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Deep Inelastic Scattering at HERA

Neutral Current (NC)DIS: e*p-e* X

DIS kinematics:

Profdn
Q?=-g? = -(k-k’)? virtuality of ~*, Z°
X = Q?/2(Pq) Bjorken x

_E'e_‘“f"_ _ y =(Pg)/(Pk) inelasticity
k
Q2= sxy s=(k+P)?
S K
~
Electron
Opis ~ O ® pdf (x)

— probe proton with the spatial resolution of X\ ~1/Q c - perturbative QCD cross section
—> probe the EW sector of the Standard Model pdf — universal parton distribution

functions
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NC cross section

d‘o; p_27za2

dxdQ®>  xQ

F, dominant contribution
xF3 important at high Q?; ¢
difference in the sign for e*
important only at high y:
expected to be negligible at high Q%& x; 02
inQPM F,=F,-2xF, =0

F

Reduced cross section:

2 et p N 2
Gi = d’oyd xQ" 1 E|:2_y_|:L¢L
dXdQ 27Z'CZ Y+ Y+ Y+
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| Y.F(x.Q*) - y*F (x,

Q%) FY XF,(x,Q%) |

Y, =1+(1-y)

- no polarization

— L polarization

— R polarization
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Polarised NC Structure Functions

2 2 \?
F=F—(v.+ Pae)QzKQI\/IZ Fy? +(v§+a§i P82veae)[Q2’<QM Zj F?
+ Z + Z

2 2 \?
xF; =—(a, £PV,) AQ 2xF3yZ+(2va +Pe(vez+aez))[ AQ ijgz

— e Q2 n MZ e’'e — QZ + MZZ

_ Ng=N_  Ng(Ny)- number of right (left) o2 My 1 My,

® Ny+N, = handedleptonsin the beam M2 M2
in QPM: R, FJ2 R | =xD el 2ev,, v +al |(q+T)

q
:X|:372 XF7 ] — ZXZ [eqaq Vqd, ](q -7)
q
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HERA || performance

Status: 26-June-

7 B ! 1 HERA II:
& - detectors and luminosity upgrade
i
§ 200, e e, - Lumi (P) €'p (2003-04) € (2004-05)
- H1 27 pbt (+34%) 30 pb? (+37%)
g ZEUS 12 pb(+32%) 43 pbl(+33%)
= 12 pbl (-41%) 79 pbl( -27%)
T 100 -
HERA| ~ 100 pb! ~ 15 pb?
S0 -
- longitudinally polarised lepton beams
05 o o =l natural transverse polarisation

(Sokolov-Ternov effect) + spin rotators
typically P, = 30-40%

data taking with positrons till mid 2007: build-up time ~30min

— double the sofar collected statistics

— low proton energy run for direct F, measurement

Days of running
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NC&CC DISat HERA |1

HERA Il
C:«I—h | T T TTT T T I I TTTT | 3
> ] .
® % H1'pNC 0304 (prel) Unpolarised results:
S 10 A H1epNC2005 (prel) 3 _ _ ,
o O ZEUS e'p NC 2004 . combine e*(e-) data with different
~ o ZEUSepNC 04-05 (prel.)g polarisations and correct for small
S DD ™™ SMe'p NC (CTEQSM) residual polarisation
E 10_1 : —— SMe'p NC (CTEQBM) —
° R 3 . %
B Neutral |  Probe proton:
- e urrem' . quarks are pointlike down to
10°E  * H1e'pCCO304 (prel) e E 1/1000 of the proton radius
E A H1epCC 2005 (prel.) . < 10-18 m
E = ZEUS e'p CC 2004 é‘ 2 — r
E e ZEUS ep CC 04-05 (prel.) Chqr‘ged ’F §
S - SMe'p CC (CTEQEM) R — .
10°E T rerecwmany CUrrent .1 EW component of SM:
:E y<0.9 " g; ONC ~ Occ at QZ ~ MZZ,MWZ
§ Pe=0 | | - — electro-weak unification
10-7 — 1 | | L1 1 11 1 1 | 11 111 —
10° 10
Q% (GeV?)
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Unpolarised NC:  d?o/dxdQ?

