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1.Structure functions + parton distributions

gluon, ag
W.,Z, H, 1t cross section precision

2.Heavy Flavors

c,b content of proton

3.Diffraction

4 Final states

multiple interactions
underlying event

5.MC tools
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VEITSUS

ep Js = 320 GeV pp /s = 14 TeV

10' M= 100 GeV

Q" (GeV?)

Higgs, SUSY,.. QCD backgr.

J(Q?/s) = J(xy) ~ 0.01
for Q%2 ~ 10 GeV?

| evolve PDFs in In Q2>

J(M?/s) = J(x;x,) ~ 0.01
" for M ~ 140 GeV
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Parton Distribution Functions

LHC is a p-p collider

but fundamentally we have
parton-parton scattering:

:
pu SRS
g q

need precise PDF (x,Q?) +
their QCD evolution
to highest order

parton-parton luminosities
and energies S

From HERA to LHC



e HERANIEgacy

H1,ZEUS: F, precise to 2-3% HERAL combined:

HERA 1 ¢*p Neutral Current Scattering - H1 and ZEUS
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e HERANegacy» PDES

before HERA  the gluon  after HERA
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Cooper-Sarkar et al., HERA-LHC WS 2005
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e FHERANegacy

LHC W,Z production

+
HERA excluded

-+
HERA included

o

Thomas Naumann

DESY

HERA excluded

Z
HERA excluded

Cooper-Sarkar et al., HERA-LHC WS 2005

From HERA to LHC

Z
HERA included

Q%= 8315 GeV ?




artont » Istributiont iINCTIons
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HERA combined

H1 ZEUS

combine H1+ZEUS data + fit combined PDF fit to H1+ZEUS data
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much reduced errors, but reveals gluon uncertainty !

get final HERA PDFs !
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HERA combined

- combine H1+ZEUS: lumi ~700 pb-!
- combine with jets
- only more statistics, no better syst.:
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T.Carli et al., Exptl. det. of PDFs, HERA-LHC WS 2005, p.78 C. Gwenlan et al., hep-ph/0509220

smaller error on LHC jet cross sections + New Physics |
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LO: dF,/3InQ? ~ a;(Q?) xg(x,Q?) jet cross sections: g(x) at high x
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- F_ directly sensitive to gluon
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Fihand Gluon

- X check other measurements
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Feltesse, Gwenlan, Glazov, Klein, Moch, HERA-LHC WS 2005. X
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PDESFatitNNLEO

gluon @E-5risEesde-fyd Fl~ al(Q?) xa(x,.Q)
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C. White, R. Thorne, 0706.2609 [hep-ph]
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PDESFaitINNLEO

- NNLO partons with uncertainties from experimental errors
- NNLO uncertainties S than NLO, at medium xu(x) (NLO-NNLO) > uncertainties
- NNLO fit better than NLO

25 T T T T T—TTTTTTT T T T 15 S S S S 10

NNLO

xg(x,QZ:SGeVZ)

MRST2001
20 [ - 3 8

saved by

/ error bars ..

" Alekhin NNLO
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g E
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0.5
MRST06
5 2 .
: /' MSTW, 0706.0459 [hep-ph]
10 107 107 X0 ! 0104 ' ..\.\.1:;73 ' H””l!]fz ‘ meig’l —

- NNLO resolves more features of theory: q., q,. q evolve with different kernels
- Heavy flavors still an issue. DIS07: MRST(MSTW) 3

Campbell, Huston, Stirling, LHC QCD primer
Rep.Prog.Phys. 70 (2007) 89-193. http://www.iop.org/EJ/abstract/0034-4885/70/1/R02/
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ShandardicandlessWiRZ producition

- W,Z rapidity distribution with scale variation m,, ,/2 < p < 2m,, ,

- NNLO renorm./fact. scale dependence ~1%
(Anastasiou, Petriello, Melnikov 'O5; Dissertori ‘05)

-LO -> NLO -> NNLO: ~ normalization only !
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Campbell, Huston, Stirling, LHC QCD primer, Rep.Prog.Phys. 70 (2007) 174 f.
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Sthandard candiessWe Z prodiuciion 2

- 1-2% theory error

- 2% ultimate LHC precision, BUT:

- PDF uncertainties ~7% (CTEQ) dominate !

