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Aims of the QCD programme at the Tevatron:

- understand the fundamental physics of hadron collisions
- precision tests of QCD, uncovering new physics

Today will focus on the latest results in “hard” QCD
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Aims of the QCD programme at the Tevatron:

- understand the fundamental physics of hadron collisions
- precision tests of QCD, uncovering new physics

Today will focus on the latest results in “hard” QCD

G Hesketh




The Tevatron

Tevatron performing very well:

- 10.3 fbo'' delivered per experiment
- 50 pb™' per week

- experiment efficiency ~90%

- peak: 3.5x 10¥ cm™s™

Results today use 0.7 - 6.2 fb™
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Muon chambers/scintillators

Two general purpose detectors: CDF and DO
- central fracking in a solenoid
- electromagnetic and hadronic calorimeters
- muon fracking (DO: with toroidal magnets)

Competitive advantages
— CDF: better frack momentum resolution & displaced frack trigger at Level |
— DQ: finer calorimeter segmentation, and muon coverage to | nl<2.0
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Jefts
- seadrches, precision measurements
- 3 jets, jet substructure




. Jet Production < peskern
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Precision Measurements ™"

antiproton

’Tpr*rt ({”t )

Precision test of QCD!

Benchmark: measurements of jet cross sections
- driven by precise jet energy scale:

1-2 % (DO)

2-3 % (CDF)
- intfo forward region (I n 1 <2.4)

- dlso testing different jet algorithms
- kT instead of cone: PRD 75, 092006 (2007)
- and jet shapes: PRD 71, 112002 (2005)
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PDFs and «, g

Use inclusive jet data:
/2 - constrain PDFs, parficularly high-x gluon

antiproton =
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PDFs and «.

Use inclusive jet data:
/2 - constrain PDFs, parficularly high-x gluon
| - and «

Legacy measurements from the Tevatron!

antiproton

erErt[nS] = Z’ﬂ fl@ & f;g @\ (X g ( ﬂ[z) — 0 117 3+[ 38:11{1}

Phys. Rev. D 80, 111107 (2009)

from inclusive jet cross section
in hadron-induced processes
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Dijet Mass Lo

Further information in the di-jet mass distribution
- probe masses > 1.2 TeV!
- still shows some ftension with latest PDF fits

Phys. Left. B 693, 531 (2010) __ See also: PRD.79.112002
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Three Jet Production -,

Preliminary results on 3 jet mass:

- leading jet pT>150 GeV

- three rapidity ranges, three pT selections

- test NLO in more complex events

- systematics limited: 20-30%, JES dominates

. Hesketh
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:g 10
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1072 Systematic uncertainty
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Three Jet Production

G. Hesketh

Preliminary results on 3 jet mass:

- leading jet pT>150 GeV

- three rapidity ranges, three pT selections

- test NLO in more complex events

- systematics limited: 20-30%, JES dominates

5
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i D@ Preliminary  p_>150 GeV, p_>40 GeV
8, *ly|<0.8
_:%10 aly|<1.6
= 10° Aly|<2.4 (x4)
g 10

\s =1 96TeV

L=0.7fb",R__=0.7
Also look at R3/2: 10" cone™ ° -
- cancels many experimental systematics 102 Systematic uncertainty
- JES still dominates, at 3-5% 103 — NLO pQCD+non-perturbative
- and much of the PDF dependence in theory 10 COffeCTlonS Mg =K = 1/3 (IDT1 +Pry + Py )
- test QCD, and event generators 0.4 o 5 0_8 1_0 1.9 1_4
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Jet Structure o Heskel
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CDF PRELIMINARY
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[ Al wh) L Mid int
Test QCD and parton shower models = ) g o o
. . . 0.0035 \ i -~ Midpoint/SC
- using high energy jets (>400 GeV) & n 3 : Anti
. - L I-
- also benchmark boosted objects S 0% 0.002" # !
<) - _L _
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Photons, Z, W

outgoing parton(s)
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Use the well-understood bosons as a colourless probe of QCD process!
- properties and infercations of the bosons well understood
- kinematics determined by hadronic recoil

. Hesketh
16




Photons, Z, W

Use electron and muon decay modes of the Z
- clear experimental signafure

Inclusive Z pT: soft and hard recoll
- see J. Sekaric on Electroweak, Thursday

antiproton
q Identified jets:
- complex events: recent NLO W/Z+3jets
9 - test QCD, understand search background!
W.

