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The HERA ep collider and experiments
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‘HERA = currently best

Proton structure:
structure functions and =S
parton density functions (PDF) = &
heavy flavours

. apologies:
General QCD studies -
: experimental
JCTS and Us meerhods

semi-inclusive final states

Both direct and indirect relations to
measurements at Tevatron and LHC
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Ie:
‘%}éacl:gpgfance for open heavy flavor at LHC/HERA\
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Kinematics of Deep Inelastic Scattering (DIS)

q=/(-0

Q2 < 1GeV?:

photoproduction

Q2> 1GeVa:
DIS

. . . . d
kinematic variables: )
QZ = -q2 photon (or Z) virtuality, squared momentum transfer

2
X = L Bjorken scaling variable,
2Pq  for Q% > (2m,)*:  momentum fraction of p constituent
Y = 9P inelasticity,
/Py momentum fraction (of e)
28.6.08 A. Geiser, QCD at the HERAscale, PIC08
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__The structure of the proton |

e Measure cross section -> talk V. Chekelian

d*o 27 . _ small N
dxdQ? ~ Q% {l”(l‘y) )y Fr(x, Q% +-Y. xpg}
at highQ*

to Oth order QCD (Quark Parton Model, Q2 > m 2): > talk E. Gallo

e Parton distribution functions (PDF) in pQCD

5™ (x, @) = x Y el (x, Q) + i(x, Q)]
i

"higher"
$ g; — probability to find quark with flavour 7 in proton / order QCD

corrections

in general:
F, structure

function
is not PDF
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| Reduced cross section |

2
l .
2 . F(x.®®) = measured quantity
Y + =0 for real spin ' partons
(Callan-Gross)

PP ‘ F, ~ quark dis’rribu’rions‘

Or = FZ(X~ 02] -

. 2
© Q% =200 GeV?
- \ . f. 2 P 2
B Fir(z,Q%) ~ aszg(x, Q)
[ o il -> talk V. Chekelian
S data - - LA
T “'u_* | ~ virtual quarks from
I e | transverse virtual gluons,
’ ‘. 15 regularizes reduced cross
' bt £ section at low x/high y!
- y=0.75 " 1% gny:
. ‘-\._.1 l E
D Ll || L4 11l | L1 1 ||| ] II.I\"J.II E .
10°° 10° 10" 1 in most of phase space:
X _
Gr. = FZ
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| Parton density funcions |

HERA Structure Functions Working Group
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[F, and gluon density |

——— MY
»

DGLAP QCD evolution: *
sea quarks, g->qq m
positive slope —"
/ (scaling violations) 0’

‘ gluén densify ‘ Io?

[1 and ZEUS Combined PDF Fit

valence quarks "
9->q9 |

Q%=10 GeV?

1
April 2008

—— HERA-IPDF (prel.)

- exp. uncert.

model uncert.

negative slope
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\Hl and ZEUS cross section combination \

— e >
coherent treatment of experimental effects
-> cross calibration (improvement better than naive /2 )

HERA [ e'p Neutral Current Scattering — H1 and ZEUS

® [ 153 individual NC and CC

oy TR o »1
e HERAI (prel) 1neasur§1nents arc "av eraged” to
O ZEUS 554 unique points
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xf

|strong improvement |

-
most notably at low x

1 LA |

0.8 |-

0.6 -

04}

0.2

10

28.6.08

| xS (2 0.05) =

Q’ =10 GeV?

—— ZEUS-JETS (prel.) 94-00
uncorrelated nncertainty il
[ correlated uncertainty

H1 PDF 2000

Bl exp. uncertainty
] model uncertainty

—

107 102 10" 1

(also at high Q?, LHC domain)

H1 and ZEUS Combined PDF Fit

Q*=10 GeV?

—— HERA-1PDF (prel.)

- exp. uncert.

i model uncert.

