M easurement of DIS Cross Section at HERA

Sasha Glazdvfor H1 Collaboration
1 Deutsches Electronen Synchrotron (DESY), Notkestrasse 85, Hamburg, Germany 22607

This paper presents recent measurement of the inclusive DISs®osen performed by the H1 and ZEUS
collaborations at the HERA collider. We discuss relation of the HERA resuttstihe upcoming experiments
at LHC. Importance of the planed measurement of the longitudinal psitacture functiofr_ is commented.
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I. INTRODUCTION
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Atlas and CVB

E Atlas and CMS rapidity plateau
Deep Inelastic Scattering (DIS) always played an important 107k DO Central +Fad. Jets
role for understanding of the proton structure. The firstlites
obtained at the SLAC electron beam in the 60s lead to devel- 10°%-
opment of the parton model which later evolved into the mod- g
ern description of the strong interactions via QCD. Further g
experimental data based on muon and neutrino beams allowed  194L
to extend the measurements to larger negative four momentum
transfersQ? and smaller Bjorkencand also to perform quark 103;
flavor decomposition. i

An important milestone for the proton structure measure- g
ments was the start of operation of the HERA collider located 10 ¢ H ,,,,,,
at DESY, Hamburg. HERA provides 920 GeV protons col- - MHHHHHHH‘ R
liding with 27.5 GeV electrons leading to a large center of 3 e |||| -
mass energy of the collisiongS~ 330 GeV. This large en- 107k wmuw””
ergy leads to a wide coverage @ andx, thus allowing de- B gkl el il el
tailed tests of the QCD evolution and of the QCD validity for 10 10 10 10 10 10 10
the high parton density lowregime.

While the parton dynamics and properties of the strong in-FIG L i _ ¢ the DIS and coliid )
teractions are fascinated topics by themself the knowledge "'©: 1+ Kinematic coverage of the DIS and collidpp experi-
. . ments. Forpp colliders, the interacting quarks Bjorkea,x, are

the proton structure has an important auxiliary value fer th

- . elated to the masM of the Drell-Yan pair and its rapidity as
studies of the physics beyond the standard model based on the P Py

i . . > = M/+/Sexp(+y) whereSis the center of mass energy squared
future pp collider. In particular, measurement of the Higgs for the experiment.

boson production at LHC, for light Higgs boson masses, is

determined by the proton structure for low~ 0.01. For this

kinematic range, the Higgs boson is produced predominantlyynctions:

via gluon-gluon fusion making precise measurement of the
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gluon density an extremely important task. dzo’g‘gp 202y, 5 Y2 . Y )
For low x, the gluon density at HERA is measured using gydq? ~  xQ? (FZ(X’Q ) - ZFL()@Q )£ ZXE?(X’Q )>
scaling violation for the~ structure function. Alternatively, (1)

the gluon density can be determined using the longitudinalvherea = 1/137 is the fine structure constant anig inelas-
structure functior_. F_ allows for not only improved preci- ticity calculated ay = Qz/Sx andY, =1+ (1_y)2_
sion of the gluon density but also provides an important£ros  The main source of information on the proton structure
check of the standard QCD picture for lowdynamics. A comes from thé~, structure function. In the parton model
measurement df. requires operation of the HERA collider s proportional to a weighted by electric charge singletrjua
at sufficiently different proton beam energies. A dedicédited density,F> = xy eg(q(x) +q(x)), the same relation holds to
A measurement HERA run at reduced proton beam energy il orders in QCD for so-called DIS scheme. Thestructure
planned in 2007, for the last three months of the HERA operfunction has a leading contribution to the DIS cross section
ation. across the kinematic plane and thus can be most easily ex-
perimentally accessed. The other structure functionsliysua
don’t complicate extraction df, from the DIS cross section;
for y < 0.35 contribution ofF_ is negligible andkF; becomes
significant only at highe®?.

