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The HERA Collider

m HERA: electron-proton collider
with /s = 318 GeV

27.5 GeV 920 GeV

O—» <-—

m Four experiments: HERA B,

HERMES; H1 and ZEUS
m Two data-taking periods: HERA | (92-00)

OnSe?t;ile etlr:;noei:n{ent m HERA-II: longitudinally polarised lepton
’ P ZEUEand H1 beam
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The ZEUS Detector

Uranium-Scintillator Calorimeter
Energy and position of particles
m covering 99.7 % of the solid angle

gem(E) _ 18%
E VE

m electromagnetic CAL:

; . %had(E) _ 35%
= hadronic CAL: Zhad’=l — TE

Tracking System

Direction and momentum of charged particles

m CTD: cylindric drift chamber
(length: 241 cm, 0.3 < 6 < 2.85)

m MVD: silicon strip detector
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Deep Inelastic Scattering

ek

W ZIWE(q)

X(

m Neutral Current (NC), v or Z
exchange.
etp — et X

m Charged Current (CC), W+
exchange.
etp — vX
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Variables which characterise DIS:

m Q? probing power, negative
4-momentum squared:
Q*=-q¢"=—(k—k)

m Bjorken x, momentum fraction
of proton carried by struck
quark:

x=Q/2P-q
m Inelasticity y:
y=P-q/P k

B s is the centre-of-mass energy
squared:
s = (P +k)?

m These are related by:
Q% = sxy
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Electron
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Neutral Current Events in the ZEUS Detector

m Well measured scattered e*.

m e® energy deposits and jet(s)

balanced in ¢.
m Kinematics may be
reconstructed in multiple ways.
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Motivation
0

Proton Structure Functions

+
—0r == Y+F2(x QR)FY_ XF3(X Q?) — yzFL(X Q%)

dominant relevant at high Q2 relevant at high y

2
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Motivation
0

Proton Structure Functions

+
2 _e*tp 2
doyne  27ma

dxdQ?  xQ*

YiFo(x, Q%) F YoxFs(x, Q%) — y?Fi(x, Q?)

dominant relevant at high Qz relevant at high y

polarisation of e

,
in =F —(veF Peae)XZF;Z + (Ve2 + a¢2e F2 P Veae)XZZFZZ

xFE = —( ac F Pove)xzxFi% 4+ (FPo(VZ + 22) +2 ve ae)\xFZ
3 ( + )xzxF3 (FPe(ve e) IXZzxF3

axial-vector coupling of e to Z vector coupling of e to Z
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Motivation
0

Proton Structure Functions

dzaeip 27102 . . -
G0 = xar |YrFalx @) F YoxFs(x Q%) —y*Fu(x, Q%)

dominant relevant at high Q2 relevant at high y

polarisation of e
-~ i
Fi = F) = (ve F Peac)xzF)? + (V2 + a2 F 2" Pe vea X3 Fs

xF5E = —( 2 F Peve)XzxF 7+ (FPe(v +32) +2 Ve a)xzxF

axial-vector coupling of e to Z vector coupling of e to Z

m [F), F;Za Ffl= Zq[eﬁ,%qvq, V§ + af,]x(q+ q)
z _

m X34, xFE] = 3 [eqaq, vaaqlx(q — G)

mF =~ gsxg
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Motivation
(o] J

Importance of High-Q? NC Measurements

m The NC cross sections are a

powerful probe of the parton Hi and ZEUS Combined PDF Fit R
. . . 1 r =
distributions (PDFs). % | | . g
Q=10 GeV 2
m The NC cross sections are wl LA 1~
sensitive to all flavours. |
xS | HERAPDFLO(HERAI)
m The difference between the e™p y 7 »\ HERAPDELS (prel)

and e~ p NC cross sections
gives direct access to the
structure function xF3.

m The longitudinal polarisation
asymmetry, A" ~ a.v, allows
parity violation to be directly s _ : -
measured. X

HERA Structure Functions Working Group
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Motivation
(]