- more precision needed from HERA medium 0.001<x<0.03

27 2 2

- W+ - W- - Z
1.5F 1.51 1.5F
ds (s 1F
0.5t 0.5 0.5
O | | | | | | | | | : | | | | | | | | | : | | | | | | | | |
-5 0 S QS 0 S Q5 0 S
Y ) S.Glazov, PIC 2007 Y
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Gluont Gluon =>2Higgss ilieor:

- gets large positive corrections from order to order
- renormalization scale uncertainty for scale variation m,/2<u<2m,
at NNLO still ~10%

pp_’H+X 80 T T T T T T T T T T T T
L T T T T I T T T T | T T T T | T T T T I T T T ] i : :
5 — — o(pp— HX) [pb] | _ | o(pp — H+X) [pb] -
NNLO ) I . (pp ) [pb] 1 20l (pp ) [pb] 1
= 14 TeV = C - 1
s e : 60 |~ M, = 120 GeV L My, = 240 GeV ]
. m, = 120 GeV 4 L S . L2 |
s MRST2001 pdfs ] L e 1 15k e i
my/2 S p S 2my, m i o Tl 1
ﬁ — A0 _'... ~ . T, . L =~ -_ T
s 1 - IR T3
. NLO i NLO |
ST, ] I e T F .. 1
. :§::‘§§‘v s ] 20~ e ] T e, il
TR ] — NLog o 1 ° — NLog Lo
-] ———— N’LO : T N’LO ]
| | | 0 B 0" N | 7
— B n 0.2 0.5 1 2 3 0.2 0.5 1 2 3

Y ”’r/MH l‘I'r/NIH
NNLO: Harlander, Kilgore ‘02
; o B9
Campbell, Huston, Stirling, LHC QCD primer, Rep.Prog.Phys. 70 (2007) 182. Anastasiou, Melnikov ‘02
see also: Catani, de Florian, 6razzini, Nason, 2003; Anastasiou, Petriello, Melnikov 2005 Ravindran, Smith, van Neerven '03

N3LO soft: Moch, Vogt 05
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Gluon Gluenr=>"liggs

- PDF uncertainties 3-5% set dep.

- gluon dominates precision

- qq smaller

100

expiil:

10 E

o(gg — H) [pb)

Vs =14 TeV
MRST —— -

0.1

... oleg — Hqq) [pb] ]
N, Vs=14TeV 1
MRST —— -

1000 100

My [GeV]

Thomas Naumann DESY

A.Djouadi, S.Ferrag, hep-ph/0310209.
From HERA to LHC
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T production

87% gluon-gluon fusion 13% qq annihilation

a(p)

gp) X
Ups) !
%, 3 %f o) qp,) X, t(p;)
¥ 3
e _ 3 _
K (py) t(p,) ap,) 7 p,)
2(p,) P4 X,
I\

(p,)

- Tevatron: large x valence quarks produce top: opposite ratio !

- gluon important:
* PDF uncertainty 3-4%
* NLO + NLL ~10%
* total exptl. ~10%

Thomas Naumann DESY From HERA to LHC



Tevatron
Opata’ OTHEORY

Data corrected to the parton level
NLO pQCD EKS CTEQ 6.1M (1 =Pf'12)
Midpoint (R, =07, .. =0.75, R, =1.3)

merge

25

cong

0.1<IY<0.7 L=1.04 o
PDF uncertainty on pQCD
MRST 2004 / CTEQ 6.1M

. Data / NLO pQCD

Systematic uncertainty
Systematic uncertainty including
hadronization and UE

0.5 CDF Run Il Preliminary

0 100 200 300 400 500

DESY
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experimental:
jet energy scale
~Tevatron

Energy scale variation 3%
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From HERA to LHC

@)
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LHC

large PDF uncertainty
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Exdira Dimensions

- affect dijet cross section through running o
- parameterized by nr of extra dimensions D + compactification scale M_

10 6 -6 T —— —r— —r— — ;
2 1 0 F ok E
-7k b -7F B 7 ]
107 L 1 w0’k 1 1k Central value |
1 -sf Mc= 2 TeV ] 0 -sF Mc= 8 TeV : -sf — 1 o limits
3 E 3 T 0 £ A
_of E of E of 3 o limits E
10 = ERNE T W g E
-10fF ] ~10F 3 _10f E
L ERR ERR L 2 E
-1t ] -11f ] f ]
10 F SM ERR EREL E
-12f E -12f 3 1af 3
10 = 2xD 7 10 E = 10 3 3
_135 3 _135 ] —135 ]
10 E 5 10 E = 10 3 3
14 4x E ® s SM prediction ]
LU = 94 10 £ = W F =
£ 3 g E : CTEQ6M PDFs E
-15F ] -isf ] -15F 3
10 F 6xD T 10 = 10 F E
Eoo o o e il o S N N SO S Y ST ===t R S T R R R T P ] s B
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5501 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
P> GeV Pe > GeV SM prediction Pe GeV