HERAPDF 0.1

April 2008

HERA Structure Functions Working Group
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Without HERA Data

= ST e =

HERA | data (one experiment)

S=s_—= & - - - "

T LHC

‘e.g.: predictions for W production a \

HERA | combined

W rapidity

W rapidity
only the fit uncertainty shown here,
no model variations

strong improvement
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xf

comparison with other

H1 and ZEUS Combined PDF Fit
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Luminosity measurements at LHC |

LUMINOSITY MEASUREMENTS: A COMPARISON
M Luminosity measurements at LHCb: summary

— e i e —
predictions:
can also be reverted
2008 (5pb ") 2009 (0.5/b") 2010 (2fb ) 1,.0 ConSTr'Gin PDFS
van Der Meer 20% 5-10% 5-10% -> talk D. Wiedner‘
Beam-Gas 10% < H9% < 5%
e % = | «—|relies on knowledge
PP pp+ U 20% 2 5% 1.5% Of PDFS

o o N Ma}lzt_

Hera-LHC workshop

ATLAS/CMS: QUALITATIVELY SIMILAR CONCLUSIONS I

BUT AFTER 1ST YEAR, DIRECT MEASUREMENT: TOTEM (3%), ALFA (5%)

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 14



‘PDFs: beware of heavy flavour treatment \

e = >

PREVIOUS DISCREPANCIES RESOLVED!

redictions for W and Z cpass-sections for LHC and Tevatron (in brackets) with
com i =T and vector boson width effects, and common branching
ratios.

By - ow (nb) | By+j- - oz (nb) ) R L e

MSTW 2008 NLO (prel.) | 20.45 (2.650) | 1.065 (0.2425) 3
MSTW 2008 NNLO (prel.) | 21.44 (2.739) | 2.043 (0.2512) '§”ﬁ B
g c :
Ratio to MSTW 200@ Tw oz z
Wed} 1.002 (0.995) | 1.009 (1.001) g ]
MRST 2006 NNLO 0.995 (1.004) | 1.001 (1.010) g ]
MRST 2004 NLO 0.974 (0.990) | 0.982 (1.000) 3 7
MRST 2004 NNLO 0.936 (0.991¢]0.940 (1.0 E
CTEQ6.6 NLO 1.019 (0.978) | 1.022 (0.987) T

Increases from MRST2006 compared to MRST2004 due to changes T correction

(NLO) or completed (INNLO) heavy flavour prescription. % 1 | >,
6% increasel! not uncertainty

Virtually no change from MRST2006 — MRST2008. Not guaranteed to be true for

all quantities.

Consistent with CTEQ6.6, but systematic differences mirror shape of gluon/quarks.

similar findings by CTEQ _ Hera-LHC workshop

POF4LHOCMETW
28.6.08 A. Geiser, QCD at the HERAscale, PIC08 15



| Why are heavy flavours im

charm contribution to F, up to 40%)!
|kinematic effect of maﬁ
|competing scales for perturbative expansion |

e.g. m, Q? pr -> terms log Q23/m?
log pt?/m?  efc.
*

=> "massless” treatment allows resummation, but fails near

"mass threshold" -> avoid!

=> "massive"” tfreatment gets kinematics right,
but does not allow resummation (fixed flavour number schemes)
or induces ambiguities in QCD corrections near flavour threshold

(variable flavour number schemes)

check different schemes against HERA data

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 16



[Heavy flavour contributions fo F> |

——— e _

mainly
Boson Gluon Fusion,
Q% x=Q%2pq -> F, dr'lve.n by gluons
multiple hard scales:
2
anything X, Mye, Pr
flavour
~ Tagglng

