00bEAUNEHHbIH

‘ WHCTHTYT
v N AABPHbIX
L g HCCRBLOBAHNA

LY0Ha

B43 E1-87-699

TEST OF QCD AND A MEASUREMENT OF A
FROM SCALING VIOLATIONS

IN THE NUCLEON STRUCTURE FUNCTION
Fy(x, Q%) AT HIGH Q2

BCDMS Collaboration

Submitted to ''Physics Letters B'




‘A.C.Benvenuti, D.Bollini, G.Bruni, , F.L.Navarria

Dipartimento di Fisica dell Universita and INFN, Bologna,
ltaly

A.Argento1, J.Cvach®, W.Lohmann®, L.Piemontese”, G.Todorova®
CERN, Geneva, Switzerland

A.A.Akhundov, V.!l.Genchev, V.G.Krivokhizhin, V.V.Kukhtin,
S.P.Kurlovich, S.Nemecek, P.Reimer, V.V.Sanadze, |.A.Savin,
A.V.Sidorov, N.B.Skachkov, G.I.Smirnov, G.Sultanov®,
P.Todorov, A.G.Volodko

Joimt Institute for Nuclear Research, Dubna

D.Jamnik”, R.Kopp®, U.Meyer-Berkhout, A.Staude, K.-M.Teichert,

R.Tirler®, R.Voss, C.Zupan&i¢&
Sektion Physik der Universitdt, Miinchen, Federal Republic
of Germany

J.Feltesse, A.Milsztajn, A.Ouraou, J.F.Renardy, P.Rich-Hen-
nion, Y.Sacquin, G.Smadja, P.Verrecchia, M.Virchaux
DPhPE, CEN Saclay, France.

"Now at Digital Equipment, Torino, ltaly.
20n leave from Institute of Physics, CSAV, Prague,
Czechoslovakia.

30n leave from the Institut flir Hochenergiephysik
der AdW der DDR, Berlin-Zeuthen, GDR.

“Now at INFN, Trieste, ltaly.

50n leave from Institute of Mathematics, Bulgarian
Academy of Sciences, Sofia, Bulgaria.

®Now at the Institute of Nuclear Research and
Nuclear Energy, Bulgarian Academy of Sciences, Sofia,
Bulgaria.

70n leave from E.Kardelj University and the
J.Stafan Institute, Ljubljana, Yugoslavia.

~ SNow at Siemens AG, Minich, BRD.

N b .

“‘XgNow at DPhPE, CEN Saclay, France, .. ;
N .

1

!
iﬁ .

‘——\q

In a previous letter, we have reported on & high statistics mea-
surement of the nucleon structure function Fg(x,Qz) at large x and
Q2 in deep inelagtic scatteringof muons onacarbon“’. Deviations
from Bjorken scaling are clearly observed in these data. Here we com-
pare the measured scaling violations to predictions of perturbative
Quantum Chromodynamics (QCD).

In this theory, the Q2 evolution of quark and gluon distributions
ig described by the Altarelli-Parisi equations 2 » The evolution equa-
tion for the structure function Fz(x,QZ) can be written as

AFp,0%)  oAs(RY ! 2 i x 2
i cm[[;%,,,(as)F;("f/g,a )+zi%ezfg¢(x)./z-c1(%,a Iz,

where xg(x,Qz) is the gluon momentum distribution, Pq and PGq are
QCD splitting ﬁnutions/B/, f 1is the number of effective flavours,
and e; are the quark charges., The strong coupling constant ds "'is

given in next-to-leading order by

/?1£uﬁnﬂ?9%%)
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Ls(Q?) :W’ﬂ) [ B2l (RYA?) (2)

where fBo = 11 - 2/3f, B, = 102 - 38/31‘, and /A is the mase scale pa-
rameter of QCD 4/. Estimates of the gluon distribution from neutrin
and from muon seattering/7’8/ indicate that it is a rapidly decreasiné
function of x and can be neglected to a good approximation for
x>0,3, In this region, equ.(1) is then simplified to the flavour non-
singlet expression

dF2(xBY s 4w x .
ddnQr ~ 2w Jpq,q,(x)a( e s Q) A X )

Alternatively, the Q2 evolution of the structure functions can be ex-
pressed through the Q© dependence of their moments/S/.

