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Deep Inelastic Scattering

Neutral Current: e +p — e + X

electron

¢ kinematic variables:

s=(p+q)? cms energy

Q? = —(p — k)2 momentum transfer
2

T = 2Q— Bjorken-variable
p-q

¢ additional information

2
Y Q Inelasticity

ST

W2 === + m}% cms energy in

~v*p system
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Structure functions in DIS

Measuring the cross section:

d2o e

Tod? = oty (Ve P(0.Q%) =y FL@,@%) Vi =1+4(1-y)’

F5 is measured, F7 is extracted

o Bh(2,Q%) =z 3, e qi(z, Q%) + Gi(z, Q7))
» Dominates the low y region

» Sensitive to quark content

o Fr(z,Q%)
» Contributes only at high vy
> QPM: Fr, =0
QCD: F;, # 0 (gluon emission)
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Kinematic Plane
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Experimental techniques at low Q2

Standard DIS measurement: Q2 > 2GeV?
Q? =4E.E' (1 + cosf,)
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measure low Q? = larger 6,
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Experimental techniques at low (Q)?

Measuring large scattering angles =

¢ Detectors close to the beam ¢ Shifted vertex runs
pipe (ZEUS BPC/BPT) Backward
Calorimeter

¢ Radiative events
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Shifted Vertex F> Measurements

Q> = 0.35 GeV? | Q% = 0.5 GeV? Q* = 0.65 GeV?
- . B
| “‘-\ﬁ‘ﬁ‘hr— - \\‘Ex_\»,_ - ‘\\\*" -
| Lol | | L vl | | L vl |
Q%= 0.85 GeV? |

N T

107> 107 1072 1072 x1o‘5 10" 107 1072 X10'5 107 1077 1072

H1 Collaboration

= H1 svtx0O0 prel.
H1 99 prel.
H1 97
NMC
ZEUS BPT97

Fractal Fit
ALLM97

H1 QCD Fit
Q> =35GeV?

min
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ISR Measurement Method

Signature:

New method:
¢ 7y is undetected

+ x,Q?, E. reconstructed:
* final state

* energy momentum conservation

~ emitted from incoming e:

¢ cms is reduced = accessing the

high x region is possible!

¢ Alternative ISR F5 analysis:

7 explicity detected

Hadrons

SpacCal

AVAVAVAVARER
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ISR Measurement in Shifted Vertex run

Reminder: >.—method

¢ Incoming energy:
2Ee — (E — Pz)tot

¢ Kinematic:
Q3
XR = iF.E,

events
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BST = suppression of «vp background
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Cross Section Measurement using ISR events
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high z at low Q2 is accessed
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Improved extractions of A

—~ 05
(9]
o I "y
= F,=cx", x<0.01
04 - = H1 svix00+ISR prel.
H1 96/97 J/‘/
“T . zeus 1 i ‘
: 1
o
0.2 _— i | ’V T
R
% ﬁ * '+*, |
0.1 |- LI + — A=aln QY/A?
T e extrapolation
0 ] ool | |
107 1 10 10°
Q° /GeV?

_ (O0In Fy
A= ( Olnx >Q2
» Rise of Fh atx < 1072

well parametrized by
Fy = c(Q?)z~ M@
> At Q% > 3GeV?:
A~1nQ? c~const
Partonic degrees of freedom
> At Q% < 2GeV?:
A — 0.08

Transition to hadronic degrees

of freedom
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Inelastic QED-Compton events

QEDC Event in H1 Detector
Signature:

*xe+p—et+y+ X

*‘ﬂ‘f SR I =y (k)
B | L
| | e(l’)
v
:
2 B « H1 QEDC 1997
T 30 - — COMPTON +hbg
S o5 i & Backgrounds
Medium-High x is measured " i
2¢(0.001 — 0.06) 15
10 -
» understanding of HFS at low W/ S
» Use SOPHIA MC model 0,

-2
log,0ys
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F5 measurement with QED-Compton events
TR T
04 ? 1 -
03 075 -
02 - 05 -
015 @=056ev? 025 ?=20Gev?
- | \HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ [ O 3 | \HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ \
10° 10* 10° 107 10 1 10° 10® 10° 107 107 1
X X
LL‘\l i
s e HLQEDC1997 - E665
- © H1SV 2000 prel NMC
051 g o H11999 prel SLAC
I 2 _ 2 E
| QTreeR W = ZEUSBPT  — ALLMY7
10° 10" 10° 10% 107 1 -~ Fractal
X