S.Ferrag, hep-ph/0407303

- high x gluon dominates high E, jet cross section.
- PDF uncertainties reduce M, sensitivity from ~5 to 2 TeV
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e rom EERANEHS

- H1 incl. jets (NLO) hep-ex/0706.3722, DESY 07-073.
ag(M,) = 0.1193 + 0.0023 (stat) + 0.0032 (th) + 0.0010 (pdf)  700<Q2<5000 GeV?
as(M,) = 0.1171 + 0.0014 (stat) + 0.0047 (th) + 0.0016 (pdf)

- ZEUS incl. jets (NLO)
ag(M,) = 0.1207 + 0.0014 (stat) + 0.0034 (exp) + 0.0023 (th)

-HERA incl. jets (NLO) i. a’

o(M) = 0.1198 + 0.0019 (exp) + 0.0026 (th) QF

HERA or, Working Group

HERA HERA

T T T T T — T T T T T T T T th. uncert.
inclusive-jet NC DIS 43 e ZEUS (inclusive-jet NC DIS)

Inclusive jet cross sections in NC DIS

3
Lo v ZEUS (inclusive-jet yp) " ZEUS (Phys Lett B 649
et ys Le (2007) 12)
0.2 * ZEUS (from do/dBy) |, + ZEUS (norm. dijet NC DIS) exp. uncext. =% o
» H1 (from dzﬁfszdEile.l) | = H1 (norm. inclusive-jet NC DIS) B Inclusive-jet cross sections in NC DIS
1 g * H1 (event shapes NC DIS) a HI (DESY 07-073)
=
’ gn § HERA combined 2007 inclusive-jet NC DIS
L L =4
&0 &0 (this analysis)
- - - s
0.15 2 0.15 =
r g - 1& ~ HERA average 2004
= QCDh ;’" beeet QCD :-» (hep-ex/0506035)
L (M) = 0.1198 £ 0.0032 1 é (M) = 0.1189 +0.0010 é World average 2006
01 (Il-lERA combined 2007) . E 01 - (;s Bethke, hep-ex/0606035) | L£ (S. Bethke, hep-ex/0606035)
10 50 10 100 N R S B
jet _ (ot 0.1 02" 014
EF (GeV) u=Qor Ef (GeV) o (M,)

H1: DESY 07-073, ZEUS: DESY 06-241. EPS Manchester 07.
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- need precise ag to check
SUSY GUT unification

oy =
o, =
a3 =

- dag ~ 0.002 is the limitation !
- can lattice take over from expt:

(5/3) a/cos?6,,
a/sinB,,
Qs

0.1170+0.0012 ?

<8 26
=
2551
24.5-
] 0,,=0.1154(40)
o4 1 .Sin?e‘f=0.'23:09?(2.6)
15.5 16 16.5

log, ,(Q/GeV)

Thomas Naumann DESY

Ol =Nnerrunshorun)

il

aiion

T T 1] T

LHC &
LC/GigaZ

0,=0.1186(26)

o4 1 Isinlzev\‘,=ol.23|091|3(2|6)
155 16 16.5
log,,(Q/GeV)

From HERA to LHC

24_5{

24

0,=0.1225(37)
sin’6,,=0.23098(26)

15.5

16 16.5
log, (Q/GeV)
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HERAZ2: Hi1+ZEUS: Si vertex detectors - c,b lifetime tag

10

2
10

HI+ZEUS F,e¢(x,Q°)

F.¢ errors

HERA I: H1 displaced tracks:

Q2 [GeW] Ostat Osys Ctot

25 ~6% ~8% | ~10%

650 ~22% | ~15% | ~27%

HERA IT Projection:

Q' [GeV?] | Gy O Gt

25 ~3% ~4% ~5%
650 ~10% | ~10% | ~14%
F.,° errors

HERA I: H1 displaced tracks:

Q@ [GeV] | Gy Oy Clot

25 ~20% | ~20% | ~30%

650 ~40% | ~25% | ~50%

HERA II projection:

Q [GeV?] | Gum Gy Gt

| * HIHERA 4106 ¢ p (prel.) !
. o HID
- & ZEUS D* H= ] 0%
— MRST04 L :
F--=-- MRST NNLO
7Y I T I Y E—— J..l.“J.Ll_i_l_.l_l 11.1_1.1.1_3_:_.1 it
1 10 10 10

Q? /GeV?