Our data 1/ are well suited for a precise test of the evolution
equations, "Higher twist" contr%butions to F2 from quark-quark inter-
actions which are not described by equ.(1)are expected to vary like
power series in 1/Q2 /9/. and are therefore unimportant due to the
large Q2 of the data (Q2> 25 GeVz). Furthermore, the data extendupto
x = 0,79, thus requiring only little extrapolation to calculate the
evolution integrals.

Several numerical methods have been developed to fit the predic-
tions of the evolution equations to the experimental data. We have
mainly employed two methods which have been developed within our colla-
boration, They allow to use the singlet and the nonsinglet form of the
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evolution equations, both in a leading order (10) perturbation expan- The results of flavour nonsinglet fits are summarized in the

gion and in a next-to-leading order expansion in the MS renormaliza- Table.

tion scheme, The first of these/1o is based on an expan sion of the :

structure functions into Jacobi polynomials with coefficients given i Table.,  Results of nonsinglet QCD fits to F,(x,Q?)

by linear combinations of the QCD moments. In this method, most compu-~ é Pr 2 —_ 2
tation?/are analytic thus requiring only modest computing time. The second ;’ ° Aro x'/DOF AMS xIDOF
mei:hod/1 uses a numerical evaluation of the evolution equations which does “ (MeV) (MeV)

not make any assugptions about the analytic behaviour of the Q2 evo- .

e lution of FZ(X'Q ) or of the integration kernels. This is conceptual- i BCDMS [10] 2672 . 14152 BIx20 . 176/152 \§¢
ly the most direc? approach but is normally considered impractical . BCDMS [11] 215+20 174/150 235420 178/150
gince it is expensivg in computing time. This difficulty was overcome ] Gonzal

s : . k3 ! es=
by vectorizing in Q the integrations in equ., (1) and performing the Arroyo et al. [12] 220%20 178/151 220+20 1807151
analysis on a fast vector processor. We have als da ; :
. . P s/ © used the programs by ‘ Abbott ct al. [13) 224+20 190/151 233320 198/151
Gonzales~Arroyo, Ldpez, and Yndurain s by Abbott, Atwood, and Bar-~
nett 13 y and by Furmanski and Petronzio Fumansk- 25525 178/152 270+23 18732
. Petronzio [14
The experimental data shown in Fig, 1 of Ref./1/ were used for b ewonzio (14

the fits. Points with y< 0.2 were excluded to reduce the sensitivity 6
to spectrometer calibrati- They were obtained using R =6p/6y = Ry and agsuming f = 4 fla-

T on uncertainties. This cut vours, With the exception of the method of ref. 14, we remark the ex-
removes 9 data points at cellent agreement between the values of /\ obtained with different
x = 035 "qk**jk‘dLr1_r~_‘~*_ large x and small Q2 programs and the small differences between the leading and next-~to-
out of a total of 166 -1eadin§1$7der fits. The next-to-leading order fit with our second
points. No correction was program is superimposed to the experimenta}1?ata in Fig.1. Fits
o'l \k***w~«‘ﬁ~$*~‘ ! applied for Fermi motion. to the data evaluated with R=0 ingtead of RQCD increase /A by 15
Tt $ MeV and. give a slightly larger x°.
To evaluate a systematic error on A , the individual systematic
x = 0.55 uncertainties on F2 were added to the data points and the fits re-
~‘~rv““w~;4§vjN'ﬁF*\“\\iﬁj‘ peated. This was done for each contribution to the systematic errors
in turn and the resulting changes in f\ were combined in quadrature.
The final systematic error of Aj\ = 60 MeV is dominated by the 1%
uncertainty on the relative normalization between data taken at the

x = 0.65
. N three different beam energies.
Our best estimate for the QCD mass scale parameter is the ave-
rage value of the nonsinglet fits with methods/1o-13/

| — - i i_ .
o rig.1. Nextto-leading This corresponds {\.gss;riio 201;:tazgistaz2-::y:t;i fzvleadin or
ext-to~- -

order QCD fit in the : ¢ p o g coupling g

x = 0.75% .
¢ der of
S nonsinglet approximati- A g = 0,160 % 0,003 (stat.) ¥ 0.010 (syst.)
on, corre di
| et o T ol
= e -
* M » Super It is important to remark that this numerical value of o, de-

S T U SN E N
5 imposed to the experi-~
Q* (GeV?) mental F, data,

x = 0275 aa

F(x,Q%) )

pends only slightly on the conventional hypothesis of 4 flavours, On




the contrary, the value of A determined from the fit depends strong-
ly on this choice. The assumption of 5 flavours yields Ajz= 160 NeV.