The structure functiomFs arises fromyZ interference. At

The unpolarized Neutral Current (NC) double differential leading order QCIXFs is proportional to a non-singlet quark
DIS cross section can be expressed in terms of three steuctudensity xFs = x5 2eq4aq(0(X) — q(X)), hereaq is the axial cou-

II. STRUCTURE FUNCTIONS, PDFS, AND LHC



pling of the quarks t&. The structure functiorFs is signifi-
cantly more difficult to measure experimentally. The stoet
function can be accessed by measuring charge asymmetry of
the DIS cross section for charged lepton beams at @gbr

by using neutrino beams.
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The structure functiof vanishes in leading order QCD
for spin 1/2 quarks. This property, known also as Callan-
Gross relation, played an important role for establishimeg t
nature of the partons. In NLO QCB_ acquires non zero
value; for lowx F_is mostly determined by the gluon density
g(x). MeasuringF_is a challenging experimental task. The
structure function has a significant contribution to thessro
section only at high inelasticity, which corresponds to low
scattered electron energy and thus prone to large backgroun
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At highy for a fixed center of mass energy, the measured DIS
cross section can not be unambiguously decomposed=into . fi‘;f‘““‘“‘“‘““"!" seeesaty g b
andR_ structure function, the decomposition can be achieved E ’ ) poeestey g
by comparing the cross section measured using different cen T b iy
ter of mass energies.

The proton parton distribution functions (PDF) are deter-
mined in the QCD fits to the cross section data. To separate
different quark flavors, Charged Current (CC) DIS cross sec-
tion data and data on lepton scattering off the deuteron are
used along with NC data for the proton.

The QCD factorization theorem states that the quark den-
sities can be used universally for other proton scattering
processes such as Drell-Yan pair production. The QCD _ )
Qz evolution, now known to Next-to-Next-to-Leading Order FIG. 2: Structure functioff» as a function 0Q2 baseq on HERA-I
(NNLO) [1], allows to calculate the parton densities for a Mmeasurements of H1 [2, 3] anq ZEUS [4] collaboration compared to
givenx for higher values of2. Therefore, PDFs determined results from fixed target experiments BCDMS [5] and NMC [6].
in DIS experiments can be used for precise predictions of the
production cross sections pp colliders, for example LHC.

Figure 1 shows kinematic coverage of the fixed target pINMC [6]. o _ _

experiments and HERA compared pp colliders, Tevatron ~_ The precision achieved for the, data in 00005 0.05

and LHC. While LHC extends the range greatly towards lowBjorkenxrange is about 2 3% which leads to about 5% PDF

x for low Drell-Yan pair masses, for th& andZ bosons pro-  Uncertainty on th&V, Z production cross section at LHC[13].
duction M ~ 100 GeV) and for the central rapidity range of 10 improve precision, further analysis of I(I\}?_< 100 Ge\{z_

the detectors|y| < 2.5) the Bjorkenx range (00005— 0.05) HERA-I data is in progress by H1 collaporatmn. In gdd|_t|on,
is fully covered by HERA. Furthermore, HERA covers com- & bett_er understanding of the systematic uncertaintieess p
pletely thex range for a light Higgs bosoM, ~ 128 GeV), sible if H1 and ZI_EUS data are compared and combined in a
which in the Standard Model is predominantly produced viacommon dataset in a model independent way. A procedure for
gg fusion with the top quark in the loop. Measuring the ratioth's_ comblnatlon has been developed recently [7], the combi
of the Higgs taZ production rate experimentally and using the Nation is now under study by the two collaborations.

HERA based predictions for theand Higgs rates, it is possi-
ble to place strict limits on certain scenarios of non-stadd
Higgs productions.
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IV. NEW RESULTSFROM HERA-II

During the shutdown in 2004 2003, HERA underwent
an extensive upgrade aimed to increase the luminosity and
also provide longitudinal polarization for the electrorabe
using spin rotators. Since 2003 HERA resumed the oper-

Most of the information on the proton structure function atation and experiments started to collect new data (HERA-
low x comes so far from the data collected at HERA in 19921l period). Significant increase in the luminosity will even
2000 running period (HERA-I). Most of the structure functio tually allow to improve precision of the structure function
analyses for this data sample have been finalized, for exanfer high Q? > 1000 Ge\?, corresponding data analyses have
ple Figure 2 shows a summary of the structure function started but detail studies of the systematic uncertaintitts
measurements by H1 [2, 3] and ZEUS [4] collaborations atake more time before the data become ready for the publica-
HERA and also by fixed target experiments BCDMS [5] andtions. For now the first new results are based on new features

1. SUMMARY OF THE HERA RESULTSFROM HERA-I

PERIOD
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Figure 3 shows the first results on the total CC cross sec- Q" (Gev)

tion polarization dependence which are published or rekbas

as preliminary by the H1 and ZEUS collaborations. The ab- ) .

sence in the SM of the right-handed CC interactions reqUIreEIG 24 Polarization dependence of the NC cross section as a function
- = > ) . of Q¢, measured by H1 and ZEUS collaborations.