- higher cross section
4 - neutrino adds complication



Photons, Z, W

N Use electron and muon decay modes of the Z
- clear experimental signafure

Inclusive Z pT: soft and hard recoll
- see J. Sekaric on Electroweak, Thursday

antiproton
q Identified jets:
- complex events: recent NLO W/Z+3jets
9 - test QCD, understand search background!
g
W:
- higher cross section
4 - neutrino adds complication
Photons: _ CDF Run Il
. . . e [
- higher production cross section NG e [
] o — -
- purity falls at low pT (>~70%) E b e
' . . . - Rl H
- isolation cuts reject fragmentation “E .
0.8 =
0l
—  CDF Inclusive Photon Data
- L=251b", pj>30 GeVic, iso<2 GeV (R=0.4)
0.6 - ——+—— Signal Fraction
E Systematic Uncertainty
Y ﬂ;ol«,«, 05" 'g0 o0 rs0 200 20300 350 a0

Photon p; [GeVic]

(inside jets)



Di-photon Production "

e AL AAL
Extensive results from CDF and DO + M +
- photon p >15-20 GeV, Inl < 1.0 —ww e
- diphofon mass, pT, angles qq 2> 1Y & = 71q @ N
annihilation Compton scattering fusion

Theoretical predictions:

DIPHOX: NLO, gg fusion @ LO

RESBOS: NLO + soff-gluon resummation
PYTHIA: LO + parton shower



Di-photon Production 5"

e AL AAL
Extensive results from CDF and DO + +
- phofon p >15-20 GeV, Inl < 1.0 —ww ww
- diphoton mass, pT, angles 4927 & = 11 R
annihilation Compton scattering fusion
Theoretical predlchqns: %* D@, 4.2 fb” ()
DIPHOX: NLO, gg fusion @ LO 0] -4 . data
RESBOS: NLO + soff-gluon resummation 2107\ RESBOS
PYTHIA: LO + parton shower = FEi — DIPHOX
e = i ~--- PYTHIA
'E C CDF Il Diphoton 5.4 fb” o Data ] % - K PDF uncert.
8 7 oo teocr ooy DIPHOX CTEQGM T 107 ¢ - scale uncert.
~— | Preliminary M= =S =MI2 -
2107 — - - -- RESBOS CTEQSM — -
-E E a0 e PYTHIA scaled x2 -
10°F N\
10_ Preliminary Phys Le’r’r B 690 .] 08 (2010) .
L
= b 4+ +++++
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- = 0.5E
10" | | | | | = & 50 100 150 200 250 300 350

I R N Y S Wby VEY)



G. Hesketh

Di-photon Production -

Good agreement at high mass

'S 1
But, no model describes full range: %, 102 __DQ’ 4.2 b (a)
- low pT, mass regions difficult O™ L 30 GeV < M,, < 50 GeV
- double differential 2 A ; . data
- large conftribution from g-g Sy RESBOS
- and fragmentation -g;_ i — DIPHOX
- g-g more important at the LHC! =103 - PYTHIA
T PDF uncert.
cg § =~ scale uncert.

—AAAA
e
T W WW

qq 2> 1 gq =1 g 2w
annihilation Compton scattering fusion

= PYTHIA 6.4, CTEQ6.1L
- 0.3

1 0.25- .
o -
o 0.2:—

015

)
Ratio to RESBOS

s 0 5 10 15 20 25 30 35 40 45 50
0.05[- — py’ (GeV)

Fraction of
o
I
{
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0"50 100 150 200 250 300 350
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Photon + jets: MPI

. Hesketh
22

Use photon + jet production:
- look for mulfiple inferactions

Divide event into two systemes:
- photon + jet
- additional jets in event
- check for balance/correlation