25 ~10% ~10% ~15%
650 ~20% ~20% ~30%
[ ]
combine

H1+ZEUS

10

10

10

HI+ZEUS F,b(x,Q”)

[ HI HERAI+I106 e p (prel.)
L = ZEUS (prel.) 39 pb”

x=0.0002

1=

x=0,0005

| - MRSTO4 |
f —— MRST NNLO '
[ e HVQDIS + CTEQSF4
saal " io s s aagl " s s aaaal
10 10° 0
Q" /GeV

H1 prelim-07-171, LP 07; ZEUS: DIS Munich 07
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PDF ratios CTEQ6.1M charm mass neglected to CTEQ6.5M charm

HeavyrElavorischemes

mass implemented

2.0

Ratio to CTEQ6.5

L3 LA T T T 2.0 L L I T T 2.0 L L I T
u at gz = 2GeV d at u = 2 GeV gluon at u = 2 GeV
| —— MRSTO04 1w
o
1o
=
f =
O
1 94 < 1.0
i 1 2
4 o
q = -
= =
-4 o5
= 0.7 =/
n = ;
= -
FOYY r I PP S S T S S S S Y P B | R 12 ¥ P I . A
107107907 01 02 08 .1 2 3 4 56578901 oig"l.o":n" 01 .02 05 .1 2 a8 4 B 87801 nig"m"‘m" 01 .02 .06 .1 2 3 4 5 8789

changes quark PDFs outside error bands !

gluon within errors

LHC parton-parton lumi ratios vs /S

15— 15
B — CTEQ6.1/6.5 B
i —— CTEQ6.1 error band i
B —— CTEQ6.5 error band I |
Lo ] __"""'LUL""H!................umm%f l.oﬁmfiiii
- u ubar - gg (y—integrated)
0.5 i
0 L L IIIIIII L L IIIIIII L L IIII\II »0 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIII
0.01 0.05 0.10 0.50 1.00 5.0010.00 0.01 0.05 0.10 0.50 1.00 5.0010.00
\§ / TeV \§ / TeV

Thomas Naumann

DESY

qq lumi at $<0.1 ~10% higher

(outside error band) W.K.Tung: HERA-LHC WS, DESY 2007.

hep-ph/0611254, 0702268, 0701220.
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IHeavy Flavor

CTEQ6.5M vs. CTEQ6.1: W,Z cross section prediction: ~10 % error

rl/EEATIIJ_rLgIC workshop o+80ppE in units of r(CTEQB5M) 2_\5\!* &Z crpss segtions af the LHC for valrious N‘LO PDF's
DESY, March 2007 LHC, NLO, PRELIMINARY NNLL-NLO ResBos
y - PRELIMINARY mZEUS-ZM
Knnio ¢ BZEUS-TR
¥ : 21 ZEUS-ZJ
WAIE e — = CTEQ65 5
s : £ CTEQ6.5
w ,_*#‘——"—‘ * CTEQS.1 <  Alekhin' 02
P kA 4 (Cse 3. I R
ag—H°(120) e N‘f’ EMRST 02
. o
W*H(120) e A <
- : g CTEQS6.1
W~H(120) e 191
sc—H"(200)-bt ——— 4

08 09 09 1 1.05 11 115 12 125

185 19. 195 20. 205 21. 215 22

Tiot(pp—=>(W* -#v)X) (nb)

- ratio FFNS/VFNS sor
Fixed/Variable Flavor Nr Scheme: e

- large uncertainty of LHC gg luminosities: -
20,30% at My=0.1,1 TeV

- VFNS exptl. not favored over FFNS

treat heavy flavors correctly -

luminesity ratio
tn

o
—

o5

ool

[ ratio of gg luminosities

(FFNS/AWVFNS) at LHC

otherwise obscure Standard Candle !
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FlaversinsWaproduchion

only u,d,s,c contribute:

Cabibbo favored valence ud  70% change sea symmetry:
Cabibbo favored sea cs 25% change W-/W* ratio
Cabibbo suppressed sea 5%