Results on j\ from deep inelastic muon scattering experiments
on iron targets have been presented earlier by the BFP and EMC colla-
borations, The BFP group/15/ finds I\IO= 230 ¥ 40 ¥ 80 MeV from a lea~
ding order singlet fit to their F2 data. The EMC result/B/from a
nonsinglet fit for x»0.35 is A= 115 * 10 30 Mev.

A global QCD fit to Fz(x,Q ) does not, however, constitute a
sensitive test of Quantum Chromodynamics. The x2 of such a fit des-
cribes also its agreement with the x dependence of F2 which is not
predicted by the theory. A more stringent test is obtained by compa-
ring the x dependence of the scaling violations observed in the da-
ta to the one expected from the QCD evolution, This is the only spe-
cific prediction of perturbative QCD for deep inelastic scattering
which can be tested experimentally. In the nonsinglet approximation,
this comparison depends on A as the only free parameter whereas for
singlet fits it is also sensitive to the gluon distribution. The non-
singlet case is shown in Fig. 2a where the logarithmic derivatives
dlan(x,Qz)/dan2 are compared to the next-to-leading order predic-
tion for [\gg = 230 MeV.

The logarithmic derivatives in Fig, 2 are the slope parameters
of staight line fits lnF2 =a » an2 + b to the data. To calculate
the theoretical predictions shown in the same figure, the result of
the QCD fit Fé was assigned at each (x,Q2) point the statisti-
cal error of the corresponding experimental F2. The logarithmic de-
rivatives dlnF2 /dan2 were then obtained by the same straight line
fit as for the experimental data, Within the errors, this linear re-
presentation is an excellent approximation of both the experimental
and the predicted Q2 evolution, The measured x dependence of the
scaling violations in Fig.2a is in full agreement with the predicted
curve within statistical errors (xz/DOF = 4,6/5), This shows that our
determination of A 1is based on a very good overall description of the
data by QCD.

We have also performed flavour singlet fits to our data, imposing
a gluon distribution xG(x,Q3) = /,( +1)+(1 - x)* at Q2= 25 Gev?
and fitting A = for fixed values of % . As an example, the sing-
let prediction corresponding to the fit for # = 7 is also shown %n
Fig.2a, Results for S from these fits and the corresponding X “'s
from the comparison of measured and predicted scaling violations are
showh as a function of 4 in Fig.3. It is clearly seen that the sing-
let terms do not improve the quality of the fits and that a soft gluon
distribution is favoured by the data, From statistical errors, we find

- - 4_

a lower limit of /4 = 7 at Q5 = 25 GeV® (90% confidence level). This
corresponds to a limit of ;= 6 at Qg =5 GeV2.
: |

Fig.2, (a) Scaling violations observed
in this experiment, expressed as loga-
rithmic derivatives dlnF,(x,q%)/dlnd%
The errors are statistical only. The

-01

s0lid lines are nonsinglet QCD pre-

y -0.2 dictions for [\ﬁé: 230 MeV correspon-
= ding to our fit (x?/DOF = 4.6/5), and
i B for two other values of A . The dashed
o 0(‘“"; ___________ line corresponds to the minglet fit
Z . for a gluon distribution xG(x,Q2) =
£ -0 \ {1 =4+ 0 -x07at Q@225 gev?, giving
A Ajzy = 252 MeV.
i $ ] (b) As Fig.2a, for the mic/®/
[ b)Y EMC (iron) + data on iron for Q2> 10 GeVz. The so-
I 1id line represents a next-to-leading

order QCD fit giving A s = 91 Mev
and a Y°/DOF = 65.9/4.
\ (¢) As Pig. 2b, for the BFp/1¥
-0 \‘\ 1 data on iron for Q°>10 GeV2. The QCD
4 fit here gives Aia’s = 167 MeV and a
x2/DOF = 14.2/4. The arrow indicates

the upper error bar of the data point

-03 L Il 1 1 J_L_l L L 3t X = 0.65(dlnF2/d1nQ2 = —0.687 t
0 02 ot 06 08 10 % o,410),