102

Data / Theory

=2 & 9 =
D O ® a B

D@, L =1.0f0
= ® Daia 50 < p. < 90 GeV
- A PYTHIA, tune A 0! 5 30 GeV
- PYTHIA, tune DW jet2 i
- PYTHIA e S0 > <Pr <20GeV
L A PYTHIA, tune PO »
= < SHERPA, with MPI -
- O PYTHIA, no MPI
[ O SHERPA, no MPI e

r"~""% Total uncertainty *
= X
a :
3 S
- © Accepted by PRD
T g, arXivi1101.1509
;_- ------ A ------------------------ ST . B s A , v
= on "ﬂ"'
- A 2y iy
: I s N
g g
— A
:_IIIA‘I|IIIILA|IIII|IIII|IIII|IIII|I
0 0.5 1 15 2 2.5 3

A¢ (rad)



G. Hesketh
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Updated result from CDF:
- electron and muon channels, now with 6.2 fb™
- leading and second jet pT, rapidity

- compared to LO and NLO pQCD

- theory describes dafta well! Update to PRL 100, 102001 (2008)

CDF Run Il Preliminary CDF Run Il Preliminary

plet [GeV/c]

10°¢
= = —e— CDFData L= 6.17 fb" = 10% —e— CDFData L= 6.17 fb"
§ - '=9=:=e= [ sytematic uncertainties § - —e— [] Sytematic uncertainties
Q ) B '=Q=|I:Q:l —— NLO MCFM CTEQ6.1M (o)) B —e— —— NLO MCFM CTEQ6.1M
g 10 =3 8= Corrected to hadron level g - == Corrected to hadron level
3 = '=e=:=9= w5 = M + p3(2), R,,,=1.3 3 10— —— w5 =M: +pi(2), Ry,=13
— I — =20, 1= py/2 — = W=2, ;1 =p,/2
E‘d__ 10 = ... PDF uncertainties §9'__ E ----- PDF uncertainties
© - —— T ~
B B B g
S - s 15
1= W =
T Ziy*(— e'€) +>1 jet inclusive T Zly*(— e'¢€) + >2 jets inclusive
/ o ) / e
107 p* >30 GeV/e, |V | < 2.1 . 10 = p' >30 GeV/e, |V | < 2.1 ——
1.2 1.4F
- C - 1.2
o 1 (@] C
@ F @ 1f
= - — 0.8F
~~ = -~ r
m 0.6 __ 1 1 I 1 m 0.6 __ 1 1 I 1
g 30 100 200 g 30 100 200

pl*t [GeV/c]



G. Hesketh

Another, way to access higher jet multiplicities:

) . ) ) jet
- A¢p(Z, leading jet), measured for the first time
- compared to pQCD and several event generators ag
; L
Phys. Lett. B 682, 370 (2010) /
5 D@, L=1.0 i’ o = | @ Data — PYTHIA Perugia®
£ g1 ® Data ; L8[ = -HERWIG+JIMMY = =PYTHIA Tune QW
= == NLC pQCD + corr. &
ﬂi -+ SHERPA g 2
g o . E See also:
:N 0 @ 1 PLB 669, 278 (2008)
a _
= 10° o : PLB 678, 45 (2009)
9. 65 < M,,< 115 GeV 0-71
- u o '
10°E Y| <17, p2 > 25 GeV 0.5F 1¥, 209, 3 JeTlplT
- Reone=0.5, P >20 GeV, y™|<2.8 I /Z pT and rapidity
< | ® Data o [ e Data = ALP+PY Perugia® o >= ] JeT)
5 Sp —NLopach = =LOpQch D 3[ == ALP+HER = = ALP+PY Tune QW 1" jet rapidity
% Scale & PODF unc. — — Scale & PDF unc. % AY(Z,JGT)
2 2 2 2r :
-% L= ’ % yboos’r<Z'J eT)
e i !"' ¥ P us i 8 L 3 .
1 A 1 ),/;"
- ‘ /""'J : - _'-.‘.p‘:"
0.7+ , ; n7k = memmmssmsscas -
- ' f‘l’ -
0.5F ¢ 0.6k
SHERPA scale unc. (b) i SHERPA scale unc. (d)
¥R R N R ST S Y- R B N R R

A(Z, jet) (rad) Ap(Z, jet} (rad)



W / Z +b (;.5Heske’rh

Much progress with Z+light flavour
- dlso need to understand heavy flavour
- THE low masss Higgs background!

