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HERA: End of high energy run

LHC

Proton —< Proton

oSt 0T wener 20.3.2007: The HERA high
- energy run data are “in the can”
E 300 - e+p e_p

E,u HERA I 120 pb-1 | 16 pb-1

= HERATII = 190 pb-1 170 pb-1

lm =

H1+ZEUS together ~ 1fb-1

° = T i => What can we reach in precision?

Days of running
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From HERA to LHC in a nutshell
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HERA proton PDF --> LHC W production

Prediction using ZEUS-S-PDF

'‘Lumi’ process
for LHC
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U=u+c+b
D=d+s

HERA observables and Proton PDFs

e+p and e-p NC and CC inclusive cross sections:

g
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U|4U+U)+(D+D)|2U-U)+(D-D) |U+(1-y)*D | U+ (1-y)°D
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HERA weak points: dbar-ubar asymmetry, s
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H1 PDF2000 and H1 PDF-Final

H1 PDF 2000

Datasets Q* [GeV?] | L[pb']
NC etp 96/97 1.5-150 2-20
NC/CC etp 94-00 >150 100
NC/CC e-p 94-00 >150 16
BCDMS-p and D 7.5-230

0.9 o E=——" H1 PDF 2000 ) 5

Q=10 GeV

05 [
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xg(x0.05)

H1 PDF-Final
Datasets Q? [GeV?] L [pb']
NC MB99/SVX00 0.2-8.5 0.5-2
NC e+p 00 10-150 28
NC e+-p 03/07 ~20-150 350
NC/CC et+p 03-07 >150 190
NC/CCep 0307 | >150 170
DIS jets 94-07 >150 470
vp dijets 94-07 0 470
Something

extremely nice

=> Many systematic challenges, but still
also some statistical limitations




xF3 and valence quark densities
e+ e f; / Results shown at ICHEPO6 with

partial HERA II statistics

’Y '!-“‘ .
, 7 Hlprelim-06-142 1y 7FUS Combined (prel.)
0.8 ! 2
q q Q'=1500 GeV
— H12000 PDF
0.6 ) --.- ZEUS-JETS PDF
p P

vZ interference flips sign
when e+p -> e-p

xF3 ~ o(e*p) —o(ep)~ 2uy+d,

10 0" 1
X

=> ~80% more e+p data and 50% more e-p data still
to be added -> expect ~30% stat. improvement
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QCD fit prospects

Assumptions:

Study by C. Gwenlan, A. Cooper-Sakar,
C. Targett-Adams, HERA-LHC proceedings

=> 700 pb-! Lumi at HERA II =% reached by combining H1+ZEUS

=> Only statistical improvements, no systematical
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HERA F,

x=6,32E-5 x=0,000102

x=0.000161

< /7 x=0,000632
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—— ZEUS NLO QCD fit
—— H1 PDF 2000 fit
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published 96/97 data

2-3% precision reached with

HERA Experiments:
[ H1l 1994-2000
ZEUS 1994-2000

Fixed Target Experiments:
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=> Is this the end of the story?
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> : ) H1 & ZEUS
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Analysis of H1 2000 Data

H1 published 96/97 data:

A

) NE HERA Experiments:
Q X y o R R ﬁt.(”/\ Sta. Uncor. Com [E:\ 6 Ehad Noise yp ~;104 o s
25 00005 0553 1345 0248 1417 / 2.41\ 104 181 121 H041-037 025 004 -04f ‘:ij‘fd;‘fff’ﬂ”’”"“"”’
25 00008 0346 1242 0243 1263 [ 194 | 067 162 085 [-06|-06 004 002 -007 10 e KD
25 00013 0213 1091 0238 1007 | 178 | 066 136 093 [064 069 0 0 0 " H100 .
25 0002 0138 0985 0236 0987 | 289 | 076 143 24 |178|-07 017 134 0 102 ”|’||||||||I|||nw
25 00032 0086 0879 0234 088 | 278 | 079 146 223 | 18 |RF 08 0% 0 .|||I|||||||||||||““““I‘| 0 .{%g
25 0005 0055 0754 0234 075 | 238 | 085 149 164 |1.01 |0, 103 0 0 || |,!gu;1\\<‘§:§\\\§sf
25 0008 0034 0663 0234 0663 | 252 092 154 178 |1.41]-0. 08 0 HHHH k\\.\\\\\\\\\\
25 00158 0018 0547 0226 057 \371] 085 149 329 |136/-088 -24N 142 0 ] ,,”|||||HH "\\‘\\\%\\\\\
25 005 0005 0447 0148 0447 \754 128 335 664 099 -068 -328 ¥& 0 ot

0" u@b/
Estimated precision for H1 00 data: ¥

107° 107 107 107 107 107" |

2 .

