 1 A .
S 16 |_int =111 ratio of data to theory 8 16 |_int =1.11b ratio of data to theory
}E - T theor. scale dependence IE - T theor. scale dependence
- - dependent uncertaint -~ B dependent uncertaint
© 14 Preep Y S L4 prdep y
@ - I L
(@) - (a) - AL,
1.2 1.2 A I »»»»»
S I Ao i S
— T — A A
. y .................. QI I S - S— |
B ®e g o _ B A
o T S b
L T © °
0.8 ® o | | 0.8
L 1 L A
0.6:_ Regionl 0.6:_ Region3 j
- 0<i<1 - 0<H<1
0.4 - 0<h™®<og 7.8% is overall 0.4 - 15<h®™®<25 7.8% is overall
0ok R > 15 Gev normalization uncertainty o2k peedet s 15 Gev normalization uncertainties
00 50 100 150 200 250 300 OO 20 40 60 80 100 120 140 160 180 200
pd (GeV) pd (GeV)

Deviation from theory for p; > 100 GeV for central jets ( jet 5 0)

Deviation from theory for p; < 50 GeV for forward jets ( et 5 0)
Structure similar to previousobservationsof UA2, CDF and D
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Inclusivephoton+ jet production

Dé Run Il Preliminary Dé Run Il Preliminary
~ 14 ~ 12
o™ : B 1 ™M - 1
'5 - Ly=11f .S - L,=11fb
D 12+ ) I o
G) — (@) GJ —
3 - 9 & 10 i
- - A data
0 %
~ 10 = daa .. . ~ 3 [ o theory, all scales=1.0 pi f(y)
2 - © theory, all scales=1.0 pg f(y‘) I ’cg [ L theory, all scales=0.5 pi ) T
o 8 ° theory, all scales=0.5 p, f(y*) 5] J Q i theory, all scales=2.0 p’ f(y) & A
> B theory, all scales=2.0 pi f(y) 1 2 6L T l
s I 1 ia I 1
n = jet > 0 =] » L a
: s B 4 .1
4 — n = i @] :
: &) E - i P O a
- an B 2 u I nB@ A
2 - Ll 2~ o1 aa
O i 11 1 | 1 1 1 | 1 1 | | 1 1 1 | 11 1 | 1 1 | | 1 1 1 | | O i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | |
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
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Crosssectionratio vs p; : reducedsystematics
Shapesof measuredcrosssectionratios in data qualitatively reproducedby theory in general

But quantitative disagreementfor somekinematic regions,
In particular for Region1/Region 3 and Region2/Region 3
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Diphotonproduction

Di-photon nal state: a Higgs discoverychannelat LHC
Possiblesignature of new physics,such as large extra dimensions

fragmentation:

Next-to-next-to leading order

2

Leadmg order diagram: Suppes_sedby contribution:
dominant at photon isolation
) ) N Suppressedby factor §
high di-photon mass Relevantin di erent )
(Higgs backgroundat LHC) phasespaceregions But important at low mass
(large gluon density)
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. (pb/SGeV/cz))

do/dM
<%

|

@

|

= [T T TTTTI

Di-photoncrosssection

CDF Collab., Phys. Rev. Lett. 95, 022003 (2005)

L = 207pb !

2 isolated shaversin EM calarimeter without assaiated track

j j< 09

pr > 13 & 14 GeV (avoiding IR-sensitiveregionsin pQCD)
889 di-photon candidate events,tot. e .. 15.2%, purity ' 50%

1
with NNLO gg!

s DIPHOX:
| M - NLO prompt di-photons

Mo NNO 1 - NLO fragmentation (1 or 2 )
- NNLO gg! diagram
ResBos:
- NLO prompt di-photons
- LO fragmentation contribution
- Resummed initial state gluon
radiation (important for lower gr)
PYTHIA (increasedby factor 2)

; E'> 14 GeV, EYTZ>13GeV
L I™1<0.9 o

| 1 1 I_,T
0 20 30 40 50 60 70 80 90 100
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do/dg; (pb/(GeV/c))

do/dA¢,, (pb/rad)

Di-photoncrosssection

Additional measurementfor ( ; )< =2
(open squaes) compaed to DIPHOX

.//"‘
’/
/

107 ]
£ 14 GeV, B> 13GeV NLO fr_agmentation contribution
w2l h21<0.9 4 only in DIPH_OX
T T relevantat high gr, small , low mass
o Py e YW Resummedinitial state gluon radiation
only in ResBos
S | - | ~ relevantat low gr
1°§_ E!'> 14 GeV, E* > 13 GeV 3
C h21<0.9 1 Systematicuncertainties
,__*_;; : i Background subtraction (20 - 30%)
. 1 Selectione ciencies (11%)
K ol 1 Luminosity (6.5%)
10_10""(;5"'/'1“"'1.|5""2|""215""$'