. b
antiproton <



W / Z +b (;.()Heske’rh

Displaced
Tracks

Much progress with Z+light flavour
- dlso need to understand heavy flavour
- THE low masss Higgs background! Secondary

Vertex

— Jeét

']
/1
Lxy ~ ik
Z 'l
+ 4 1
e / !
/ 1
¥ — / !

| b L. do
'
.l

b
antiproton \ Jet

Z 600
(=) L -
S DO, 4.2 b
. ~ !

Heavy flavour tagging: 2 T . Data
- based on many variables in a NN 2400 = b jelz:s
- cut on discriminant output w Lig%tf‘gtg
& Total

Extract flavour fractions:
- fit templates to jet lifefime, vertex mass
- templates from MC (heavy flavour)
data (light flavour).
- both experiments require p. > 20 GeV

200




X W / Z +b (;Heske’rh

- 18 T
CDF results, based on 2 fb™': E: 16 «  CDF Data
W+b jets: 2.74 £ 0.27 £ 0.42 pb < 14 MCEM Q% +p2
NLO: 1.22 +0.14 pb =12
2 ) - MCFM uﬂﬂpim}
Z+b / Z:0.332 + 0.053 + 0,042 % gl ”: PRL 104, 131801 (2010)
NLO: 0.23% (0.28%) £[° ouF . PRD 79:052008 (2009)
Z+b / Z+jet: 2.08 + 0.33(stah)  0.34 (sysh % 8| ' F
NLO 1.8% (2.2%) O OO i s

2

(=]

30




\ W / Z +b (;éHeskeTh

- 18 T
CDF results, based on 2 fb™': s 16 «  CDF Data
W+b jets: 2.74 £ 0.27 £ 0.42 pb < 14 MCEM Q% +p2
NLO: 1.22 + 0.14 pb =12
%“ { pemsmsmsmsmnmas msmsmames MCFM DE:rzpi]et}
Z+b / 2:0.332 + 0.053 + 0.042 % g 0% PRL 104, 131801 (2010)
NLO: 0.23% (0.28%) £[° ouF . PRD 79:052008 (2009)
Z+b / Z+jet: 2.08 + 0.33(stah)  0.34 (sysh % 8| ' F
NLO 1.8% (2.2%) o S e e e
° 0 30

New DO result, using 4.2 fb™':
- electron and muon channels PRD 83, 031105(R) (2011)
-jet Inl1<2.5 (1.5 for CDF)

Z+b/Z+jet: 1.93 + 0.22 (staf) + 0.15 (syst) %
NLO: 1.85+£0.22 % (Q° = mZQ)




W / Z +b G. Hesketh

- 18 T
CDF results, based on 2 fb™': E 1.6 +  CDF Data
W+b jets: 2.74 + 0.27 £ 0.42 pb < 14 MCFN Q2=nd +p2
NLO: 1.22 + 0.14 pb RF.
TR MCFM Q*=<p? >
Z+b / Z: 0.332 + 0.053 + 0.042 % :‘w gi_ PRL 104, 131801 (2010)
NLO: 0.23% (0.28%) £[° ouF . PRD 79:052008 (2009)
Z+b / Z+jet: 2.08 + 0.33(stat) + 0.34 (syst) % < 0'2 3
NLO 1.8% (2.2%) o OO s s
°© 0 30
New DO result, using 4.2 fb™': Ny %
- electron and muon channels PRD 83, 031105(R) (2011) g
-jet In1<2.5 (1.5 for CDF) g

Z+b/Z+jet: 1.93 £ 0.22 (stat) £ 0.15 (sysh) %
NLO: 1.85+£0.22 % (Q° = m22>

Previous results for photon + heavy flavour:
- theory matches photon + b bl ¢
- but underestimates photon + ¢

Phys. Rev. Lett. 102, 192002 (2009), Phys. Rev. D81, 0562006 (2010)
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W + C G. Hesketh

(d,s,b)
Probe strange PDF at high @* (~M )
Background fo top, Higgs, SUSY
Strategy:
- select high pT e, u & soft lepton tagged jet -
- for W+c, opposite sign (OS) > same sign (SS) 90999999 \ Charge correlation