-02 .
F ¢ BFP (Iron)

We have done the same nonsinglet analysis for the EMC/B/ and
8FP/ 15/ iron data for Q2710 GeV® (Figs. 2b and 2c). This comparison
is incomplete because it does not include the systematic errors of the
experimental slope parameters which we are unable to evaluate. Howeven
it is clearly seen that the EMC data are in statistical disagreement
with the QCD prediction, The value of /A determined from thesé data
depends therefore strongly on the x range included in the fit. In-
creasing further the minimum Q2 to suppress possible higher twist
effects incredses the value of [\ but does not improve the agreement
with the QCD predictions. For the BFP data, the agreement is better
but the statistical errors are large in the region x> 0.25 where the
nonsinglet approximation applies.
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Pig.3. Results for A =
(closed points, left-hand
scale) of flavour singlet
fits with the method of
ret /117 4o F,(x,Q°) as

250 a function of the power

# of & gluon momentum
distribution
x6(x) = o0 + 10 =0T
The ¢open points ‘show the
o corresponding J(z (right-
200 | S 45 -hand scale) for the com-
i parison of measured and

predicted scaling viole-
tions., The horizontal
lines are the results of
the nonsinglet fits dis-
cussed in the text.
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In conclusion, we find that the scaling violations observed in
our high statistics measurement of the nucleon structure function
Fz(x,Qz) at Q2> 25 GeV2 are in excellent agreement with predictions
of perturbative QCD, In the range 0.275€x<0.75 the data are well
described by a flavour nonsinglet approximation and therefore favour
a soft gluon distribution., From next to leading order fits, we find
a strong coupling constant d’s = 0,160 ¥ 0.003(stat.) ¥ 0.010(syst.)
at Q% = 100 Gev?,
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FenBeHyTH A.C. #u gp. E1-87-699
llpoeepka KXI u omnpepgerneHHe A H3 HapymweHHA

CKEMJIMHTa B HYKIIOHHOH CTPYKTYpHOH ¢(yHKIHH

F2(x,Q%) npu BeicOKHX Q

llpoBeneHoO ¢paBHeHHe C TNpeacKasaHHAMH nepTypéaTHBHoﬁ KX
HapylleHHsi CKeMJIHHra B HYKIIOHHOH CTPYKTYPHOH (YyHKIHH
Fz(x,Qz), H3MepeHHOHl C BHICOKOH CTAaTHCTHKON B IJIyGOKOHeylpy-
roM paccesiHHH MIOOHOB Ha YyIJjlepoJHOH MumeHH.HaGmopeHo npe-—
KpacHoe corjlacHe [aHHbX BO Bceil 06lacTH H3MEDEHHbX NepeMeH-
HBEIX X H Q2 C UYHCIEeHHbLIMH DpEeNeHHAMH 3BOJIOLMOHHBIX YyDaBHeHHH
Anprapenu-Ilapuay.B HeCHHIJIETHOM IPHOJIMXEHHH B ClIeAyKomeM MO-
pAOKe K JIUOHpYwmeMy OIpefelleH MacmTab6Heit napaMetrp KX
fheg = 230+20 /crar./ * 60 /cucrt./ MaB. CuHrieTHbit GUT HaH—
HBIX TIpeAllOYHTAeT MArkKkoe IIIWOHHOE paclnpejnelleHHe.

Mpenprut O6BLenmHeHHOro HHCTHTYTA ANEPHBIX HecTenoBaHuH. y6Ha 1987

Benvenuti A.C. et al. E1-87-699
Test of QCD and a Measurement of A from

Scaling Vlolatlons in the Nucleon Structure

Function Fa(x, Q ) at High Q

Scallng violations in the nucleon structure function
Fa(x, Q 2) measured with high statistics in deep inelastic
scattering of muons on a carbon target are compared to
predictions of perturbative QCD. Excellent agreement is
observed with numerical solutions of the Altarelll-Parl-
si evolution equations over the entire x and Q range of
the data.In a next-to-leading order non51nglet approxima-
tion, the QCD mass scale parameter Ayg is determined to
be 230+20 (stat.) * 60 (syst.) MeV. A singlet fit to the
data favours a soft gluon distribution.

Preprint of the Joint Institute for Nuclear Research. Dubna 1987