C x y o R F Toif)\ S Uncor Cor [E\ & Ehad Noise p Estimated scattered electron

25 00005 0403 1301 0261 1.449 / o.ss\ 047 063 0.41( 0.19\ 021 02 015 013 energy scale error:

2% 00008 0308 1251 0261 1268 [ 091 | 043 062 o051 0:|or 002 004 0

2% 00013 049 1138 0248 1143 | 094 |04 062 056 045|033 003 002 0 3 GeV | 27.6 GeV

2% 0002 0128 1041 02% 1042 | 09 o045 062 0| 013 loss 003 005 0 96/97 | 2.7% 0.3%

2% 00032 0077 0842 0254 0843 | 142 | 05 03 17| 074 [0z o017 08 0

% 0005 0049 0745 0243 0745 | 147 |05 083 083 059|048 025 033 0 00 1.0% 0.2%

2% 0008 0031 0667 0225 0667 | 122 | 05 064 087| 043]035 066 009 0

5 0013 0019 058 0214 056 | 202 085 086 18]067[05 14 065 0 | =P : - ol
| Ics!

2% 002 0012 0569 0158 0569 085 071 566|083 052 351 433 0 Hard work to mprove systematics

2% 0032 0008 0553 0065 0553 136 088 1052 \097 064 386 97 0 Reduce F; errors by factor up to 2|




Electron energy scale control

hadronic
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=> Within 1% over full range
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Gluon density determination

Gluon

dFy [din(Q*)

Jet cross sections
Fy

Iy,
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Gluon density from F» scaling violations

dF>

aanz ok acs(Qz)xg(x, QZ)

X

N 40.CeV?
\\‘ 10\66\/5\\ ®0AA H1 96_97
PR ‘ QCD fit (H1)

N 5'GeVR
Q% = 3 GeV*,

=> More precision desirable,

expect significant improvements,
e.g. from analysis of H1 2000 Data

H1 Collaboration
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QCD-COMPTON
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Gluon from jets
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=> At high Q2 and/or E+ HERA II jet data will

remain statistically limited
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o determination from Jets

Expect ~70 k inclusive jets 0-5
Estimated final H1 exp. precision 041 2: ,E?;ﬁ)?]“&ﬂ{l‘;f::; ]
for ag(mz) from incl. jets:
+ 0.0004 (stat.) 0.3 |
+ 0.0030 - 6(had.Escale)/4%
\ Syst. limited datapoints 0.2 |
« (.25 HERA
:\ * } Old results : ﬁBI:US 0.1}
. _ i%} % } i I 1 10 Q [Gev] 100
015 |- ! Statistically
: i‘i" : %}‘/ limited Final HERA points will be more

[ = QCD
01 - o (M,) = 0.118 £ 0.003

10 10

precise up to factor of ~2
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F e x 4

=> D*, D+, etc.
€ 9 Displaced tracks

4 x=0.0002
: i=3

~. x=0.0005
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» H1 Data
v H1 Data (High Q%)
o H1 D*
a ZEUS D*
—— MRSTO04
------ MRST NNLO
CTEQ6HQ

10

HERA I: H1 displaced tracks:

Q2 [GCVZ] Ostat Gsys Oiot
25 ~6% ~8% | ~10%
650 ~22% | ~15% | ~27%
HERA TII Projection:
Q2 [GeVZ] Ostat Gsys Otot
25 ~3% ~4% | ~5%
650 ~10% | ~10% | ~14%

+ ZEUS!
+ D* tagging

=> Enter 'Sub 5% precision era'
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Fee x4

10

10

e H1 Data
| v HI Dyta (High Q 3
10 — =T x=0.032
—— MRSTO4 4 1=0
------ MRST NNLO
CTEQG6HQ
p)
10
2 3
I 10 10 0,
Q? /GeV?