- multijet, DY, W+bb/cc, OS~SS
- count N(OS) - N(SS)

Soft lepton tagging (SLLT

Good agreement between NLO & data:
O w. - BR=9.8 £ 2.8 (stat) 71¢ (syst) pb
NLO pQCD: 11.0 f};:g pb

® Data (~1.8 b ) New Preliminary result using soft-e tag:
+ e WaLF o X BR=33.7 £ 11.4 (stat) * 4.7 (syst) pb
3 Other NLO: 17.8 £1.7 pb

PRL 100, 091803 ('08)
And analysis from DO:

- PLB 666, 23 (2008)
Also consistent with NLO.
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Other New Results

el fi 2
. W— el =80.9 £ 0.
Other new results in: 9 gof WSy (M=809:+07 Gevic
- diffractive W and Z production ‘E 95
- elastic scattering a
- underlying event g 20
- sfrangeness production in min-bias 5 Phys.Rev.D82:112004,2010
... and many more published results 2 10
5
= 5
CDF Run Il Preliminary, 4.3 fb’
$ 250 0 !
@@ W+jets 20 40 60 80 100 120 140 160
E : . 11C bkg M (GeVic?)
200 |- = o Z+Jets

A¢ subtracted, normalise
- DO Preliminary

=
o
o

150 |

rged Particle Density: dN/dndb

)
=L b
S p \'s = 1.96 TeV o
~£0.05n | E py Tune DWT 7]
'_ZE " * Data i er L o=====d
1 TAI 50.- - = m = = = H = m =N = = m =
' 0.04F ---=- PYTHIA Tune A : [
e’ 1 - - I_
2] &l | —— PYTHIA Tune PO 0
=
E I - ‘ - g . Tewvatron
'>70.03— *| | —— PYTHIAGAL 0 5 10 15 20 ’/—_Ii
) soft electron PT L
[
<

0.02 g o4
y = "Drell-Yan Production™ Charged Pafticles {[n]<1.0, PT=0.5 GeVic)
i o Lo L R S excluding the lepton-pair
0.01 0 25 50 75 100 125 150
; PT(lepton-pair) (GeVic)
AN BN A |'!-"' = ool v Iy
% 05 1 15 2 25 Phys. Rev. D82, 034001 (2010)
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Conclusion

Jet results build on the precise JES:
- legacy measurements from the Tevatron
- improving knowledge of PDFs
- new measurement of «

- will remain competitive for years o come

Boson (+ jet) production:
- excellent test of QCD predictions, essential for discoveries!
- extensive study of photons and Z+jets
- interesting new results on Z/W + heavy flavour

Analyses today used up to half of the Tevatron data set
- lots more to come from the Tevatron QCD programme!

http://www-cdf.fnal.gov/physics/new/qcd/QCD.html
http://www-dO0.fnal.gov/Run2Physics/qcd/

. Hesketh
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Defining a Jet

The DO Runll seeded, iterative, midpoint cone algorithm.

Run | algorithm:

- draw cone axis around seed (fower)

- split/merge after proto-jet finding

- recompute axis using k- weighted mean

- re-draw cone
- iterate until stable.

Algorithm sensitive to soft radiation:
- infra-red problem.

DO Run Il algorithm:
- add additional seeds beftween jefts
- use 4-vectors instead of £

- Jets characterised in ferms of p._and y.

Improved infra-red stability

Algorithm available in fastjet v2.4



Ratio to MSTW 2008 NLO

1.5p ! ! P B e R
- MSTW 2008 NLO (90% C.L) oo %
1.4 S
= MRST 2004 NLO A !
1.3

F 2= CTEOG&NLD
1.2 Y S R
1_1;— .....

15 e
0.9F \—;
08 X
0.7 —

- hep-ph:0901.0002 o 3
06E R
ELE:: 1 1 1 1 1 L 3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

X

Gluon distribution at Q% = 10°* Gel/?