C
b,

C

-> szb, FZCE

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 17



[Beauty contribution to F, |

———

H1+ZEUS E,bb(x,Q")
"o F L B L B | 3
X r ]
'8 i x=0.0002 1 ]
b o 40-110 pbt
A 3 x=0.0005
10 :—'..__ i:4 -
} x=0.002
. i=3
10 | i
1 F E
-1
10 F
- o H1 HERA 1411 06 e p (prel.)
. = ZEUS (prel.) 39 pb™*
o “L - MRSTO4
- —— MRST NNLO
E ............... CTEQS-S
[ e HVQDIS + CTEE%SFﬁl 5
3 >> my
10 e | " PR T | —
2
10 10
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data in agreement with NLO

and NNLO, but errors still large
(only small fraction of data analysed)

improved measurements
-> d|§cr'|mma‘re between
different schemes

-> cheekh RDE o LHE:

see also talk C. Royon, Z + b at Tevatron




\Charm contribution to F, \

——————

HERA F,* » Large amount of measurements
S <= 00003 4% 0 HIHERA L (DY using different methods available.
W 5 x= 000008 <4 2 1 (prel) EIQRA B (VTX)
ot ity ?{ﬁi‘;‘iﬁi‘ﬁ'ﬁ%ﬁh:“" Dy in agreement with QCD predictions

oo oo 203096 |, gluon PDF ~OK |
- -5"""#_‘_ X = 000035 (x 4'%)

10*

Ywrnnwnne—— Q)
07 -t '"'“:__’;Eﬁ:‘ ; i understand mass v
106 N #“‘7;____'_;._ x = 00008 (= 4') effects from beGUTy

e x=0001 (= 4"

i

10 ° : :r’”‘rn__ x= 00012 (x 4°) R
o4 r_:f___..:‘e"'{" & x=00015 (= .1] > lmpr‘oved theory
_r.—isr‘_r"‘ xo= A2 |«

,f;j , :E‘;Ii::"‘. -> furtherest/constraingluomPOE

x = AN (x

10 P x = (LODE (= 47 DﬂtﬂSEt: L [pb-I]:
NOQeD: @ ax=0012 OH1HERAI (D) 19
Q [ 4%
| B £ N W H1 (prel) HERA I+l (VTX) 58 + 54
10’ g O ZEUS HERA| (D*) 82
. " = e O ZEUS HERA| (D*,D",D.") 82
Q*Gev) @@ ZEUS (prel.) HERA Il 135
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| Jets at HERA constrain gluon distribution |

“see talk C. Royon ZEUS

||||||I T TTTITm
E Q=1 GV

= =
PN
TTT

=
ko
TTTT

i
I|IIIII

gluon fractional error
5 & &
=

QCD-COMPTON BGF 3 1F B withoutjerdata |
0.6 4 [ with jetdata ]
Col rul T T N SR R TT| IR W RTT| M SN R TIT] 1 m
examples: ZEUS B ZEUS
TH_" R |::| e : N?:g : T T T T L T T T [ 1
+ - T ] d
" L4 T ] |
? C I ] e ik ZEUS fit an (X S
3 B 13 " e e
S af . T W 2 o without jet data
Z 0.2 W + = 151 ]
s T ] i
% U 125 < Q2 < 250 GeV? T 250 < Q< 500 GeV> E
E L B B I [
E C 1 ‘16 14 12 1 0.8 £ 10 - |
0.4F = log I
- 1 @ ZEUS (82 pb*) dijets Lo e
0.2 71 NLO(CTEQS) 2
E ] pz=0° 5+ |
Q 2
F ez | - i =T,
L . jet ene scale uncertaint 5 ® -
0.2 ] wao unrégeymmty Y L . S 5.,5,...: .....................
0.4 ] 0 rgnoeen”
b 2000 < QF < 5000 GeV? ]
— ']'_6' : '1'4' : '1'2' o '1 : Iul.sl ] world average ICHEPO6 -@-
lugLﬂEJ oo by by e b by
0.1 0.105 0.11 0.115 0.12 0.125 0.13
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measurement of o.|

————

ep interactions directly sensitive to o,

QCD-Compton

0.1

HERA

0.15

‘ ' ]
e ZEUS (inclusive-jet NC DIS)
v ZEUS (inclusive-jet yp)
4+ ZEUS (norm. dijet NC DIS) |
= H1 (norm. inclusive-jet NC DIS)
« H1 (event shapes NC DIS) o
\ 8
5, |&
- op
| i i 12
f | Ii 1 | ﬁ
5 )
. 1B
""" QCD i J_ T 7
ot (M) = 0.1189 + 0.0010 } “‘*“-u,é
(|S Bethke, hep-ex/0606035) | l | E
10 100