Gluon density from Fzcc alone

° — 25
s
2
\| Q=46eV2 == Q2=1000 Ge\?
| —— xg from F2c fit 2004 — xg from F2¢
---- xg from H1 fit 17.5|! ---- xg from H1 fit
15
12.5
R Error band :
\ 10
\ 7.5
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x

NLO DGLAP fit, experimental errors only, by K. Kutak

=> Relatively precise :-)

=> However, g(x) from dF2/dInQ2 is
factor ~6 more precise

=> Crucial consistency check
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LHC luminosity monitor: ZO production
=> gg -> bb ->Z0is 5% contribution
=> Must be known at 20% for 1% accuracy

HERA I: H1 displaced tracks:

[ole] | T i
X
]
e
10} A4 E
f x=0.002
10 & v
x=0.005
l - —
x=0.013 |
il 1
10 | .
C e H1 Data
= ZEUS (prel.) 39 pb’’ x=0.032
------- MRSTO04 '
10 -2__ —— MRST NNLO __
S CTEQ6HQ
e HVQDIS + CTEQ5F4
10 L . =
10 10” 102 5
Q” /GeV

QZ [GeVz] Gstat Gsys Gtot
25 ~20% | ~20% | ~30%
650 ~40% | ~25% | ~50%
HERA IT projection:
Q2 [GCVZ] Gstat Gsys Gtot
25 ~10% | ~10% | ~15%
650 ~20% | ~20% | ~30%

+ ZEUS!
+ other tagging

=> 20% goal seems reachable
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Assembly of final HERA PDF (H1 & ZEUS)

Valence quarks:
H1 & ZEUS ~1fb-1 high Q2 NC and CC

0.4 ¢ 7 0.6 7

03 Al b :

0.2 |t ] Gluon at mid to high x:

0.1 ; ; ) 5 1 o . o

ol (N i High pt jets at in DIS and
0.1 | 0zl £ photoproduction
0.2 ¢ E r ]
03 = 1000 GeV? 7 vAar :
-0.4 : 4 3 2 1 : 0.6 - 4 -3 2 1 -

10 10 1y 10 1 1 10 - 10
0.4 S 7 hAr
FoX ] F Xg

03t ERR A Focc, Fobb and F| measurements:
0.2 [l ZEUS-JETS fit ERL -2 HERA-TI projection g . .

01 1 el i Effect in global PDF fit rather

o ER: E marginal but provide important
-0.1 =N = = .
Py ‘ ERON3 ..( : constraints for theory treatment
03 10t : of heavy flavours and gluon
% 0 107 10 %111;‘. 1‘30'?4 10 107 1072 10" 1

Sea and gluons at low x: Further Improvements (not shown here) from inclusive low Q2 data:
=» H1 2000 data (~28 pb-1) - F, improvement up to factor 2

=> 300 pb-1 HERA IT Q220 GeV2 on tape, extreme systematic challenge
> H1 & ZEUS weighted average of 96/97 data-> Reduce dramatically the systematics



The hadronic final state:

A wealth of information on the proton and on QCD

to be revealed with the new HERA II data:

* Diffraction:
- DVCS: access to transverse degrees of freedom in proton
- High precision diffractive PDFs -> predictions for LHC
- Vector mesons at highest t -> Test of BFKL dynamics

* Jets and particles:
- Dijets: How well can we determine ‘intrinsic kt' of gluon in p?
- Multiple interactions/underlying event: Potential to

tune models for LHC with HERA data?
- Identified particle spectra and fragmentation

21



Conclusions:

=> 20.3.2007: End of the HERA IT high Ep run,
yielded ~360 pb-1 per experiment
H1 and ZEUS have collected together ~1 fb-1 good HERA data

=> Now write the "HERA handbook"” of
Highest precision proton gluon and quark densities
(improvements at hand often factor ~2, sometimes much more)

=> Complete the HERA mission: = nm*‘ml o
Low Ep, data are taken now for
direct F measurement
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