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> Analysis of Initial State Radiative Events
> Measurement of Fj(x, Q?)

> Measurement of Fr,(x, Q?)

> Conclusions
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Event kinematics with Initial State Radiation

> Q? = —(k — k')?
— virtuality of exchanged boson

— Reconstructed using
Q2 = 2E.E.(1 + cosb)

— E¢ = Exgra — E,

P.q
>Y = Pk

— inelasticity
— Reconstructed using
(E_PZ)H

Yy = (E=Py)g+(E—Py)e proton
remnant
_ Q7
> X = 2P-q
— Bjorken scaling variable current jet
- Q% =xys
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Why measure structure functions using ISR Events ?

> Emission of ISR v = reduction of E, &
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Identifying ISR Events with the ZEUS Detector

> Standard DIS event selection:

— identify scattered positron in main

detector ' : _ 1. \ ///
. . . . e’ lll==== } \\%/ H p
> Identify ISR photon in luminosity - — = S <
monitor 27.5 GeV = = ﬂ'l 820 GeV
. .
e | ) ok or ora BT BU BU BU
| p ZR View
y |
GAMMA
DETECTOR
ELECTRON \ Normally used identify photon in ep — epy
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Reconstruction of ISR Events with the ZEUS Detector

> Detector-level comparisons for F's

— Measured using sub-set of 1996
data (3.78 pb™ ')

> Main source of background: bremsstrahlung
overlays

— Normal DIS events +ep — epy

> Estimated using mixture of:
— Data DIS events + admixture of
photoproduction

— “Genuine” bremsstrahlung events

—normalise to “signal” sample for
0+ 2E, > 62 GeV

> where ¢ = EI(E — PZ)i
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Measurement of Fy(x, Q?) using ISR Events

> Clear evidence for the rise of F, at
1 2 ZEUS
ow X L 06 Q°=03GeV’ [ . Q°=0.65 GeV’
> Span region in Q? between 96/97 F, 94 F‘\%{! = Foa, )
- o I I R
and BPC data 02 ¢ o -
0 L1 \HH‘ HHHH‘ HHHH‘ \\HHH‘ AR HHHH‘ HHHH‘ HHHH‘ [
. C Q*=25GeV’
> In some regions, also reach higher x 1 - - .
than previous measurements 05 = - &!‘h\b\_
. . 0 il_U\H‘H [ HHHH‘ \\HHH‘ HHHH:\ (AN HHHH‘ HHHH‘ HHHH‘ [
> Consistent with ZEUS NLO-QCD fit > = Q*=45GeV’
15 — =
1= =
05 — —
0 f\ LLLn [ \\HHH‘Z\ \HHH‘ \HZ\HH:\ \HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ (R
> ISR events well-understood 3 - Q" =22Gev 10°10% 107 107
2 = @® ZEUS (prel.) ISR 96
— use to measure FL g O ZEUSBPC96/97 F ZEUS NLO-QCD Fit
1 ; ZEUS SVX 95 == ALLM97
0 :\ Cod el el 1 A ZEUS 96/97

-5 -4 -3 -2
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Measurement of Fi,(x, Q?) using ISR Events

> Use 1996 + 1997 data: 35.9 pb™" ZEUS
#4000 - 60007 ]
> Estimation of bremsstrahlung over- &3o00- 18,0000 i
lays as before 2000 = :
1000 - 4 2000¢ B
> Data-MC agreement at detector-level : - 5 /

ol
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Measurement of Fy(x, Q?) from F;, Event Sample

> Need F3(x,Q?) in order to measure Fp, ZEUS
~ 1.6 T T B
. . LL B n
> Measure in the region: 15 [ 0% =55 GeV? -
~1<Q? <30 GeV? B !
14 — ~ ZEUS 96/97 —
—0.11 < yugra < 0.23 e ZEUS (prel.) ISR 96/97
1.3 -
) 12 -
> Compare to published ZEUS values: i — ZEUSNLO-QCDFit |
— Agreement is good e T ALLMYY -
— Further consistency check for data 1 - -
0.9 =
0.8 | -
07 |- -
0.6 : | | ‘ | | | ‘ )

4 -3
10 10
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How to measure Fp, using ISR Events

> Re-write double-differential cross section for ep scattering as:

d?o 27w ? 1+eR 27w ?
( )FF Y, [Fs— (1 o)Fy)

dxdQ? xQ¢ 1+R xQ4
> where:
>Y=1+(1-y)? > Define quantity:
o 2(1-y) S — 1+eR
P e Ty )2 FL = T1R
SRo %L — _FL > Describes shape of cross section as a function of y

> Effect of Fy, only visible at high y

> Rewrite of, as:

s _ Fa(1QFy _ o(FLA0)
Fr — Fo o(F1,=0)

> Use op, to determine Fy, ...
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Measuring Fi,(x, Q?) using ISR Events

> Measure ratio dg = Ndata__ yergys y ZEUS
NMC’FLZO o 1.2 ‘ ‘
at detector level o |
> Shape of y distribution in data and ™" . i
MC determined by o°P I |
11+ -
= 5R X 5FL | |
> Fit or versus y using L5 ] i i
— N - 0py 1 I --------------------------------------------- |
_ 2(1-Syy) 7 7
> e — € = 1+(1—Syy)2 0.95 7
— Sy = correction factor determined 0oL l
from MC studies . ZEUS (prel) 96-97 |
085 --- N(1 +eR)/(1 + R) N
> Ngi, F, free parameters of fit I |
| | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ \.-\ | | ‘ | | |
> Fix o at measured value 0.15 0.2 0.25 0.3 0.35 0.4 0.45

y
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Measurement of Fi,(x, Q?) using ISR Events

> First direct measurement of Fp at
HERA !

ZEUS

2 1.2 I B B \
L . | ]
> Errors are large, but prefer small 1 _
value of Fy, - .
08 — N
> Consistent with Fp predicted by - i
pQCD 06 — ]
— Nothing really crazy going on ... 04 .
02 —/—/ {
B ® |
e ]
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- 1l B9 ZEUSNLO-QCDF, 1

_0.6 | I N I ‘ | T I | \‘ | | | [

-4 -3
10 10

Structure Function measurements using ISR events 11

X



Jo Cole DIS03, St. Petersburg

Conclusions & Outlook

> Structure function measurements have been made by ZEUS using ISR events

> Measurement of F:

— New measurements in previously unexplored region
— consistent results with previously published results

— ISR events are well-understood

> Measurement of Fy:

— First ever direct measurement of F;, at HERA !

— Currently not statistically precise, but ...

> Consistent with NLO-QCD
> Proves that ISR events can be used to measure Fy,

> Several possible improvements in the pipeline

> For precision measurement, would need reduced E, running
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Comparison of F3; measurements

ZEUS
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Comparison of F;, measurement with H1 extraction
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