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Inclusive DIS Kinematics
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Inclusive DIS at Low O

B Measure NC cross section

d2o 27T

dxdQ@ — Qhx Y {F2<x’ Q%) - LFi(x, QZ)} Y, =1+ (1—y)
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Inclusive DIS at Low O

B Measure NC cross section

A’ 27Tn? . 12 ,
dxdQ? ~ Qhx Y {F2<x’Q )_ZFL(XIQ )} Ye=1+(1-y)>
Reduced cross sectfion oy = B (x, Q2) — lyf_i £y (x, Q%)
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Inclusive DIS at Low O

B Measure NC cross section

A’ 27Tn? . 12 ,
dxdQ? ~ Qhx Y {F2(x’Q )_ZFL(XIQ )} Ye=1+(1-y)>
Reduced cross sectfion oy = B (x, Q2) — lyf_i £y (x, Q%)

B Parton distribution functions (PDF) in pQCD
F™(x, Q%) = x )¢ 19:(x, Q%) + Gi(x, Q%))
1

q; — probability o find quark with flavour i in proton
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Inclusive DIS at Low O

B Measure NC cross section

A’ 27’ > 12 ,
xdQZ ~ Ofx 1 {Fz(fo )~y fQ >} Yi =14 (1-y)
Reduced cross sectfion oy = B (x, Q%) — 1y/_2 £y (x, Q%)

B Parton distribution functions (PDF) in pQCD
F™(x, Q%) = x ) _eflqi(x, Q%) + 7i(x, Q%)]
1
g; — probability o find quark with flavour i in proton
B F (x, Q%) - longitudinally polarised photons
— Contribution only at high y

— Sensitive to QCD higher orders (gluon emission)
F; ~ asg — consfrains gluon density
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— .‘f{fgﬂ Q2
asymptotic freedom
perturbative QCD (DGLAP)

- next talk by Y. Ning
el.-weak effects
> talk by 9. Bracinik yesterday
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O Determines QCD. Regime
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[N
]
RH 5ol

— LowQ? = Lowx
dense gluon states
search for safturation
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O Determines QCD. Regime
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—— Very low Q?
xs(Q?) becomes large =
quark confinment
fransition from quarks to hadrons
w phenomenological models
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2 Q@=27GeV* [ 35GeV’ [ 45GeV® [ 65GeV?
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Low Q% DIS Event

QZ

Sismanugt

Q* ~ pz2, — experimental challenge

For main detector: Q% > 2 GeV?
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Experimental Techniques at Low Q-

1) Very low Q? devices

Silizium-
Streifendetekicren
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Experimental Techniques at Low Q-

1) Very low Q? devices

Silizium-
Streifendetekicren

2)

Shifted
Vertex
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Experimental Techniques at Low Q-

1) Very low Q? devices

Silizium-
Streifendetekicren

Shifted
Vertex
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Initial State Radiation — Untagged.

| =7
E lamanns

T
A Hadrons

pl

Equivalent to inclusive ep

scattering af reduced s BST

2 I
Q° = xys

ISR-Y

= Access higher X YP bacKground rejected by BST
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Inelastic QED) Compton Scatterinyg

QEDC Eventin H1 Detector

EEEE

| ] Iy(k)

f e—
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B Equivalent to inclusive ep scattering at low § = low Q?

B DIS background at low x: ¥ fakes

B Medium — high X are measured

B Understanding of HFS at low masses = at low y
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F2=YZFL/Y+

o=

Current Results for Transition Region
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Precision ~2-4%

reached for inclusive data
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Current Results for Transition Region
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Precision ~2-4%
reached for inclusive data
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X Dependence of Fy at Low O?

» If saturation effects present,
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Extraction of M O?)
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Combined Extraction of M O?)
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Glwor and Fy
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B Critical corner — low Q? and low x
Gluon becomes valence-like or even negative
B Large spread of calculations for gluon and F;
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Determingtion of L.

B Datfa sensitive at highest y only

2
0y = F(x, Q%) — ly(—PL(x, Q?) B Direct measurement requires data
- at different s — lower E, runs
Q% = xys

Selueed Croms Sacor B Indirect determination at high y

é 2 C O = 25 Gov? » Newest approach — Shape method
L N { B ) 2
'>; SE og = cx ' — ZFL
L L
[
© - Shape driven by kin. factor rathen than F;
B 196-97
SGle ~ B Model dependent
" E= QcDFit (H1)
[ - F,QCD
O_'"" Ll
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N
O 1.2 ¢
o e — NLO g, fit (H1)
p
L i c H1 preliminary —— NLO fit (ZEUS)
- = H1 e’ —— NLO MRST 2001
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» New constraints from low Q? data

» F; spans 3 orders of magnitude in Q2

» Basic agreement with NLO pQCD fits

» Non-negligible F; at low Q?

