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The HERA Collider Experiments
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H1 Integrated Luminosity / pb

HERA: Final Integrated Luminosity

Status: 1-July-2007
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Kinematics
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The Structure Function F:

Unpolarized e*p NC cross section:

A2

Y. FY aFy —y°Fy

with Y, =1+ (1 —y)?

Fy o< » (q+q) : dominates cross section
rF3 oy (¢ —q) : contributes at high Q
Fr, o< agg(z, Q%) + contributes only at highy

Four-momentum Bjorken-x: Inelasticity: 5
transfer: 2 N pq Q
Q° = —(k — k ) Yy = ZE — E




A DIS-Event in the Detector

Q? = 4E.E.cos?(8/2) 2
y % 1- E./E. High y

X = ..

_ = . Scattered Quark i.e. low e*-scattering Energy E'
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i.e. large 6

+ combined data 1
4 & combined fits

i.,e. small ©6




Low Q°



Special Experimental Techniques

H1: shifted vertex collisions, initial state radiation (untagged ISR)
ZEUS: low angle calorimeter & tracker (BPT), tagged ISR

smaller

Shifted Shifted IP scattering

Vertex
Nominal IP

e

. also:

Radiative events ISR

Low angle detectors

smaller cms-energy
E. - E. - E, smaller

X scattering angles




Recent Low Q? Results

| H1 Preliminary
e SVX' 00,MB' 99,MB' 97 comb.

H1 Data: o +

Min Bias '97 [publ.]
Min Bias ‘99 [highy]
Shifted Vtx ‘00 [low Q?]

Combined
Precision: up to 1.5%
[for Q%> 5 GeV?]




Recent Low Q? Results

W=285Gev H1 preliminary

H]- DC(TC( fi” gap ; w2605V L ; — Fractal Fit

in transition region |

Agreement with ZEUS | e

. . { W=80Gey
in regions of overlap werocsy
7] x64

1 w=s0Gev
. x32
1 w=aogev
— x16
W=30GeV

-] x8
1 w=2sGev
x4

1 w=16Gev
n x2

Comparison to

phenomenological models

. E e H1 MB’99, SVX’00, MB’97 b.
[here: fractal fit] 1. evser o
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Recent High y Measurements

ZEUS Pr'ellmmar'y
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Recent High y Measurements

zQt dfo
H1 Preliminary - 27a?Y, dzdQ?

® H1 HERA-II prelim 9

i i Yy
A H197-00 prelim + — F2 L _FL
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FL: Indirect Determination

Extrapolate F2 and

determine F_ via: F. ~ F2 - 0. Measured

X-secC.

[Drawback: Requires assumption on F2]

H1 Preliminary

e SVX'00,MB' 99 MB' 97 comb.
— F, Fractal fit (R=const) ¢

Ored
@ fixed Q?

-4 -3 logio x

FL @ low Q2

Extraction via:

- Yy
Ofit — CT A—y—FL

_|_

Q? [GeVv?] "

[shape methode]




FL: Direct Measurement

Reduced Cross Section: )

Ored — FZ(:Ca QQ) — ;{—_FL(ma Qz)

_|_

Cross section measurements
at different y-values ...

Q° = sxy

.. at different beam energies ...

F> — Fp,

i.e. due to

€L, Q27 yl) — O-l’ed(xv Q27 y2)
Y22/Y2,+ -~ Y12/Y1,+

Py, @) = 7=

w End of HERA II: Low energy runs @ 460 & 575 GeV




Reduced Cross Section

Reduced
Cross Section ZEUS Prehmmary

Q=24 GeV? 1 2= 32 GeV? P Q=45 Gevz' ZEUS Data @
‘ 1 Ep =460 & 920 GeV

— ZEUS (prel.) N Lowest E. =6 GeV

I+ =225 Gev (14.0pb™) | .e. Ymax ~ 0.8
1 ° Ns= 318GeV(328pb1)_
' :::::4\:; — '

T T T TTT II| T |
N Q=110 GeV” |

I ZEUS-JETS ]
I ___.ZEUS-JETS (FL=0) :

103 102 X —>»




Longitudinal Structure Function ..

Longitudinal
Structure Function

ZEUS Preliminary

Q’= 24 GeV?