Good agreement with fixed target experiments
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Measurement of £

d2 2
s = o [+ (= 0] Pl @) = PP, Q1))

» F'7: contribution to o only at high y

» Direct measurement requires data at different s

» Using ISR events:

Events
(@)

. 9 175 200 225 250 275
At fixed Q , L '\/S_ep‘ (GeV)

varying s = y vary
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Measurement of F'y
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O ZEUSBPC96/97 F ZEUS NLO-QCD Fit

ZEUS SVX 95 == ALLM97

A ZEUS 96/97

¢ Ratio Ndata/NMC’(FL = O) IS

analysed = FT,

-0.4

-0.6

First direct determination of F';, from ISR

Q?=5.5 GeV?

® ZEUS (prel.) ISR 96/97

H ZEUS NLO-QCD F,

EH ZEUSNLO-QCDF,

4\\\‘\\\‘\\\;\

-4
10

result is consistent with QCD

-3
10

X
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Extraction of F}

d*c 2o’y 2
+ 2 Y 2
— or 0= Fy(2,Q°%) — S Fp(z,Q7)
2 4 r r Y 9
dxd() Q*x Y,
St 2r
L 2 __ 2
» Indirect determination: R Q" =25 CeV
. . s~ 15
extrapolating F5 to higher y l n
(I L
FL x Fo - O 'J; 1 :_
—» Derivative method - e H196-97
05 a BcOMS
— Shape method - B3 QCD Fit (H1)
[ F,QCD
e R
10 10 10 10 X
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F; extraction: Derivative method

(881?1Ty>Q2 = ((531—%)@2 — 12_?12((12__3/?’)')2 Fr,

=05 :
£ f ,
Q) L L
) i . N - . R LI c
¢ straight line fits: g o Wi% T TS
© , , 5
low y < 0.2 points — f =
-0.5 ¢ Q*=0.75GeV* i Q*=1.35GeV? 5
L [ Ll L P pu =
. . . I —2 —1
¢ linear behaviour of F5 at high y 0.5 | 10 10 y
M¢$ ......
F'1: deviation of measured points Or ® i1 sybx00 preliminary
. . . e extrapol. of line fit
from linear behaviour at high y os | Q=22 CeV?
1077 107 1
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F; extraction: Shape method

o
_ —A y? o Q* = 0.75 GeV* | Q* = 1.35 GeV* | Q* = 2.2 GeV?
Opip = CT~ " — Fr ¢ , :
fit 1+(1—y)? L |>N" 1 E s -
L
T
°© . s
: 0.5 - S
¢ at high y: \ g
2 S
T
J 2 or R S
1+(1-y) i 10° 10 © 10~ 10
I Q= 4.20CeV | X
dominates the shape of o, L o H1 svtx00 prel.
I ® H1 mb99 prel.
¢ FL :FL(Q2) 0_5; — c. X =y /Y, FL
I T F=c.x”
Fr,: extracted from o ¢;; N T PR
10° 10 10°10°% 10> 107" 10° 107

good agreement with measured cross section
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Shape method vs. Derivative method
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Shape method: more precise
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Fr(Q?) at Fixed y = 0.75

F. extraction from H1 data (for fixed W=276 GeV)

N
O 1.2 b
o el ——— NLO g fit (H1)
—~ [
L S L H1 preliminary —— NLO fit (ZEUS)
- = H1 e’ —— NLO MRST 2001
o5 | OHTE ——— NLO (Alekhin)
ST NNLO (Alekhin)
0.6 -
[ c
L 1 R
0.4 ® | 5
I -_--\.__.\E _c%)
02 | ! 5
| [ | O
B * :
O i. ...............................................................................................................................................
| | | 2 I I L
1 10 10 QZ/G€V2

¢ New constrains from low Q2 data
¢ Agreement with NLO pQCD fits

¢ H1 non-negligible positive F';, at low Q2 = positive g
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Summary

¢ F5 is measured with two new methods

¢ QEDC:
Q? — 0.1Gev? 0.001 <z <0.1

¢ ISR:
0.3 < QR?<085Gev? 1074 <x<5-1073
¢ Structure function F7,
¢ Measured with ISR
¢ Extracted with Derivative and Shape method

o Fr(Q?) atW = 276GeV

—» non-negligible positive F, at low 9
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