A. Geiser, QCD at the HERAscale, PIC08

1= Q or Bt (GeV)
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[ZEUS/HI combined o]

can gain in sensitivity by combining measurements with
different systematics/different theory uncertainties

select suitable
subset of
measurements

focus on small
NLO error

(NNLO not yet available)

.
.
‘\'q
0.2 -
..

0.15

HERA

2 2 e
}: } 1 I = H1 (from d’c/dQdEis!) |

0.1

inclusive-jet NC DIS

e ZEUS (from do/dEg!) |

HI S
------- QCD I “-“""“

o (M) = 0.1198 + 0.0032

(HERA combined 2007) |

HERA o working group

10 50

Ekt (GeV)

28.6.08 A. Geiser, QCD at the HERAscale, PIC08
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........ new improved result

th, uncert consistent with
Inclusive jet cross sections in NC DIS p rev | ous ones an d

exp. uncert. ZEUS (Phys Lett B 649 (2007) 12) wor I d avera 9 e
Inclusive-jet cross sections in NC DIS
H1 (DESY 07-073)
HERA combined 2007 inclusive-jet NC DIs  tOtal error: 2.7%
(this analysis) ﬂﬁ(ﬁrflfz) = 0.1198 £ 0.0019 ((:‘-X]'J.)
HERA average 2004 total error: 4.3%
(hep-ex/0506035) os(Mz)=0.1186 £0.0011 (exp.) £0.0050 (th.)
World average 2006
(S. Bethke, hep-ex/0606035)

01 012 04

0 (M)

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 23



[most recent HERA o, measurements |

e e =

0.1

o, from Jet Cross Sections

- H1 Preliminary
i = oy p=0Q)for @*<100 GeV? (HERA )
* o (p=Q)for Q*> 150 GeV? (HERA I+l

=~ Combined <a(u)> _jincl., 2-, 3-jet)
— from Q% > 150 GeV

NLO uncertainty

(0:0,0,-Q)

Illll] 1 1 1

10 Q/ GeV

—exp. uncert.

-=-th. uncert.

H1 high G jet multiplicities
H1prelim-08-031

H1 low G incl. jets
H1prelim-08-032

ZEUS incl. jets
Phys Lett B649 (20012 ..

HERA comb. 2007 incl. jets
H1prelim-07-032ZEUS-prel07-025

ALEPH 4-jet rate
Eur.Phys.J. C 27(2003)1-17

Bethke
Prog.Part.Nucl.Phys.58:351-386,2007.

0.1 0.12 0.13

01, (M,)

already from single measurement/single experiment, experimental error
smaller than world average -> need fo improve theory

28. 6.

08 A. Geiser, QCD at the HERAscale, PIC08 24




MLO+NLLA
| | —

as ( My) _ | _ _ Luisont,
: HERA-LHC

workshop

consistent results at NNLO,

scattering between
variables much reduced.

calculate weighted average
for ag (@) from 6 variables

= 6 i 1
s =) ;g Wik, WX ~3
o

el

= ag(Mz) = 0.1240 £ 0.0033

will improve further

HERA comb. 2007: 0.1198 + 0.0032 once NNLO availablel

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 25




lencouragement |

would like to express strong
encouragement to the brave theory
collegues who are engaged in such difficult
NNLO calculations for HERA

for recent progress, see e.g. HERA-LHC workshop

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 26




"res’r QCD with semi-inclusive final states \

charm and beauty production

single photon production

jZTS -> previous talk C. Royon

inclusive diffraction

exclusive VM production - talk w. Bartel
constraints on BSM physics - talk s. Gruenenda