T T
Q’= 32GeV?

o ZEUS (prel.)

| — ZEUS-JETS

~\ls = 225 GeV (14.0pb™) -
T\s =318 GeV (32.8pb}) T

T
Q’= 45GeV?

I T T II::::' : : T
Q’= 110 GeV?

102

107

ZEUS Data @
E, = 460 & 920 GeV

Lowest E. = 6 GeV
l.e. Ymax ~ 0.8

Future

Improvements:

extend to highery
incl. Ep=575 GeV data




Reduced Cross Section

[\ Q%=20GeV? [ ' Q°=25GeV I
> Tt Ay | HI Preliminary
LNy
NG
T~ 575 GeV &
Q? £ 90 GeV? = 920 GeV
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Reduced Cross Section

Q*=35GeV?
x=0.00081

T

Q*=35GeV?
x=0.00065

———
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Q%=45GeV?
x=0.00084

Q%=45GeV?
x=0.00093

T

Q%=45GeV?
x=0.0011

.

Q%=45GeV?
x=0.0012

~

Q*=60GeV?
x=0.0011

Q%=60GeV?

I
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x=0.0012

Q%=60GeV?
x=0.0014

T

Q%=60GeV?
x=0.0016

Q%=90GeV?
x=0.0017

+ \:

:

Q%=90GeV?

E\ixio.omg

.

Q%=90GeV?
x=0.0021

Q%=90GeV?
x=0.0024

= SpaCal E =920 GeV

* SpaCal Ep=575 GeV
LAr E =575 GeV
LAr E =460 GeV

— Linear fit

H1 Preliminary

Ep &
575 GeV &
= 920 GeV

Linear Fit

F2: from intercept
FL: from slope

ye/Y.
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Longitudinal Structure Function

H1 Prellmlnary F

Q% =12 GeV?

Q% = 35 GeV? ] Q2 = 45 GeV? E Q? = 60 GeV? 3 Q% = 90 GeV?

Q2= 110 GeV? 3 Q2 = 150 GeV? ; Q% = 200 GeV? F Q2 = 250 GeV?

Q? = 300 GeV? ] Q? =400 GeV? T 3 02 =500 G.ev2 E Q2 = 650 GeV? l

Q* = 800 GeV* 10 102 10" 10® 102 10" 10° 102 10"

® H1 (Prelim.) .
E, = 460, 575, 920 GeV 66 Bins

—  H1 PDF 2000 for Q%> 10 GeV?




x-Averaged F_

H1 Preliminary FL

e HI1 (Prelim.)
E, = 460, 575, 920 GeV

— H1 PDF 2000
CTEQ 6.6
-~ MSTW

Consistent
with QCD

Extension to
lower Q2 planed

Medium Q? data
published




x-Averaged F_

® H1 data
E, = 460, 575, 920 GeV

— H1 PDF 2000
CTEQ 6.6
-~ MSTW 07

Consistent
with QCD

Extension to
lower Q2 planed

Medium Q? data
published




High Q°

Polarized NC and CC Cross Sections
Electroweak & QCD Fits
Combined HERA I Data




Polarized NC Cross Section
ZEUS ZEUS

P= +O3

® A*ZEUSNC e'p (24 pb™)
® A ZEUSNC (prel.) ep (177 pb™)
e ZEUS NC (prel.) A* SM (ZEUS-JETS)
+
ep

e'p (71.8 pb) —— A" SM (ZEUS-JETS)

—— SM (ZEUS-JETS)

P, = +0.30
L1

10°

e ZEUS NC (prel.)
e’p (105 pb™)
—— SM (ZEUS-JETS)
P. =-0.27

Asymmetrie:

4t 2 o= (Pr) — 0% (Pyp)

PR—PL.O':E(PR)ﬁ—O'i(PL)

| | | L1 1111
103 | | I I | | | | | I I | | | |
10° 0t )
. T T T T TTT] Q (GeV )
L e ZEUS NC (prel.)
SM (ZEUS-JETS)
P, =+0.30/P,=-0.27

-0.27)

e_

Parity violation
in NC at high Q¢

e

o(P_=+0.30)/ (P




Polarized NC Cross Section

H1+ZEUS Combined (prel.)
e'p-Lumi: H1: 47 pbl; ZEUS: 24 pb'!
e’p-Lumi: H1: 98 pbl; ZEUS: 122 pb!