vanishing of thee™ p ande™ p cross section for the right and

left handed polarized leptons, respectively. One can sate th

H1 and ZEUS data are consistent with each other and con-

firm the expectations of the SM. This measurement provides

the first direct determination of the polarization depemden 5. clearly visible for the combined H1 and ZEUS measure-
of the CC cross section.

ment.
Last summer new results on the NC polarization depen-
dence have begome available. Neglecting the Auechange For the most of HERA-I period, HERA was operating with
term, for highQ“ the structure functiof attains a correction  nsitrons which allowed to improve the lepton beam life time
from theyZ interference: Only a small fraction of the luminosity was collected witketh
Cwl vz negatively charged electron beam. For HERA-II, the problem
AR = K(—VeFPae)F;", @ of the low electron beam life time has been solved. During

1 @ a. are vector and axial end of 2004 — middle of 2006 HERA operated with electron
4sirf By cof By QZ+M3’ beams, allowing significant increase @fp luminosity and
electron couplings t@, P is the longitudinal beam polariza- thus more precise measurement of ke structure function.
tion, By is the Weinberg angle arldz is theZ mass. Atthe This measurement for the H1, ZEUS collaborations and for
leading order the combination of the two is represented in Figure 5.

wherek =

Fzyz = Xz 2eqvq(q+ 1), 3 ThexFs structure function measures the valence quark den-
sity which is expected to vanish at low This expectation is
not fundamental prediction of the SM but rather most natural
assumption for the behavior gf- q quark density difference.
N 2 0% (PR)—0*(R) |:2VZ So far the data is consistent with this expectation. More pre
AT = Pr—PL 0% (Pg) + 0 (R) ~ ¢Kae€ 4) cise and lowek data are needed for a better check, these data
will become available after more detailed study of the syste
allows directly study the NC cross section parity violation atic uncertainties in a lowep? range. A non-vanishing asym-
One can see in Figure 4 that the data do indeed prefer SM preaetry inq— q at low x would have important implications for
diction with non-vanishing polarization dependence. Tieat W /W~ production at LHC.

wherevy is the vector quark coupling td. The measured
polarization asymmetry, defined as
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Since the smalk modifications can be different for different

N, L[ TN, L [T processes, the parton densities determined from the fits to
% i H1 (prel.) S i ZEUS (prél.) | may be valid forF,-like (singlet) observable only. The non-
08 - ] 08 - 5 universality of the parton densities would have a big impact
Q=1500Gev* 1 i Q=1500Gev* 1 on the light Higgs production cross section predictions.
06 |- ] The best way to obtain better decomposition of the gluon
1 { ] and singlet densities at lo@? and lowx as well as to ver-
04 - ] : ify the universality of the parton density functions is toane
} { ] sure the other independent structure function, the lodgitu
02 b { 1 nal structure functiotr_. For the conventional QCD, recently
I { ] NNNLO corrections have become available [12], makifag
ol o one of the cleanest observable from the theoretical point of
1072 107 1 view. TheF_ structure function acquires non zero value only
X at NLO, it is more sensitive to gluon comparedio In this
e ! ‘ ] senseq_is more close to the Higgs production compared to
x H1+ZEUS Combined (prel) | F, being more close t@/, Z production at LHC.
08 - Q%=1500 Gev? j The DIS cross section is sensitive to fRestructure func-
1 — H12000 PDF ] tion only for high inelasticity values; > 0.5, see Equation 1.
06 - - ZEUSJETSPDE - For this kinematic region, botR, and F_ structure function
contribute to the DIS cross section, an additional constiai
required in order to separate the individual contributions
0.902 ‘ 0;004 ‘ ‘ ‘ Q.OQB X
U6 e gpHL 99-00 1
L o epH198-99 |
1.45 —
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FIG. 5: xF3yz structure function as measured by H1 and ZEUS col- 1i hg("lﬁi{;‘%\ 1
laborations. i 7
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V. LOW ENERGY RUN TO MEASURE F. op — Hitowym .
Decomposition of the singlet and gluon density for lgw 15
plays an important role for prediction of the Higgs\WaZ g
bosons production cross section raWféandZ production are 18
singlet dominated processes for them the dominant diagrams i :§
are similar to thé~, structure function. On the contrary, Higgs 02 1T

100 200 300 400 500 600 700800

is dominated by gluon-gluon fusion. Q1 GeV?