=3 investigate validity of QCD
and validity of predictions for LHC

28.6.08 A. Geiser, QCD at the HERAscale, PIC08 27
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charm: D*/D* p- distributions

D* in Photoproduction D* in DIS
%102 L H1 Preliminary %' 10 = H1 Preliminary —e— H1 data (prel.)
S F HERA I -o- H1 data (prel.) O = HERA I HVQDIS (MRST2004FF3nlo)
2 e [ |FMNR (CTEQ5f3) g B ——— HVQDIS (CTEQ5f3)
%"10 |- ta<m <17cov - % 13 <m, < 1.6 GeV
=3 = ——i p2=mZ+p? o = H2=Q +4m;
x - T<p/u, <4 =~ ~ l<p, fu <4
% B — 05<p/u <2 2 ~ a(Kartvelishvili) = 3.3 + 0.4
| N L
T 1E == ® .1l
o F s 107 E ——
L T —_— a = 5< Q< 100 GeV?
g 1 o - 0.02<y<0.7
' E ? < 2 GeV? -
10 g ?un <W,, <285 GeV | ¢ 3 ) M (D*N <15 >
u p (D) > 1.8 GeV 10° §_
[ mo)i<15 | | | | -
10_2 1 L L L I I I 1 L L L L L L 1 1 L m 1 1 L L L L 1
2 4 6 8 10 () G1e2V] Theory scaled by g% /ot |
. P, 12 ¢ —1
ZEUS D" in DIS + I
- . St R = == e e e e
= ! | S—
QO 1 ep—oe+D +X ] -
o — .8
= ®  ZEUS (prel.) 135 pb" HERA Il | |
o) NLO +F tati n : : : ' —
= besutycontibution (RAPGAP) 2 34 5 678910
- % | TEFT *
5 ' | p.(D") [GeV]
=
S
P | ]
° =

reasonably described by
o i NLO QCD

2 1
10 i 5 6 78910 ,0  HERAscale, PICO8 28
PY (GeV)




[charm: D*/D* py distributions]

D* in Photoproduction

= .
c H1 Preliminary
= - H1 data (prel.
530 HERAI (prel.)
= [ |FMNR (CTEQ5f3)
Fa) = 13 <m, <1.7 GeV
* H2=mZ+p?
1 <p.'/p.u <4
%20 B 0.5< prlp.u <2
3 — | ———— |
10— ,_é_
Q%<2 GeV?
100 < va < 285 GeV
i p,(D*) > 1.8 GeV
o <1S | . | ‘ | ‘ |
-1.5 -1 -0.5 0 0.5 1 1.5
n(D%)
ZEUS D" in DIS
""1.4_‘\I\II\\\‘\\\\‘\\\I‘I\II|\\\\‘_
n — —
5 — ep—>e+ D'+ X ]
e 12— e  ZEUS (prel.) 135 pb HERATT |
jo—n | NLO + Fragmentation ]
% 1 - === beauty contribution (RAPGAP) |
o) | ]
0.8 —
0.6 ; 4l—l_'ll—l_|_|—‘7
0.4 }
0.2
0 -l --------- (AN R L LI Ll L L L L J- =
-1.5 -1 -0.5 0 0.5 1 1.5

aall
3 D* in DIS
2 H1 Preliminary —e— H1 data (prel.)
= . HERAII HVQDIS (MRST2004FF3nlo)
° HVQDIS (CTEQ5f3)
<
a 2
o
T ] ' *
a - '===
9 ﬁ : ] .
b I
© 1= ER 13<m,<1.6GeV
2 =@ +4m?
5<Q?< 100 GeV? o, u?;:g <4
B g:rO(ZDi{{: ?57 GeV O:(Km;wclishvili) =33x04

| L | L 1 | L |

o 12 E— Theory scaled by G, /G0,
1 ]
0.8 -
| | 1 | L |
-1.5 -1 -0.5 0 0.5 1 15
n(D*)

differences in forward region?
recheck: PDFs, fragmentation,

m,, choice of scales, ...