A¢,, (rad)

Lars Sonnenschein CERN & LPNHE, Universites Paris VI, VII Moriond QCD 2008, La Thuile/13



+ b jet production

_ 1 %1800; CDF Run Il Preliminary
L = 340pb s r e Data:L ~ 340 pb’
E, > 26GeV,] j< 11 i S facion
T = ’J J | 1400; C fraction
Jet (ET > 20 GeV,J J< 15) 1200? |:| Light fraction
with seconday vertex 10%0F
800
600;
Out . — . . 400? '.T
gplng incoming quark avour oF L
Dominated by g + HF ! + HF - Seo,
) Constraintson HF PDF's %05 1 15 2 25 3 35 4 45
Mass of secondary vertex (GeV/c")
% - CDF Run Il Preliminary
g
Determine b, c, light fractions = a5t g ® Data:L~340pb
Fit seconday vertex mass B RN S Pythia CTEGSL
Subtract background 4 st |LL rlerwig CTEQSL
Determine crosssection versusk ; £ 50
S
£ C
i 1 _+—
Good description of data by PYTHIA and Z ost -
HERWIG with CTEQ5L ., e |
30 40 50 60 70

Photon Et (GeV)
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+ b Jetswith dedicatedrigger

[R(-9>0.7,lh(g)|<1.1, h(j)|<1.5, E;(j)>20 GeV

<6 =
g | T o
o —— Pythia MC
L = 208 pb * =0 +
L
+ displacedtrack trigger ~ +H
2 B
On-line IP precisioncompaable to o -line 2 .
s G 2-
E;: > 12GeV,] <11 \;9 I i+
Lower E; threshold extends : ﬁ
phasespaceconsiderably Ry
(lessthan half compaed to previousanalysis) Photon E, (GeV)
jet (Er > 20GeV,| | < 1:5) with seconday vertex =~ __  F(907h@I<LL hOIKLS, 59212 Gev
> o CDF Run Il preliminary
5 L —e— Data (L = 208 pb’)
o | — Pythia MC
=10+
!
Agreementwithin errors with LO Pythia T
= |
Already limited by systematics ol
(Trackinge ., JES,g! Dbbinto singlejet) ? -
AR

I e
0 20 40 60 80
Jet E; (GeV)
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Summary

Tevatronand Experimentsare perfaming well

Prompt photon production measuredt D

- Triple di erential crosssectlondp C‘j' —er IN 4 regionsand ratios
T

- Deviationfrom theay, structuresimila to previousobservations
of UA2, CDF,D

Di-photoncrosssectionmeasuredat CDF

- Good agreementvith resummecdand NLO predictions
In di erent regionsof phasespace

- Resummedull NLO calculationnecessy

+ b jet productionmeasuredt CDF
- In agreementvith LO predictions
-+ displacedrack triggeredsamplealreadysystematicsimited
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Purity

Purity

Inclusivephoton+ et production:

Dé Run Il Preliminary
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Purity

pp ! + jet+ X : Event selection

40
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Dé Run Il Preliminary

p? (GeV)

j j< 10

p, > 30 GeV

j ®lj< 08 1:5<j < 25
P > 15 GeV

Four Regions:

1
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Region 4
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1: et > 0, central jets
2 It < 0, central jets
3: et > 0, forward jets
4 et < 0, forward jets

Er < 12:5 GeV+ 0:36p;
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s (Region 1) / s (Region 2)

s (Region 2) / s (Region 3)

Inclusiveohoton+ jet production:Ratios

Dé Run Il Preliminary Dé Run Il Preliminary
l4r ~ 14
C 1 ™ -
- Lip=11fb S - L, =11fbt
135 S L A
. 80:)’ 12 I :
1.3F > F
C J % T 2 10— = data
C =~ L PP . . .
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Data / Theory

Data / Theory

Inclusiveohoton+ jet production:Datavs. Theay

Dé Run Il Preliminary

Dé Run Il Preliminary
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Data / Theory
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pp ! + jet+ X : Event selection

j j< 10

p, > 30 GeV

j ®lj< 08 1:5< | < 255
P > 15 Gev

Four Regions:

1: It > 0, central jets
2: It < 0, central jets
3: et > 0, forward jets
4: et < 0, forward jets

Er < 125 GeV+ 0:36p;
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