» x dependence is still missing — need low E ) run
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Future Low. Energy Kun

H1 and ZEUS expressed interest to perform low E, run
DESY Physics Research Committee recommended a run of 3 months ~ 10pb !

c 08 s 08—
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Summary

B Inclusive data in pQCD region are well described by DGLAP
Strongly rising gluon towards low x
No clear sign for different dynamics, saturation . ..

B DIS—yp transifion region is described by phenomenological models
Accessed using special experimental fechniques
Transition occurs at ~ 0.3fm
Looking forward to final resulfs

B F; is important to pin down gluon at low Q? and low x
So far determined only indirectly
F; is described by pQCD fits at Q? > 2 GeV?
F; > 0also at Q% < 1GeV?
Planning low energy run af the end of HERA I
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Scaling Violations at Low X
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L i R \
S 05 Q° =36V
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0.4 - for Q% > 3 GeV?
03¢ B No sign of new dynamics
0.2 g S
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PDFs for LHC

10 F I L L L L L L
LHC parton kinematics
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Precise quark and gluon densities :
are required in the whole X range 10" ¢ E
to understand signal and background :
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Models for Low O Region

B Inspired by Regge approach — Pomeron + Reggeon exchange
Several models available

B Dipole models for low x region InC1/%)
Example: saturation model (Golec-Biernat, Wusthoff)
using Ry (x) — x-dependent saturation scale

= average gluon distance

L~1/x proton

photon

N e © ° 1 r~1/Q
dipole size
R\ o ¢

In Q




Data Are Described by Saturation Model

045f o HI » Fitted using 5 parameters
A G ZEE GBW + DGLAP evolution
0.35 | E
e ; (J. Bartels, K. Golec-Biernat, H. Kowalski)
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» E = F(1). T = Q?R3(x) - Geometric scaling .|
(A.M. Stasto, K. Golec-Biernat, J. Kwiecinski) [

Data manifest existence of saturation scale * ZeUs BrT 97
as used in safuration model Hllonos
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Saturation Region in Dipole Model
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Photon Radiation from Lepton Line

g=1-1'—k

Modified Kinematics
Access lower Q% and higher x

Disfinct topologies:

B Initial State Radiation (SR) : & || T

B Final State Radiation (FSR) : k || 77
B QED Compton (QEDC) : 7 || T




ISR Event in H1 Detector

F Access lower Q7
[ : b

LAr (SpaCal) B Detector acceptance and calibrafion

Addifional experimental challenges

B Backgrounds from event overlaps

- SpaCal (DIS + BH, op + BH, ISR + BH)

Hadrons

vC PD

- I l

Luminosity
System




Preliminary Results: Fo in ISR,
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Direct Determination of by

Modified kinemafics:
interpret as incident E = E, peam — Eo

Need much more ISR statistics

-04

-0.6

e ZEUS (prel.) ISR 96/97

= ZEUS NLO-QCDF,

- A H196/97

= ZEUSNLO-QCDF,

-4
10

-3
10

=



	Measurements of Proton Structure at low Q2 at HERA
	HERA ep Collider at DESY, Hamburg
	Inclusive DIS Kinematics
	Inclusive DIS at Low Q2
	Inclusive DIS at Low Q2
	Inclusive DIS at Low Q2
	Inclusive DIS at Low Q2
	Q2 Determines QCD Regime
	Q2 Determines QCD Regime
	Q2 Determines QCD Regime
	Q2 Determines QCD Regime
	F2 in pQCD Region
	Low Q2 DIS Event
	Experimental Techniques at Low Q2
	Experimental Techniques at Low Q2
	Experimental Techniques at Low Q2
	Initial State Radiation -- Untagged
	Inelastic QED Compton Scattering
	Current Results for Transition Region
	Current Results for Transition Region
	x Dependence of F2 at Low Q2
	Extraction of (Q2)
	Combined Extraction of (Q2)
	Gluon and FL
	Determination of FL
	FL at Fixed y = 0.75
	Future Low Energy Run
	Summary
	Backup
	Additional Information
	Scaling Violations at Low x
	PDFs for LHC
	Models for Low Q2 Region
	Data Are Described by Saturation Model
	Saturation Region in Dipole Model
	Photon Radiation from Lepton Line
	ISR Event in H1 Detector
	Preliminary Results: F2 in ISR
	Direct Determination of FL