e HERAscale, PIC08

v

pick as example *°




‘NLO scale choice? example: Higgs at LHC |

S. Moch A. VogT Phys Le’r’r B631 (2005) 48

&0

G0

40

20

28.6.08

in prmcnpleg)arbl_‘rr'ary but
NNLO stability:

* NNLO=NLO
dono/dp = 0

N3LO stability:
* N3LO=NLO
* NS3LO=NNLO
doyLomu/dp =0

"natural” scale

|
o(pp — HFX) [pb]
| My = 120 GeV
L " IH"
O S
- -‘_"‘,:-.____l_ .
- - 4. e, -
NLO
- j;jl.ﬂappm{ LO h
——— NLO
il
0.2 0.5 1 2
Mg /My
?

NNLO/N3LO calculations,
where available, often
suggest ren./fact. scale

~ half “natural” scale for NLO
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‘ per'sonal r'emar'k: \ either dedicated scale study, or

consider to use default QCD scale py/2

for your favourite NLO cross section
predictions, including LHC,

in particular before claiming discrepancies

more details: arXivi0711.1983 [hep-ex]

some people are doing this already:

d%s/dYdP, (nb/[GeVic])
o

o .3
S 10 . . ——|y| < 0.5, Cone R=0.7
> " Ek inclusive mone T
10 = O LF . D Systematic uncertainties
, C CDF Runll Preliminary ~—e— bata b JZTS S 10s JZTS —NLO (JETRAD) CTEQ6M
E o - =
. F ~ 10 =
E —f— NLO prediction CTEQEM d: E
= © C
2 corrected at hadron level ~ 1
: P E
3 -1
103 = i = === NLO uncertainties 10 =
10" = F.‘%ﬁ 10°L  Lin=143pb
= MidPOINt jets, Ryyg=0.7, fge=0.75 === _ E
10 = B et Akl | 3
= ys = 1.96 TeV, | L ~ 300 pb e — 10 = o
10° L el Slalalatal = D@ Run Il preliminary
% IYI<D? -4 B | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1
10'7 i AN T NN T TN TN T AN T M T YT T [N T T N TN T A N T Y N AN M 10 100 200 300 400 500 600
50 100 150 200 250 300 350 400 pr [GeV/c]

P; jet [GeVic]



(dG/dQZ)trijet / (do/ doz)diiet

o (M,)

also partially at HERA (examples)

_— s
multijet-Production in DIS hew scale

ZEUS

inclusive jets approxinate

estimate (A.G.),

2
05 o 7EUS 9800 5] GT lOW Q l())( c?ce’r |calculcx’red
| Energy Scale Uncertaip Y
0.43 S CTEQ4M NL0®chad — -
el g ] S e H1 prelim. HERA-I
....... g ..... NLO
035 : e E 8 NLO*(1 +4,_)
0.3 M, jets(Msiets) > 25 GeV ~ i & {0'25 E 4*0} !'I'g
ooooooo CTEQ4 : 0.=0.122 S o rf
~...- CIEQ4:03=0.119 e ]
I hedliei f o
op . CTEQ4:ia=01D 'E 10° - alfhs
014 b) — B a
013 .
012 : ' RRAREBAAAR
i * i. ! i it g L
o " 10 10
01} _ _ 02 [Gevzl
---- Theoretical Uncertainty
- L World average: 0.1182 + 0.0027
0.09 — Ll ‘ . ] o
10 10° . | many other measurements OK with
@°(GeV) | natural scale (but also with reduced scale)
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|beauty at HERA