HERA and the LHC

m HERA has a large

kinematic reach. o
6 10 8 Atlas and CMS
| HERA PDFS can be rB Atlas and CMS rapidity platsau
extrapolated into the 17 [ moceneslimi Jece
. £75 CDF/DO0 Central Jets
LHC region (DGLAP b = om
evolution). o
10 55 mMc
m HERA data crucial for 7 acous g
. 104 E665 d o
calculations of cne U= foo e 7
measurements and new 10?
. ¥y 6 -# -2
physics at the LHC. 102 VAR it
M= 10 CeV
10
1
10"
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NC e p results
@00

Neutral Current Sample (e*p Data)

m ZEUS-prel-11-003. m e'p data, taken

2006-
m This data completes the HERA-II ZEUS 006-07,

L£=135pb*
high-Q? inclusive analyses. . P :p+32%,

ZEUS L =78.8pb?

2 1 2 2 25000}
2 @| £ of o & © _ 0,
B, I % m P.=—-36%,
F o -1
. wf oo £ =56.7 pb
s e A werrrrrm——m Kinematic range:
log@y,,) o oa 2
2 2w 2 Q > 185 GeV and
g @ g v C} ™ o
ﬁ 2500 ﬁ ' ﬁ | 0 9
- ; y <0.9.
- o
. .
p o » m Data well described.
FEE ) R T T ) I
E,. (GeV) 8,, (rad) E-P, (GeV)
g o @ &« )
2 oo 2w Q7> 185 GeV,y <09
2500 10" . ZEUS €'p (prel.), 1355 pb ™
-
w [ s (rcerammoducion)
x 10|
; | I #roorrossionic
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NC e p results
oeo

do/dx and do/dy with P, > 0 and P, <0

i i
= 10°F Q2> 185 GeV? = 0 E
3 3
3 k]
10 E 10't E
10°F | ZEUS NC (prel) 1 10°F | ZEUS NC (prel.)
ep (78.8pb™") e*p (56.7pb")
10:L — SM (HERAPDF1.5) | 10’ —SM (HERAPDF1.5)
P, =+0.32 P, =-0.36
102 10" 1 10? 10" 1
X X
18000 [ = et
iy a
Siwnfl o ZEUSNC (prel.) Sisms « ZEUS NC (prel)
Fumf|  €P(78.8pbY) Fuonf| P (s6.7pb"
5 —— SM (HERAPDF1.5) 3 —— SM (HERAPDF1.5)
O 12000 |- P, =+0.32 12000F P, =-0.36
10000
a0l
a0l
el
2000

0 02 04 06 08 1
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NC e p results
oeo

do/dx and do/dy with P, > 0 and P, <0

g Z Z g
= 10°F Q2> 185 GeV? X 10F E = Q? > 3000 GeV? =
3 3 I ek ] 3 el ]
3 k] k] 3
10 E 10't E
10 4 101 4
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X x X x
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NC e p results
e]e]

with P. > 0 and P. <0

ZEUS m The difference between the two
polarisation states clearly seen

3 E at higher-Q?.
Fwg 7 IS el ; — RH: do/dQ@? with positive Pe.
WeE ——sm }HERAP&H 5) k
10 P, =
Q@ (Gev?)
«“m: T T E
i k
EK : ; ;
S ] « LH: do/d@? with negative P..
§miE - ZEUSNG (prel) -
wE W }HERAP&H 5) k
o P, =-0.36
10° 10° @ Gev?)
gjj:; — RH/LH: ratio of cross sections
alee with positive P./negative Pe.
© E H
Tuab - ziusumérel.) I m These results are not included
Lok e ar s : in the shown SM expectation
© g2t ! \‘ =]
o T e (HERAPDFL1.5).
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NC e p results
o

Asymmetry

ZEUS
2 ot (Py) ot (P

Py —P_ot(Py)+ot(P-

A+

"Uﬁ

1 . FZ 2e,V,

f ] AT~ 3eXZFr = AeXZ =gt X
] q

] aqu

m AT sensitive to v,.

t . ZEUS NC (prel.) ] m At increases with Q2.
0.5" ]

e*p (135.5pb™) ]
-IF — SM (HERAPDF1.5) ]

10°

vy
10 Q? (GeV?)
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NC e p results
o

o with P, >0 and P, <0

ZEUS

m Closed circles — positive Pe.

