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Cross Sections and Measurements
of F,, xF; and F, athigh 0”at HERA

Matthias Moritz
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DIS at HERA

2 r \2 negative 4-momentum
> =—(k—K')
transfer squared,
carried by boson

—> Az he/A|Q—> 1/1000r,
Q2 QPM: fraction of proton

2
e (k) e(k’) 0

X = 5P momentum,
p(P) X(P?) *{ carried by struck quark
& (k) v (K*)/V(K) P- q Inelasticity, in eq cms: related to
CC Y= K lepton scattering angle 9:
; —> y=(1-cos@ )/2
Wi g Q y=( )
r: ) é , Q2 Squared cms energy
k s=(k+P)" == — only2
p(P) X(P’) X}  independent variables
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Kinematic Plane and Data Samples
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this talk!
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10 = DO Inchusive Jets <3

L] Fixed T'arget Experiments:
3 CCER, NMC, BCDMS,
10

E665, SLAC
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HERA run periods:
ly 94-97 | 98-99 | 99-00
data e'p |eplep
E e 275 (275 |27.5
Ep |80 [920 |920
Js 300 [318 |318
2(/pb) (36 |16 |65
H1
Z(1/pb) |48 |16 |61
w' 1| ZEUS
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NC Event in ZEUS, CC Eventin H1

electron

electron

259 GeV — sira
\

NC:

-e backscattered,
high £,

- balance in P

il
CAL * CALuEif Jet cA

CC:
- missing V
- no balance in B
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NC Cross Section

WNeutral Current
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e HL&"p 99-00 s =319 GeV
o HL &'p 94-97 Vs = 301 GeV

H1 FDF 2000 s = 319 GeV
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with ¥, =1£(1-y)

* dominant y exchange

e spans 7 orders of
magnitude

* insight in proton at
smallest distance scales

e well described by SM
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NC Reduced Cross Section

HERA e*p Neutral Current

5 Hi &'p 9400

e ZEUS (prel.) o’p 99-00 — SMe’p (CTEQED)

o = 200 GeV?

d

Q° = 250 GeV®

Q" = 350 GeV®

\

QO = 450 GeV?

QF = 650 GeV?

rd

@ = 1000 GeV?
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| Q% =1500 GeV? |

el

| Q° =3000 GeV? |

ht

o = 8000 GeV*

Q" = 20000 GeV?

o
dxdQ® Q
with ¥, =1£(1—y)’

2
_2 ”40; v FM 5y xF} -y F)]

reduced cross section:

~et _Y 2
Getr :|:F2NC+Y_xF3NC_)YiFLNC:|

* precise cross section
determination

(bulk of data:

stat.: 1.5-3%, tot.: 3-4%)

* in agreement with SM



The Structure Function Fz
HERAY,  in QPM:

—
) %=6.32E-5 _9.000102

= A x=0.000161 —— ZEUS NLO QCD fit

& b v 007 e H1PDF 2000 fi P — _I_ A
T / ; ? x=0.0004 it —_— x q q .
3~ & T x=0.0005 2 . 1
= St A/ x=0.000632 * H19400 i

SV x=0.0008

AT R sensitive to valence and sea quarks
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L paemat? a9eiep e Boird x=0032
________ '_._‘ub..'-t‘ .]]J x=0.05
SR P * test quark content

Alibigiiitivy g —ygean e ®iog g2 % x=0.13

| s i up to highest Q
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R S * QCD evolution of PDFs
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The Structure Function F,

describes absorption of

0.002 0.004 0.003 X

ef . somiooo 1 lONgitudinal pol. photons
I o e pH198-99 |
1.4_— S .
: e | neglecting EW effects:
1.2 - IREE —
[ Fap oo Z 1 em ~
't v F=— (LY Gy )
I v=0.75 |
0.8 N s .
-~ HLPDF 2000 |« extrapolation for F,
0.6 H1 Low v fit ] . . .
‘ into high y region
I (dedicated low y fit)
2o F, =0 and F, =F,
: 16 clearly excluded
N I 2
° 100 200 300 400 300 6DDﬁ?DDSDDﬁ (FL at lOW Q See talk
Q/Gev of T.Lastovicka)
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NC e p and e p data sets

HERA Neutral Current at high x

o H1ep o H1 e*p 94-00
o ZEUS e'p 98-99 o ZEUS (prel.) e*p 99-00
- SM e’p (CTEQ6D) — SMe*p (CTEQED)