HERA

; 3 L L L 'b' | L DL L
S 10°F 5 do/dp,(ep—ebX)
."'g_ F Q*<1GeV?, 0.2<y<0.8, [n°< 2
- =] NLO QCD (FMN
a0 F ——  kifact. (LZ J2003 set 1) :
a f | reasonably
v 0 H199-00 b jet i 1 described
o] ¥ H199-00 b—p jet
10 § @ ZEUS 96-00 by jet 3| by
- A ZEUS (prel) 05 b—y jet 1l NLO QCD
- O ZEUS 96-97 b—e .
1 E O H197-00 b—D*u -
E W ZEUS 96-00 b—>D*u — new results TRy j alsoby
" % ZEUS 96-00 bb—pp / ......... k+ factoriz.
oL T ZEUP9e0bogiet L v v v vt v v v vy oy | approach
0 5 10 15 20 25 30
<pl> (GeV)
28.6.08 A. Geiser, QCD at the HERAscale, PIC08 33




107f
[ H1 preliminary . I h d .
=t |single photon production |
3 inclusive
P : : = -
=
o ZEUS
- 10
— : g, 1 I I I 1 I I ] I .I tl II:K: I I I I I | I |
© ep— Y oot T 16T+
° G 10 e o
| —8=— H1 HERAZ2 (prel.) o, =
| 44 FGH (NLO) © hadr. '8_ 4
B 2t (k, fact) @ hadr. i ., _
1 ! L | B = e l
5 10 15 w ZEVS TR e
E¥ [GEV] o [ HLO+had. (KZ) 0.5< pg < 2
0 ——  MLO+had (FGH) pg=t e e
; H1 preliminary ] [E=55] bk -Bot+had. (L2) 0.5cpg <2
8 . . 10 __— FYTHIAE S -
3 ...... Wlth J et : ......... I !.lEHI.WN.:I3 6]5 1 1 1 ] 1 1 1 I 1 1 1 I 1 1 1 E
2 6 8 10 12 14 16
‘wo} ¥
S| E. (GeV)
O
°
e, k factorization slightly better than
| 4 rori owor0 o NLO at low E;? else both OK
amam ZL(kT fact.) @ hadr.
1 . Lo
5 10 15 _ a4
Eyr [GeV] A. Geiser, QCD at the HERAscale, PIC08




|can Tevatron results be used for LHC? |

eg.inclusive W/Z % ' o o T
production % ,f = BT
(LHC luminosity monitor) F SR om0 ceneal e
see also talk T. Bolton 10 E I
1(15;—
!.DJ“.’/ JII' m‘*;
louw X -ﬁﬁey@s!J T
saturation F .
multiple interactions N P M-toow I
10 i
BFKL vs. DGLAP ! E "””””HHHHM “unﬂ]ﬂﬂ
=S Sfudy at HERA m'i— |||||||||||||||||||||||||||||||||||||||||||||| j

see Talk C ROYOH m_'?ll m"s 1{:-'5 1(:-4 10° 11::u21{:-L 1
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|Diffra |

HERA: example

3"x,,G,0(3)

measure

e

fac’ror'i""'l3 M

@ ([~

1 detect

¥,5=0.003

ctive structure functions

HERA inclusive diffraction

ZEUS LG [M,<1.6 GeVjxl.&7
= H1 LRG (M,<1.6 GaV)

H1 Fit B

Hi Fit B [extrapolated)

o B peoserg=n
2

.-'r E=l 04 1G]
3 _;P* (3

" !’l)i [i=0.067 (1=5)

. 050
ik ﬂ{-‘-é_ [i=0.107 {I=4)

" !'I_!"@. 5
"Hn.n—_ [i=0.167 [1=3)

. 5"_&"
dﬂ.n-n.&}- BT
B 'I'?-‘j'

T F=0.433 [1=1)
e -;*H.c-ﬁﬂ:lﬂ'i_'
R=0.887 [I0)
---------- Fﬁ*:rv:ri—f.—

[ detect 10
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Diffraction at the LH_S_

P P~ p
(gap)
g (x) § jet % %

g (B) jet }
jet M, »M,
g (p) } 1Pt }‘
J
(gap) j (gap)
= = T ‘Central Exclusive
Production’

Opporfunity to study Single and - DPDFs for backgd
Double Diffraction with and without - Unintegrated
hard scales (jet, heavy flavours, W, Z). gluon > J/¥ /Y