Ratio to reference fit

E-U LI IIIIIII T 1 IIIIIII LI |||||| T T T T
I gluon (i = 100 GeV)
L CTEQO6.6
| CTI0
l'ﬂ +-.-- b o e M :
0.7
U_ﬁ L1 ||||||I 11 ||||||| 11 |||||I 111 [
io-*t 1073 1072 1071  10°

fractional contributions

10.05 0.1 0.2 0.4
[ T I T T ]
i inclusive jets: Tevatron Run Il
0.8 [~ ly|<0.4
06 | qq — jets -
0.4 F gq — jets
02 | .
- gg — jets
0 L 1 1 1 I 1 1 1
50 100 200 400
pr (GeV)
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Jets at the Tevaitron ™"

At the LHC.:
- Cross section vs p obviously much larger

- 7
ﬁ- 13 8 inclusive jet production
S 10° BUT cross section vs x significantly smaller!
 oa e.g. for 1y 1<0.4, factor of 200 at x = 0.5
6
©  10° _

10 DO results with 0.7 fb™'

14 - need 140 fbo' af LHC

04

10 j— Tevatron sqri(s)=1.96 TeV %, Further, problem of steeply falling spectrum:

]g sf T LHC  sari(s)=14 Tev K at DO, 1% error on jet energy calibration

200 | T — 5 - 10% error on central o

Tevatron Run Il / LHC — 10 - 25% error on forward o
O oo b i
s 200
At LHC:
100 - R R o R RRRRRRRa Fo o R R ] - need excellent Je'l' energy scale
0.05 0.1 0.2 0.4 .
X7 = 2p /sqrt(s) - out fo very high p,

Expect Tevatron to dominate high-x gluon PDF for some years!



Inclusive Photons © Heskel

Dominant Systematics: , CDF Run Il Preliminary

. 0 10°[8 .
- photon fraction at low pT (5%) A T+ COFdaa L7250
. o (L] - . systematic uncertainty
- photon energy scale at high pT (5-15 %). 3 10F —&— NLO pQCD JETPHOX
i = HiH CTEQB. 1M/ BFGII
?—i 1 ;— - HE=I =P
-1 ._.u = PQ‘n-g-q (corrected for UE contributions)
New CDF result (2.5 fb™) 5 . .
- extends measured photon p, range .310 E -,
- agreement within systematics 107 .
- shape features at low P, seen at DO and CDF 10*“:— .
- similar feature seen in Run |, UA2, ... inf1<1.0 and is0<2.0 GeV, R=0.4 .
104:_|:_I|IIII|IIII|IIII|IIII|IIII|IIIITIIII
2‘ B DG § 13:_ L=2 5fb'1 —— RatiatopC!CD NLO JETPHOX
o] R L =380 pb’ £ - ’ systematic uncertain
E 14— " Run " E 1 6_— rttj;elnry clorrecledrtfnrtEJE contributions)
E i PLB 639, '|5'| (106) % - mee=a- CTITD:.:}M I;DF uncertainties
[} - =m===== Scale dependence
o 1'2; JL _____ B e s 1L ____________________ 14] n=0.5p; and p=2p;
[ 1.2*
) -+-.|.-l-l-|'. | i ffffffff i ---- ¥ --------- Jf --------- - "m:--;'---% R
I~ [T 1 L AP A Ll b < - S B
sl 'MITITT 7 1 i ! | R e T TR
- e imeee L B e ke TIPSR
0.6 |- —®— ratio of data to theory 0.8 h
B CTEQ6.1M PDF uncertainty B . )
| masns scale dependence In|<1.0andiso<2.0 GeV, R=0.4
0.4__ (MH=HF=uf=O'5p:‘;and2p1) D.B:I | 11 1 | L1 1 1 | L1 1 | | 111 | | I | | L1 1 | | 11 1 |
& Emr . A me . g e BoG 50 100 150 200 250 300 350 400

p; (GeV) Photon p, [GeVic]



Ph o-l-on + Je-l- C;éHeskeTh

Investigate further: add a jet _ o
_ pT>15 GeV, In N <0.8,15< In T| <25 Something missing in the theory?
e je

Triple differential: - higher orders, resummation, ..”?