1 . .
\\ m Open circles — negative Pe.
0.5]
m Effect of polarisation visible at
0| H 2
Q7 =650 GeV’ Q” = 800 GeV* Q7 =1200 GeV* Q7 = 1500 GeV* hlgh_Q N
1]
0s Lo Q7 = 5000 GeV®
1 I 4
0]
Q” = 2000 GeV* ‘Q} = aot‘m Gev? ‘Q‘ = 500‘0 GeV? ‘Q} = eot‘m GeV*
1]

0_53\\%&!& .

0
Q? = 12000 GeV* Q?=20000GeV?Y  Q?=30000Gev? 107 107 0 | ]
1 o ZEUSNC (prel) 2 L
e (7880 3 1
—— SM (HERAPDFLS)
0s 10° 10" x
g © ZEUS NC (prel)
ep 66790
e 'S o | — sMERaPOFLS)
0 L L L L P.=-0.36%
107 10* 107 10° 107 10
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NC e p results
L]

do/dQ? do/dx and do/dy with P.=0

m Measurement over large

ZEUS , _
~ kinematic ranges.
8 T I 5 1 m The results will help further
= i3 constraining the PDFs.
g 10 1 10F E
g 0% 1
10°F 3
104F 1 1o E
107k E
10°F E 10°E i
1o 10° 10° 1&’ 1tlr‘ 1
Q? (GeV?) x
H + ZEUS NC (prel.}
e'p (135.5pb™)
— SM (HERAPDF1.5)
P, = 0 (corrected)

0 02 04 06 08 1
y
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o with P,

ZEUS

NC e p results
o

0 for ep and e p

T T T T T T
=200 Gev‘ Q” = 250 GeV* Q” = 350 GeV* Q" = 450 GeV*
s 1 1 I ]
% SR ]
=650 eev2 Q=800 GeV? Q? =1200 GeV? Q? = 1500 GeV*
s I I I ]
° st spbos— el s
0 2000 Gev’ Q =3000 GeV* Q” =5000 Gev* Q= 8000 GeV*
s I I I ]
°’\” RN
° B s
- 12000 Gev2 Q?=20000Gev]  Q=30000Gevy] 10° 10%
+ 1 o zeusnc ey
e'p (135.5pb Y
—— SM (HERAPDFLS)
osk I 1 1 Pe=o(ormected
g o zeusnc
\a ° p(169.9pbY)
© o« ] — sMiEraporLS)
OF T S ! il ! 4 Pe=0orecteq)
0% 10* 10°  10" 10* 10"

e Januschek DESY

et p Neutral Current C

ross Sec

ns at HERA and Determ

m Closed circles — Full e™p data

set.

m Open circles — Previously
measured unpolarised e”p G.

m Difference between e™p and

e™ p clearly seen.
m Described well by SM
predictions.

to Q7 = 5000 GeV*
1_ -

0.5¢ .
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NC e p results
L]

xl-_3 Extraction

+
2
ZEUS - &eip _ XQ4 id O.;/CP _
250 Gov” ‘n‘:asf‘neuv‘ 'q‘-ns&s.v‘ 27TO¢2 Y+ dXdQ2

Ny \ NEAN R s

Y 2
i } 4 Y FL(X’ Q )
Q* =650 é-v* ﬂl)ﬂGaVk la‘=1zu‘nscv‘ qu-ﬁn‘ns.v *

h 1 1 1 ] m Difference of e"p and e p

ook \\ 1 \\ I 1 \ = xF3-extraction.

m Expected to contribute at

of
'

of I I I 7
'