2 ¢ 2 r 1F

18 18 W 075 [ W

1.6 E 1.6 : 05

14 F 14 095 — (&M(s+)=0-

12 ; 1-2 ; 0 Foovvo b b b b b b b b Byg i

1 ; 1 B 1 ’ (W-Nv+)def! (W-Nv+)mod

0.8 | 0.8 | 0.975 £

06 06 [ | 095 F

04 | 04 [ ] 0.925 ©

02 f 0.2 | 08 g "3 0TS

. ‘ L y
0 T2 0 2 4 0
S.6lazov, PIC 2007 y
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FlavorNingZ produciion

couplings: o
< bbZ I x=0.0002
o - / 1=5
10 25_ 1 - x=0.0005
10 |k Xi::03002
x=0.005
F.,b enhanced vs. F,: =2
1.4 ¢ ~ LE
12 F : on
TF — ud — dd 107k
0.8 ~ _ -« HlData
oL — CC — sS i v HI Data (High Q°) x=0.032
0.6 ~ bb — MRST04 =0
C 102L MRST NNLO
0.2 F :
0 )/ N 4l improve by HERA2 |
-4 -2 0 2 4 10 ""1'0 — """1'02 — """1'03
S.6Glazov, PIC 2007 y Q2 /GeV?
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Diffraction: fromr HERAN o EHG

e P \DPDF
% <b, jet
b, jet
DPDF
P | DPDF

PN P

\4

IP

v.
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DiffractiverHiggs  produciion

2-10 fb
"inclusive” "exclusive"
- for M,=120-250 GeV
mass resolution ~ 1 GeV
from energy of protons
- JeP=0*+
C+P even state (mostly) gengrilied glisn
P
- need diff. PDF at ﬁ ->1 dlﬂ?‘acnve PDF

Gnd QZ ~ MHZ

- sensitive to unintegrated PDFs
- inclusive = background to
exclusive
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Diffractiver 5B

H1 rap.gap data at x; = 0.01 * H1Data wee (extrapol. fit)

(o) Xp=0.01 == H12006 DPDF Fit A— (IR contrib.)
a_ ® H1 Data a -
© 4 = H1 2006 DPDF Fit A& a_ r GP=35 Qev® Q°=5 GeV? Q*=6.5 GeV? G*=8.5 GeV?
a 107 anmnn (extrapol. fit) bn. 0.05
» - o
* 5 X=5E-05 g '_ ﬁ 4« I
o B ? B=0.005 {i=11) o f."'-.‘ w At i -’i'ég;“_‘! i M
. wLBE.65 o : gijmiais o 7
ssal ?*J'f:: p=0.008 (I=10) L =12 Gev? Q’=15 GeV? Q’=20 GeV* Q=25 Gev’
= 0.05 -
- . X=0.00013 ¥
Tl B=0.013 (i=9) 0.025 [ E i"‘a../‘ “"-"‘1 !"-n“\
L & r
B ‘f!'i‘ x=0.0002 o i
¥ f=0.D2 (I=8)

02 e " 6%-35 Gev? Q%45 GeV? *=60 GeV?

QIPM Ae00%2 (k1 :;:?: ?-:.? ﬁi;ﬁ Jﬂ‘q
|l tE e, o

5 il .:};ﬂ’:ﬂ F oP=200 Gev? Q=400 GeV? 102 107 1- X(Mx)

F x<0,0008 0.05 -

E ‘!,a*." .’|_‘-""'fq $=0.08 (1=5) n.nzsé— - N B

- _!,.,«lf"-"“ 2013 (e um@
P oo %100 1 10" 1

,M $=0.2 (i=3)
:J-.. :_;:;:;_._-_,Mfi—.—_!—_'_- ;:g:;mﬂ—'ﬁzl
'l coms - X = Pxp and Q? dependence at fix xpp
o8 - Pomeron QCD structure !
0k - best precision:
i L e 5% stat., 5% syst., 6% norm.
@’ [GeV?|
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Pomeron PDES

difff‘ﬂCﬁVQ QCD fi"' %‘: Singlet PGzeVZ'
H1 2006: ;3— 8.5
d?c (m,Qz,mp,t)'}’*p_’p’X N
dxpp dt - n
* o 1 L
Ei f;P d&a.fy t(xa st 6) piD(ga Q2: rp, t) l - E 20
~70% gluons X A
z-integrated 02" "
- 90
singlet known to ~5%, ™ ME
gluon to ~15% O L
0.2 C
(fr'om In QZ dep.) g 05: 800
0.1F S
H1+ZEUS combined fit: AL R R
C.Royon, DIS 2007. z z
hep-ph/0609291. = H1 2006 DPDF Fit A
(exp. error)
hep-ph/ 0602228. = (ex:+1heor. error)
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Underlying Evenit

- and Multiple Interactions:
- on top of LO: parton showers, remnant-remnant interactions
- NOT lumi dependent pile-up !