H1 2000 PDF
ZEUS-JETS PDF

3
10




Polarized CC Cross Section

Charged Current e"p Scattering
I I I | I I I I | I I I I | I I I I
ep—vX
e H1 2005 (prel.)

© H1 98-99
A ZEUS 04-05 (prel.)-

A ZEUS 98-99 |

e'p —vX _
® H1 99-04 7
A ZEUS 06-07 (prel.)
A ZEUS 99-00

CTEQ6D

Extrapolation:
MRST 2004
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Q2> 400 GeV?
y<0.9
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H1: Occp-1 = -0.9 £ 4.5 pb
ZEUS: Occp-=1 = +0.8+bH.9 pb

[Preliminary]
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Electroweak & QCD Fit

rrrrrme T T LR LR
. Neutral current:
NC LS

’ + T
[total/electrom.] . O'j: — O-NC,O T PeUNC,P

em

= f(q,3 EW couplings)
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Q° (GeV?)

~
S

Use polarized NC and CC data to simultaneously
determine PDFs and quark couplings vy, v4, ay, ad




Electroweak & QCD Fit

T T T T T \‘
Q*=10
ZEUS-pol (prel.)

(M, )=0.1180

S total uncert.

ZEUS-JETS

GeV?

ZEUS: new PDFs
including polarized data

ZEUS-pol: new fit
ZEUS-jets: old fit

uy uncertainty reduced
at high x and high Q°

improvement up to
large Q2 req. @2 = 10000 Gev?]
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Electroweak & QCD Fit
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. Xg

_ [ ] ZEUS-pol (prel.)

ZEUS: new PDFs
including polarized data

ZEUS-pol: new fit
ZEUS-jets: old fit

uy uncertainty reduced
at high x and high Q°

improvement up to
large Q2 req. @2 = 10000 Gev?]
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Electroweak & QCD Fit
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ZEUS: new PDFs
including polarized data

ZEUS-pol: new fit
ZEUS-jets: old fit

uy uncertainty reduced
at high x and high Q°

improvement up to
large Q2 req. @2 = 10000 Gev?]




Electroweak & QCD Fit

ZEUS

Electroweak
couplings vy, ay

ZEUS-poI-vu-vd-au-ad-PDF (prel.)
Bl total uncert.
uncorr. uncert.

H1 prel. (HERA I+l 94-05)
//)
(‘t)

*x SM
— CDF
68% CL LEP

Rem.: larger uncertainties for vq, aq
due to lower sensitivity of NC to d-quarks

Limits competitive

HERA results
resolve LEP ambiguity

-1 -0.5 0 0.5

a,



Combining Data




HERA I Combined Cross Section

HERA I e"p Neutral Current Scattering - H1 and ZEUS

x=0.002 + + BC(SC.d on
. ﬁ N published HERA I Data
o Hle'p
¢¢$ H1 NC min. bias
H1 NC low Q2
H1 NC 94-97, 98-00
H1 CC 94-97, 98-00

ZEUS NC 96-97, 98-00
ZEUS CC 96-97, 98-00

e’p & e’p data
@ 820 & 920 GeV

HERA Structure Functions Working Group




HERA I Combined Cross Section

HERA I e"p Neutral Current Scattering - H1 and ZEUS
x=0.002 + ﬂ BC(SC.d on
By HERA L (el published HERA I Data

Method:

Move all data
to common x-Q? grid

Correct for different
beam energies ...

Calculate average
values using y2-Method
Key assumption:

H1 & ZEUS measure
same cross section

HERA Structure Functions Working Group




HERA I Combined Cross Section

HERA 1 e'p Neutral Current Scattering — H1 and ZEUS

Uncertainties
greatly reduced
[Statistical & systematic]

e HERA I (prel.)
O ZEUS
O HIl1

Good agreement with
H1 and ZEUS PDF Fits

—— H1 2000 PDF
——  ZEUS-JETS

HERA Structure Functions Working Group




HERA I Combined Cross Section

HERA 1 e*p Neutral Current Scattering - HI and ZEUS

x =0.000032, i=22
x =0.00005, i=21

[ ]
[ o ®&® .
x = 0.00008, i=20
R x =0.00013, i=19
1 P x = 0.00020, i=18
X =0.00032, i=17

x =0.0005, i=16

x =0.0008, i=15

M x=0.0013,i=14
W x =0.0020, =13

W

x =0.008, i=10

x =0.0032,i=12

.W x =0.005,i=11

® HERAT (prel.)
O Fixed Target

—— H1 2000 PDF
— ZEUS-JETS

0.013,i=9
x=002,i=8

x =0.032,i=7
e x=005,i=6

x=0.08,i=5
x=0.13,i=4

x=0.18,i=3

v ﬁ\I\E x=025,i=2

x =0.65,i=0

5

Q% GeV?