X=0.06 (x10000) — g pHoore-@8.08-5-F----8
.g--B--
x=0.13 (x2500) ——:—En—dh—ﬂ-ﬁ-ai-l—;—-a—‘ﬂ_l_‘

x=0.18 (x500) ——n—o—n-e--ﬁl-g—g—i_g_j_:g\

x=0.25 (x100) —ﬁw

N"” ~ F, ¥ xF,

e ¢ pand e pcross

section similar at low Q”
— photon exchange

ediffer from @? >3000GeV>
— 7-Z 1interference

» combining the data sets

—> extract X ;



NC at very high Q”

ZEUS
- m —
ﬁ.. Q* > 10 000 GeV"’ ® ZEUSEp98-99 s=318GeV
v — ZEUSS |y+21°
'--g 25 -« LEUSS  IyF . o
= Z. exchange visible!
[0 ZEUS ¢'p 497 +s=300 GeV
20 . -~ LEUSS |y+2l
ZEUSS  IyF
different contribution

to ¢"p and e p
Cross section

0.1 0.2 0.3 04 05 06 07 0809
X
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The Structure Function xF1

xF 3 Z ;X (q —q )B i sensitive to valence quarks

= H1 9400 s ZEUS 9699 — SM({CTEQGDY

u_ .
Q° = 1500 GeV? Q° = 3000 GeV* Q° = 5000 GeV*

04 G'-8000CGeV: |+ Q'=12000GeV: | F=30000CGeV’ —
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xG3

Interference Structure Function XGs_

0.8 1

0.6

0.4

0.2

Q° = 1500 GeV?

B Hi 94-00
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xF; = —a{

...2a,v{ ’ZCWQZZ}@
Q" +M,

measurement agrees
with SM, however,

statistically limited
(e”p data
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CC Cross Section

d’ct? G M, _
cc _Ir y__ [Y+ ECCFY xFE€ -y FLCC]
dxdQ® 4nx (Q2 + Miy)
HERA Charged Current with Y+ =1+ (1 — y)2
e;. 1 T
%‘: 10" - :;:-Spe'p 98-99
“g — SMep (CTEQSD)
2 10
. H1,94-00, Q*®>1000GeV*
P o< =19.0+0.5( stat.) + 0.8( sys.) pb
0 (H1-PDF?2000:16.8+0.3pb)
5 S reas) ZEUS,99-00, 0* > 200Ge)’*
. \ o ¢ =34.8+0.9(stat.) +1.0( sys.) pb
(ZEUS - S : 37,4 pb)
b 1[1l3 1[)4

Q? (GeV?)
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CC Reduced Cross Section

HERA Charged Current

& Hiep # Hi o*p94-00 — SMe'p(CTEQ6D)
O ZEUS ep 9899 O ZEUS e*p 99-00 --- SMe*p (CTEQGD)
Q° = 280 GeV* Q° = 530 GeV* Q° = 950 GeV*

Q° = 1700 GeV*

QF = 30000 GeV? -
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e, 2mx (QP+ ML) dPolf

O TG ML axd0?
Ffe‘;p=x[d+s+ﬁ+5]
xF;;p =x[d+s—(ﬁ+5)]
Ffe‘:pzx[u+c+c7+§]
foec_p =x[u+c—(67+§)]
GeF =x:ﬁ+5+(1—y2Xd+s)]
il =x:u+c+(1—y2X67+§)]
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CCe pande p :Helicity Structure

ZEUS

e q e'q |-

LH +LH RLALH. | '

CMS: .S, =0 —1] el

AR Rl R L R L L IR IS IR
=0.068% e ZEUSe'p 99-00
o ZEUS ep 98-99

isotropic 1né,, | peaked forward

O'CC —xu+E+( —yZXd+s] MME

s ., EP
x=013  — ZEUS-SS
- xfutc)

x(u+c)

* helicity structure of EW
confirmed
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CCe pande p:
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0f —
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Summary and Outlook

* NC and CC cross sections measured up to
highest > — insight into proton

at smallest distance scales
 Extraction of F,",xF,"",F, F

— successfully tested QCD and EW sector of SM

« HERA II: increased statistics (in particular e p)
and longitudinally polarized leptons
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B HERA e'p 150 pl:"l and +70% polarisstion

A HERA ep 250 pb“l and -T0% polarisation

B HERA &*p 250 pb and +70% polarisation

A HERA &'p 250 pb'l and -70 % polarisation
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