Multiple Parton Interactions
Outgoing Parton

Proton AntiProton

Underlying Event
+7

Underlying Event

e

Outgoing Parton Outgoing Parton

- not calculable from QCD
- adapt MC models to Tevatron + HERA data
- measure dN_/dn, dN_/dp; at LHC
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Underlying Evenit

chh/ dpf leading jet

- 12 = 20 g 12 .
g [ a PYTHIAG214- ATLAS LHC prediction | -5 | A JIMMYA4.1 - Tuning A LHC £ - 4 PYTHIA6403 - CSC tuning LHC prediction
5o i 5o prediction 5L
g [ ® PHOJETLI2 2 " @ JIMMY4.1- Tuning B £
2 10 |- © PYTHIA6.214- CDF tune A 2 r @ 10 -
— L — = -
E E 15 | ® CDFdata % I
£ 8 | @CDFdanm £ Yy bt +H+ £ s ecprdma
;\ e NI + ;\ e * ++ +’+‘ 4 ++ 3 + " /I\
2 * e U p— : S
Z“' 6 i—t * ZU 10 " I....* m * ++ + ++ - ) Zu 6
V] : *-.t— o o W r 2 * ++ + + + + L vV T T A** ++ +++++
B & o < OQOCPOOOO ¢¢¢¢¢ i : e ,AA-‘.A'A’A‘A‘ TN e & * +
4 - . oooo i - . 4 - “1‘
I R " e s - -
L a o L -?:** ‘ﬁ: S . L * + +
L o, | = L *
2 L o ettt = . 3 L oottty Tttty et
r aﬂ. L2 ‘.»m‘ﬂﬁ m’hﬁMnﬁ ++¢++++ - +
:. _l.. + &
o b e e b b -.IIII|IIII|IIII|IIII|IIII é““\".‘I‘.‘.\““\.‘..
0 10 20 30 40 S( 0 10 20 30 40 50 0 10 20 30 40 50
Pt leading jet (GeV) Pt leading jet (GeV) Pt leading jet (GeV)

* MC models tuned to Tevatron+HERA data

differ strongly at LHC |
- PHOJET (DPM) ~ In(s) PYTHIA (MPT) ~ In%(s)
- better understanding + tuning:

PYTHIA dual-core? PHOJET? JIMMY?
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QCDN MG eveniigeneraiors

Instead of having defined LO, NLO and shower calculation separately and
patching the gap between them by matching schemes

Born Level
calculations

(

we should define a new shower concept
that can naturally cooperate with NLO
calculations

LO Shower

NLO

calculations

Z .Nagy, DIS, Munich 2007.
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MCigeneraiors

Algorithms for NLO matching:

MC@NLO
Avoiding double counting
introduce extra subtract terms

S. Frixione and B. Webber: JHEP 0206:029,2002
S. Frixione, P. Nason and B. Webber: JHEP 0308:007,2003

Krdmer-Soper:
include first shower step in NLO calculation +
start shower from this configuration.

M. Krdmer and D. Soper: Phys.Rev. D69:054019,2004
Z. Nagy and D. Soper: JHEP 0510:024,2005
P. Nason: JHEP 0411:040,2004
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- le cm'b, FZD, FL proton structure functions
- PDFs:

* xq(x): u(x) error ~3%
- xg(x): large uncertainty

- Olg: error ~2%

To do:

- HERA final F,cb, F,

- HERA combined F,, F.,cb, F,, g(x), PDFs !
- PDFs, xg(x):

- combine input from F,, F,c°, F, jets
- consistent charm treatment + NNLO use

- Ol final inclusive + jet data

Thomas Naumann DESY From HERA to LHC



Production errors in %
PDF  Theory Expt.

wW.,Z 7 1-2
Higgs 3-5 10
Tt 3-4 10

high E; jets 10-50 10

- uncertainties due to
- missing NNLO
- errors of xg(x)
* heavy flavor treatment
* errors on jet energy scale

- underlying event + multiple interactions

- better understand

2
5-10

standard candle

- fune MC generators PYTHIA, JIMMY, PHOJET

Thomas Naumann DESY
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