HERA Structure Functions Working Group

Uncertainties
greatly reduced
[Statistical & systematic]

Good agreement with
H1 and ZEUS PDF Fits




HERA I Combined PDF Fit

H1 and ZEUS Combined PDF Fit

=0.000032, i=22
s 0.000105, i=21 ® HERA Ie™p (prel.

o , )
oo X=000008,i=20 O Fixed Target
x =0.00013, =19
P x =0.00020, i=18 [ 1 HERAIPDF (prel.)
.,r*”’"“ x =0.00032, i=17
M x = 0.0005, i=16
N x = 0.0008, i=15
x=00013,i=14
M x =0.0020, i=13
W x =0.0032,i=12
W x =0.005, i=11
x =0.008, i=10
x=0013,i=9
x=002,i=8
x = 0.032,i=7
x =0.05,i=6
x =008, =5
x=0.13,i=4
x=0.18, =3
x=0.25,i=2

10 10° 10° 10 10°

Q% GeV?

April 2008

HERA Structure Functions Working Group

New PDFs
with reduced errors

Fits performed at NLO
[using DGLAP & ZMVFNS]

* Q2min = 3.5 GeV?
- v2/ndf = 476.7/562




HERA I Combined PDF Fit

H1 and ZEUS Combined PDF Fit

- @*=10GeV* |

April 2008

New PDFs
with reduced errors

HERA 1 PDF fit (prel.)

B mrsto1

Fits performed at NLO
[using DGLAP & ZMVFNS]

* Q2min = 3.5 GeV?
- x2/ndf = 476.7/562

HERA Structure Functions Working Group




Summary

Low Q?: shifted vertex and min. bias data;
gap in transition region filled.

High y: Direct & indirect F. determination;
sensitivity to gluon density.

High Q2 New polarized cross sections;
combined EW & QCD Fits

Data combination: H1 & ZEUS NC/CC data;
reduced uncdertainties; combined PDF fits.







Backup Slides



H1 Data Combination

combination of data sets requires a proper handling of
systematic & statistical errors.

Ave

Let A’ a set of cross section measurement, then A is obtained:

AR AR o<’.‘
oo ! 2
| )

PN Y e ROINP et
A

(o
2
O-(xk
j

*Input. | + QOutput:

True
o AT,

AT T« .
/uncertainty on the source

J .
shift on the uncertainty

sensitivity to syst  stat+uncorr uncertainty of the source




Combining H1 & ZEUS Data

| |:Mi,truc_ (Mz + Z TA@] )] Aof
ngp (Mz,true7 A()é] ) — Z 5 T Z > J

i 0, J o

M measured central values

o statistical and uncorrelated systematic uncertainties

2

j correlated uncertainty

OM*
8043'

O
sensitivity of the data to to the systematic source |

MY fitted H1-ZEUS combined H1-value
OM’

o Acy; fitted shift of the i data due to the j sys error source
j

It’'s a cross calibration of the correlated systematics between different
data sets. If Ao, = 0. it coincides with a standard average




Combining H1 & ZEUS Data

XeXp (MZ> 1“ue7 A&J) - Z ( Mi,truej )
' O,

MZ

M'L

Normalisation is clearly relative (multiplicative).
Are the other systematics errors additive or multiplicative ? Debatable !

Impact is mostly negligible, except at very large Q? and x where
statistical errors and fluctuations are the largest.

At that stage : an additional uncertainty has been added.




FL: Indirect Determination Methods

Reduced Cross Section

Q* = 25 GeV?

® H196-97
A BCDMS
B3 QCD Fit (H1)

10>

B Datfa sensifive af highest y only

B Direct measurement requires data
at different s — lower E, runs

B Indirect defermination at high y

» Derivative method

doy R 202 —y)
dlny|p  dlny|m 2

Fr

Derivative dominated by F; ferm at highy

» Shape method

Shape driven by kin. factor rathen than F;