—> Depend on DPDFs from HERA - Gap survival models

- Also on gap survival factors! (KKMR, GLM )

.. lots of possible input from HERA!
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Meanwhile inpp(bar) .. £ ['—wre  + corum

' -~ H1 fit-3 Ey"®> 7 GeV
10-::2- ( Q7= 75 GeV”) 0.035 < £ < 0.095
’ HUQE Rescatter | [E] =00y
" p T - T s
corrections 4% withp? q¢ T N
when applying o jet E ——
L I ) -.*:
D‘PDFS- ; Gﬂp g {Ilp jEt 1 —
survival :
fﬂETDP"*‘lO (£) 0.1 — H1 2006 DPDF Fit A
(gap) "' F — H12006 DPDF Fit B
! ! PR SR TR N I | 1
" P 0.1 B 1

5 ?
e fp GS a COT"I"'T‘GI E)(p'l'. M ‘:\%ﬁﬁ:ﬁﬁaﬁr
C, jet gix)eg

Most models predict B C, jet

gap survival probability ... s et
= 1 (direct)

<1 (resolved ... e.g. Kaidalov,

Khoze, Martin. Ryskin > ~0.34) » — P P~ P
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Hi Difiractive Dijet Production [ e+ Photoprodcution:

1

w

Eﬂ H1 2006 Fit B DPDF ZEUS

A * T L T H T * ¥
= 08} . 2 L ]
E % Eﬂﬂﬂ & ZEUS 7T pe {H}
é o6l ) i _ﬁb — ZEUSLPS, GRY 2
} o ST jat .E Ell"1"'.'"-. ------- HIl 20086 i, AFGE (K QA7) =
9 E [ wrmimm Hi 2006 &, GRAY (x 087 f—————— L
g 041 400F —— HH 2006 B, GRY (x 0.67) —
E P P [ I
= 0.2 H 1 7] 200 il

T me m o ”‘”%4“&“& =

(GeV) L) N At (b)

<R 7 Eiett> 5 GeV  sug o - .
“Suppression by factor ~2" g i‘“

- ZEUS 99-00: Eett > 7.5 GeV

"Weaker suppression”
partially due to different E; cuts

(data/NLO)

ol
¥
-

=
=
hadr. comr.  do/dx

(Valkarova) 0.4 06 08 K

Xy

- Neither collaboration sees difference between resolved and

direct regions, in contrast to theoretical expectations!
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(K. Goulianos)

arXiv:0712.0604 ,
PRD to appear soon

10° | ExHuME (hadron level)
= B Default
E=r - * Derived from COF
[ & 10 Run Il o7 (E7™")
=8 ﬁ E |:| uyslemalic wicerlainly
g 1 3
T o
s=l="10"'L
5 |o = ettt e
102 . 36 2N, <58
- 0.03 {":ei": 0.08
-I,u,'a-l..I..I.....I..I..I..l
20 40 60 80 100 120 14 160

M. (GeV/c®)

curve: ExHuME hadron-level exclusive dijet cross sections vs. dijet mass

points: derived from CDF excl. dijet x-sections using ExHUME

Stat. and syst. errors are propagated from measured cross section
uncertainties using Mj; distribution shapes of ExHUME generated data.

HERA & LHC 2008 @) CERN May 26-30 Dhffractive and Exclusmve Dhjets and W/Z at CDFD K. Gouhanos 32
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Summary and conclusions
@ HERA i cr'r'enly | | -_ " i« gy |
best (?) QCD laboratory

@ Ingeneral, good

agreement with

NLO QCD, success of the standard model !

-> extract PDFs, ag, .. with great precision also F, -> this afternoon
improve understanding of how to treat specific final states

NNLO calculations in progress.

@ Currently, only small fraction of the HERA IT statistics has been
analyzed in many cases. Combination of H1/ZEUS results has started
-> towards 1 fb-! results.
-> expect significant further improvements over next two years

@ many of these improvements relevant for physics at other
colliders, in particular LHC
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