-in jet n, photon n and photon o} - LHC measurements will be very interesting!
Type 1: y?.y* >0 . =t 5
Yp Yy 1'62 DO y'|<08, y"y* >0 I 15<ly®| <25, y'y*" >0 3
Jet > y i
% v <1 o | L
.1_uL\-L 0.8 \ Y =0.0 0.8 1.0 l.g Py > 15 GeV 1 I + |

Ty & g12f + i 'lf } ________ -

N / L g " ¢ __ ...... =t
2 T H’ 1 *‘H‘i """" e H :::: *f :::: I i
2 0sf g #.HH T3 i,

6t T

3 06 v o } ¢
504l +  PLB 666, 2435 (108) .
(=} L <4
8 of Lu=1M" . - : 5
160 T E 5 RN 1

. y*"'|<0.8, y-y* <0 1 1.5< |y <25, y-y" <0
141 -+ .
e 2. P | ]|'=\1LI+J R— :
t 1T } | W - I}I}%T E
e S AR X RE s i I AR
08t f ﬁ ! 1 RE: I :
0.6 I I T —=— ratio of data to theory (JETPHOX)| —
C ) iz Eemanenmas theor. scale uncertainty 4
F CTEQ6.5M PDF uncertainty .
0.4 P P ratio of MRST04 to CTEQ6.5M E

r . o . | R ratio of Alekhin02 to CTEQ6.5M
0_2-_ 7.?% IS.OV?ral.l n.orlmélllzahon unce:rtamly. e * ratio of ZEUS05 to CTEQS.5M fig

30 100 200 30 100




Photon+b / C o

4 Gluon splitting contribution - -
bl e - dominates for high photon p, r ! gluon splitting
- important as background elsewhere §’ °
— o
blc § I HF sea
E G.e-'l_—
hiT V heavy flavour sea contribution S b Jets
- dominates atf low photon pT "I Leading Order Simulation
I - LHC: larger contribution over all p, LA A o e
- charm PDF has significant uncertainties

i)
L]
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d’s/(dp/dy'dy ) (pb/GeV)

T

Photon+b /cC

D@, L =1.0fb" o yy*'>0
10 & . myly <0
Eoy+Cc+X
B me NLO QCD
1¢ . e CTEQ 6.6M
- Y
, I | Heri™ Pr
10 - v+b+X . o W .
1025 ‘n e e W (3.0)
- T T (x1.0)
103 ly'| <1.0 | ... ..
" <08 e 03y
10* & p'Tet > 15 GeV .. (x0.1)
E 11 1 | 111 I 1 1 1 | 1 1 1 | 11 1 | 11 1 ] 1 1 1 | |
0 20 40 60 80 100 120 140
pl. (GeV)

b-jet cross section well modeled

Deficit in c-jet at high p.:
- region dominated by gluon splitfing

Increased charm sea models:
- move in direction, buf not enough

What will the LHC observe?
- more sensitive To heavy flavour sea

G. Hesketh

40

Similar analysis to photon + jet:
- ijeT>15 GeV, |njeT|<0-8, Inyl<1

Systematics dominated by flavour fractions
- from template fit to jet lifetime probability

2’ - R jet
§18EDY, L, =101 |;/Y |<0.8
E18E vy >0 o S i5cev |
S14F v+b+X P = A
© B
e +~ L
1 ——+a—,.m .'.:E'T-'_-# ST TR et i
I R e w— :
0.6 - —e— data/theory E
TE CTEQ6.6M PDF uncertainty [
04 e IC BHPS / CTEQ6.6M -
0.2 === IC sea-like / CTEQ6.6M F PRL 102, 192002 (2009)
---------- Scale uncertainty _.......................
E Yy >0 E Yy <0
3.5¢F -
Yy+Cc+ X - vy+Cc+ X 1
3 :_ ®
2.5F - |
2 3 +
15[ commms * '_-.‘_I::-':‘-""" ----- LTI — T :':_'.'_',"_"_"-T"-"--r.-
1 ;——+—'..'2—."$..Z—.,.%f.—ZHZ%ffﬁ-ff%ff%f:—..:.:..:.:.:..:.:.:...‘..:..T..‘ B i
05F -
40 60 80 100 120 140 40 60 80 100 120 140

p. (GeV)
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Photon, W, Z etc.

parton .
distribution — »
—
—>
__.> .
Hard process — Underlying
_, event
parton FSR ___y\>
distribution —
hadronization
Jet
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