ZEUS

H1 Preliminary
Q2=1500 GeV? Q?=5000GeV: Q?=12000 GeV?

o F
bz 1E H1 PDF 2000 ® e'p2003-04
! O ep2005
0.75¢ " =1500 GeV* "\ G = 2000 GeV* "\
05k ‘~'9 1% = 3000 GeV* Q7= 5000 GeV? Q7 = 8000 GeV? -
~E ) 0.3 + T .
5 X 0.6 . —+ * - ] N
0.25 \ o O e T o
N % .¢ 0.4_ T e, T A §
C Ti\s\a 021 T T ac\‘;\;
0 [ |ll|||l Ll L 11l Ll ||ll||l Lol L 1Ll Ll |||l||l Lo uinnl 0__,, . — —y - T Y NP e

e F—HHHHH— - HHH
1MQ? = 12000 GeV? TQ?=20000 GeV® T Q?=30000 GeV? 7

1 A ]
10 1 10 1 10 1 0.8f +o zEUS NC +e ZEUS NC (prel.)
X g-z_‘ W | erE32ppY) o T epi22ph?)
. AL ¢ |- SM(ZEUS-JETS) %, T--SM ZEUS-JETS) _ ]
ep lumi at HERA II: 6-8 fold of HERA T 021 E"k b, =0 m*;,* b, =0 (corrected) 1-"
. ST BRI BRI . ol ST ETTTT SRR N RTTT MRS T iy, . ot BRI SR ST 1T B,
9 determ| ne XF3 102 10" 102 10! 102 101

X
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Structure Function xF,

ZEUS

— Y+ ~— ~+
Xk, = (GNC_GNC)

2Y _

H1 Preliminary

Q*=1500 GeV? Q*=5000 GeV® Q°=12000 GeV? - Q%< 5000 GeV? T Q%= 8000 GeV?
™ e
zL>|E [ i [ ! ! ! ! oZElljs NC (prel.)
0.2 - ® H1HERAI+I |- - 0.2k 1 e*p (185 pb™ i
- — H1PDF 2000 | - ~ SM (ZEUSHJETS)
[ =
0.1 - - - '% 0.1
: L : g
I I I E 0 ............................................
ol i 1Y b S
I I il { ° | Q%= 12000 GeV®> | Q%= 20000 GeV®> | Q= 30000 GeV?
il MR ETT T R W T B W ETT T A W R | 2 ol T |||||| [ ||||||| Ll 1 cocrndd e 1 Lol
10" 1 10" 1 10" 1 10" 1 10" 1 10" 1
X X
Precision of xF. is improved by ~ 20% .
3 P 4 mostly due to ~Z interference —

due to larger e-p statistics at HERA II
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XF;* = —xF;-(Q°+M?) /(a,xQ")

S L S XFsyZ: ZX'[euau(U_U)+edad(D_[_)):|
e I H1 (prel) | e . ZEUS (prel.)
1 vmmees 1P| samsea: | Little dependence on Q2
| a6 b 1 — transform to one Q? value of 1500 GeV?
; ; } S R and average (all Q% & H1 & ZEUS)
= o4 -1 md 4
] ; II { ¥ Sum rule (counting of the valence quarks):
— 0.2 =~ -
autE } [ x K= j(2u +d,)dx =2
1 10 10 1
x X X _
v, ! w 1 xXF/%= —(2uV +d,+A)  A=2(ug, —T+c—T)+(dy, — d+s—3)
s L H1+ZEUS Combined (prel.) 3
08 _ Q*=1500 GeV? _
0s | e e 1 Combined H1 & ZEUS results:

0.65

F/% dx=1.21 + 0.09(sta) + 0.08(sys)

0.02
consistent with H1 PDF 2000 fit: 1.12 + 0.02

. ZEUS+Jets fit: 1.06 + 0.02
1 0.65

Adx = 0.09 + 0.09(sta) + 0.08(sys)

consistent with zero

0.4

0

N L L L L L L L N L L L L L L L L 0.02
107 10" 1
X
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Polarised NC:  d?o/dxdQ?

ZEUS

small differences between cross
sections at highest Q2 due to
polarisation

PR T I I - 1 A
crrrrtrrrT g Tt T T T T

? = 250 GeV?

\ (=] \
T T T T T T T T T 1717

polarised double differential
cross sections are used in the
combined PDF & EW fit

— see talk of Yong Dok Ri

c.~2 = 450 GeVQ T (?.~2

=)
oS - (&)
TTTTTTTTTT

Q%= 1200 Gevﬂ
l-c:2 3000 Ge\F --c.-2
0.8~ P.=-0.27

0.6/~ &
g:i Pe:+0.;§N\“ \
. SO - to emphasize an effect of polarisation:

T t I I.
1rQ? = 12000 GeV> T 02 '20000 GeV2 '_'c.'2 30000(3.«.\\#2

T
.
E:.l. y
1

08¢ JozEUsNc(prel)  TeZEUSNC(prel) single diff. cross sections —
0.6 v T epz27pbY) T ep (78.8pb7) ] :
0.4r- T- SM (ZEUS-JETS)®,  T--SM (ZEUS-JETS) . ]
0'3_‘ &e" P, =+0.33 Q&' P, =-0.27 | 3\'
[— reenl s ey il Ll Loyt sl Lo [

107 10! 102 10? 102 107
X
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Polarised NC:  do/d(Q?