The QCD evolution of the singlet and gluon densities are
closely coupled together, yet the densities depend on the in
tial input values which are not so easy to disentangle experrIG. 6: Structure FunctioR, determined in a model dependent way
imentally. In particular, gluon density determined by MRST by the H1 collaboration based en p (open circles) ané™ p (closed
collaboration [9] at lowQ? and lowx differs drastically with ~ circles) data collected during HERA-I running period [3]
CTEQ [8] and Alekhin [10] determinations. For the predic-
tions of the light Higgs production cross section, this ktd The H1 collaboration performed a model dependent sepa-
a spread of the central values between the three groups on th&tion of . based on data collected at HERA-I. In this deter-
order of 5— 7%, larger than the uncertainty associated withmination, theF, structure function was determined for lower
each individual prediction. Q? selecting data at < 0.35, and than evolved using the stan-
At low x additional, not included in the standard QCD evo-dard QCD evolution to highe®? and thus highey values.
lution effects may become important. These effects mag arisFixing theF, contribution to the conventional QCD prediction
from large ¥x corrections, requiring additional resummation, allowed H1 collaboration to extract tiig structure function.
or from large gluon density leading to non-linear interaicti  This model dependent determination works better for higher
effects. An excellent quality of the conventional QCD fits to Q? values, since in this case larger evolution range is availab
the F, structure function may not exclude presence of thesdor the determination df,. Figure 6 shows this, determina-
additional contributions. Many smatimodifications maybe tion for Q> > 100 Ge\f kinematic range. Good agreement be-
“hidden” in the input parton densities at the starting scaletween the determination and the QCD prediction provides an



important consistency check in tixgange important for the Taking into account that currently both H1 and ZEUS exper-

LHC measurements. Higher statistics HERA-II data shouldments collect about 20 pB3 of data per month each, about

allow to improve precision of this measurement. 3 month low energy run is needed to obtain 10 bbf low
energy data per experiment. This three month long low en-

- PR ergy run is foreseen to start at the end of the HERA operation,

038

- . -
= Q' =6GeV' B

06k ] 06| in middle March 2007.
A possible outcome of this low energy run is illustrated in
041 1 04F -~ 1 . . . . .
e %%’ ) Figure 7 which shows simulation of thg structure function
02 02f measurement. One can see that the precision of these data
. ‘ ‘ . should be sufficient to distinguish between predictionstas
P 10° Ty 10* on MRST and CTEQ parton distribution functions, thus this
* x measurement should allow to reduce uncertainties in thanglu
o 08 ST o 08 e density.
0.6 q 0.6
04f ] 04l ]
0 w' . o {H VI. SUMMARY AND OUTLOOK
ST W ST 0° HERA continues to provide a large amount of the inclusive

DIS data interesting for deeper understanding of the QCD and
the Standard Model electroweak physics. The parton density
FIG. 7: Open circles: simulation of th&, structure function functions determined based on these measurements will play

measurement based on proposed Ew= 460 GeV energy run. an important role for futurg@p colliders.
The dashed (dashed-dotted) lines represent predictions based onHERA-II upgrades enriched the physics outcome of the ex-
CTEQ [8] (MRST [9]) parton density functions. periments. Higher luminosity will eventually lead to more
precise determination of the proton structure functions fo
A model independent separation of theandF_ structure high QZ kinematic domain. The longitudinal polarization of
functions is possible by measuring the DIS cross section dhe electron beam allows to study the polarization deperelen
the samex, Q? values but differeny. This can be achieved by Of the charged current cross section, provides additicerad s
lowering the center of mass energy for the experiment. Fo#itivity to the vector quark couplings. A large sample im-
the maximal cancellation of the experimental uncertainiie Proves determination of thd= structure function.
is desirable to lower the proton beam energy, in this case the The HERA-II operation is scheduled to be stopped at the
kinematics of the scattered electron is largely unmodified.  end of June-2007. Before that, a dedicated special low proto
Lowering of the proton beam energy leads to reduction oenergy run is foreseen in order to measure the longitudinal
the luminosity as- 1/E§. To increase sensitivity B , a mea-  structure functior . This measurement will allow complete
surement at lowest possible beam energy is desired. A conecomposition of the DIS cross section at IQ4; it will pro-
promise between luminosity loss and the sensitivity ismedc  vide important cross check of the conventional QCD and will
at about half the nominal proton beam enefgy= 460 GeV.  allow to improve the knowledge of the gluon density.
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