L ' | )
i t t it .
Q= 2000 6oy * Q'=3000GeV']  Q'=5000GeV:] Q' =8000Gev h |gh_ Q2
h e T 1 E .
fre— ’Hw sl
Q% =12000 GV * =20000GeV] Q'=30000Gev? 0% 10"

+ o ZEUSNG (prel)
&P (135.5p0")
—— SM (HERAPDF15)

osf 4 + .
o zEUsKC
k X s o (169,955
ut ¢ | smerarorrs)
Ol L a1l L il il L P.=0 (corrected)
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NC e p results
o

xl-_3 Extraction

ZEUS

Q* = 1500 GeV*

Q*= 2000 GeV?

Q? =3000 GeV*

k8

Q%= 5000 GeV?

dz = 8006 GeV?

i
1
B

© = 12000 GeV?

Q2 =30000 GeV?

Friederike Januschek DESY

102 10"
« ZEUSNC
(prel)
e*p (305.4pb")
— sm
(HERAPDF1.5)
----- SM (CTEQ6D)

m 1355 pb~! et data and
169.9 pb~' e~ p data combined
to extract xFs.

m Difference between e™p and
e~ p gives xF3.

xl~:3(x, Q2) - ZYT"; (5e*p _ &e+p>
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ZEUS

NC e p results
o

xl-_3 Extraction

Q* = 1500 GeV*

Q*= 2000 GeV?

]

Q? =3000 GeV*

Q%= 5000 GeV?

i Q2=8000 GeV?

wﬁ‘ﬁ S

* ZEUS NC
(prel)

e*p (305.4pb")
— sm

(HERAPDF1.5)
- SM (CTEQsD)
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m 1355 pb~! et data and
169.9 pb~' e~ p data combined
to extract xFs.

m Difference between e™p and
e~ p gives xF3.

xl~:3(x, Q2) - ZYT"; (5e*p _ &e+p>

m Most precise xF3 measurement.
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Summary
L]

Summary

m Both the single differential and reduced NC e™p cross sections have
been precisely measured for right- and left-handed polarisation.

m This data completes the ZEUS HERA-II High-Q? inclusive data.
m Effects of polarisation are clearly visible in the e™p data.

m Through the polarisation asymmetry parity violation has been
directly measured.

m xF3 was extracted— measurement of the valence quarks

m Data will help in better constraining the PDFs.
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BACKUP
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Luminosity and Polarisation

M
8
8

m Luminosity measurement through m Spin rotators to get longitudinal
Bethe-Heitler process ep — e'py polarisation
m Two independent measurements by m Two independent polarisation
Photon Calorimeter and Spectrometer measurements
m Precision: 1.8% m For 2006/07 e" p:
m For this analysis: Lins = 135.5pb ™" P.(RH) ~ +0.32
405 HERAL 2002 - 2007 (Elnt —78.8 pb—l) and

P.(I H\~ —N3A

Integrated Luminosity (pb™)
g g

75

50

25

0 50 100 150 200 250 300 350
Days of running
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Reconstruction of Variables - Double-Angle Method

m The polar angles of the electron and
the hadronic system are used for the
reconstruction of the kinematic
variables (Yhad, Oe).

m Result does not depend on the
absolute calorimeter energy =
measurement in the detector.

m Best-suited two-variable method.
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Reconstruction of Variables - Double-Angle Method

m The polar angles of the electron and
the hadronic system are used for the
reconstruction of the kinematic
variables (Yhad, be).

m Result does not depend on the
absolute calorimeter energy
measurement in the detector.

m Best-suited two-variable method.

< Electron

Qz _ P2 sin(had ) (1+cos(8e))
DA € sin(Vhad ) +sin(0e)—sin(Yhad+0e)
wq — Ee . Sin(Yhad)+sin(0e)+sin(Vhag+0e)
DA E,  sin(Yhad)+sin(0e)—sin(Vhad+0e)
sin(0e)(1—cos(Vhad))
sin(Yhag ) +sin(0e ) —sin(Yhaa+0e)

YDA =
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