Neutral Current

S 10°E
LW ZEUS
&) 10 ? * H1 03-04 e'p (prel.) - T T T T 1711 | T
2 L —SM (H1 PDF 2000) = 10 (@)
g 3 o
S wif 5 1
~ E - 2. 1
‘% 102 E e+p S ’ 10 e ZEUS NC (prel.)
E © -2
= ik g 2 WE ep@27an?
P = S 10" E—— SM (ZEUS-JETS) _
L 0.9
- © 107 P, =+0.33 e p
107 1(1]3 . 1(\]4 . T 10_5 L1 |||||1I|:|3 L [ |||||1I[|)4 |
Q* (GeV?) Q% (GeV?)
< 10 E o T T T T T T T T | T
> E =>
C 10
S 10k e H1 03-04 &'p (prel.) & (b)
2 1L —SM (H1 PDF 2000) s 1
— E o
~ E — —1
S 0k ‘blﬂ‘ e ZEUS NC (prel.)
~ g c - 107 - -1
2102 e+ % © 03 *P(78.8pb7)
8 E [ © 10" E_— sMm(ZEUS-JETS) -
® 107 F £ 107 P, =-0.27
.45 Pe<=0-¢910.2% bS] -5 1 E=| |.||||| 1 l 1 |||||| [
W YR 2 10 10° 10*
105 C "i(')g EE— 'i(;‘ - Q2 (GeV?)
Q* (GeV?)

Each experiment: 2 lepton beam polarities and 2 polarisation periods
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NC: polarisation ratios o(P.>0)/o(P.<0 )

xQ°
Q°+M;

+33.6%) / d%(Pe = -40.2%)

P =-27.0%)

do
dQ? ¢

+37.0%) /

€

do
dQ?

=
= =)

=
o

S e - - =
= % — [ = 2

e
=
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Neutral Current

® H1 03-04 €'p (prel.)
—SM (H1 PDF 2000)

= Norm. uncert.

G (P =1+0.32) / 6 (P =—0.41)

€

Xz =

15 |
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== T -8
C + T -E 1 1 i
n 9 * ZEUSNC 04 ¢ .
- e+ g —— SM (ZEUS-JETS) e+ .
= p 8 © 05 L P =+0.32/ P =—0.41 p _
= ~— " 1 11 | 1 | 1 1 1
C Ll . ) i I 3 4
10 10 P, |
10° 10* Q™ (GeVY)
Q* (GeV?)
C "r:" B T T T TTT | T T T TT1 | T T ]
- e H12005ep (prel.) N 147 _ i
" —SM (H1 PDF 2000) ? L e (€)1
L =Norm. uncert. - :_m =L p _
: ep | ¢ i e o
3 = | e ZEUS NC (prel. —|
S S £ 4 . c 5 08 ° (prel.) i
N S - [ —— SM (ZEUS-JETS) N
C w o 0.6
- mE i - P, =+0.33/P_ =-0.27 .
C ﬁ a’ 0.47 Lo vl ! Ll | H
- 3 ¥ 10° o ,
B = GeV
co o T Q“ )
3 o o o .
10 10“: Gev?) Polarisation effects in NC at HERA are established
e
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Polarisation asymmetry

HERA
r T o ! H: "-f 1 r TTTTT T j H:
= = 0.8 =
r H1 (prel.) ] ZEUS (prel.) ]
= - 0.6 =
0.4 - &
0.2 F + H -
0.2 -
0.4 -
F £ ] -0.6 -
T — H12000PDF ' 1 -- zEls JETS ]
e = -0.8 - PDF =
wl vl I T T R ST
10° 1t ' 1w
Q’ (GeV?) Q* (GeV?)
]
a3 H1+ZEUS Combined (prel.) E
| - + —
A .
E P 7
‘ ]
- o A- L
e = A =
2 —— 12000 PDF .
- ZEUS-JETS PDF E
L1 ‘ 1 ‘
10° wt
Q’ (GeVY)
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Polarisation asymmetry (H1, ZEUS, H1 & ZEUS):

2 GNC(P) GNC(P)
-R GNC(P )+GNC(P )

P, >0
P. <0

[+

P

— a direct measure of parity violation in NC

F,?
|:2

xkQ° 1+d,/u,
Q*+M?Z 4+d,/u,

a xQ? .
Q*+M;

A =7 =+

A'and A" are of opposite sigh
0A = A*-A- ~ 0 at low Q2 and
significantly >0 at high Q?

x? for DA with respect to zero (Q? > 5000 GeV2):
\2/dof = 4.0
probability of 3.1 102 for dA to be zero
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Summary

- The NC cross sections for e*p scattering with

longitudinally polarised lepton beams are measured
at HERA for the first time.

- The structure functions xF;, XF3'% directly sensitive to
valence quark distributions are determined.

- Clear evidence of parity violation in the NC interactions
at high Q2 is observed.

- The results are presented individually for H1, ZEUS
and, for the first time, as combined HERA results.

- The Standard Model is able to provide an excellent
description of the data.
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