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Introduction

LEP/SLD
Mz, Iz, Goh, R,

Aeg Py Ry Ry = {7 Mys Ty Moo

b C
AFB ’ AFB ’ Abl Acl

Ay Qrg---- S ﬁ P

HERA

HERA = t-channel exchange of W= and Z°
— High Q? at HERA = Q2~electroweak scale

— Need high luminosity
— Longitudinal polarisation of lepton beam

e Cross sections are convolution with proton structure functions
— Need to take care of this in EW measurements

a(ep) = Y, 0(eq) ® q(x,0%) = EW ® QCD
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Introduction

Two deep inelastic scattering processes:

8 — Neutral current: exchange of y or Z0

— Charged current: exchange of W+

Q2=_q2=_(k_kl)2
_ 0 _ra
X=%a YT ok

Q?is the probing power 2 2 o
X is the Bjorken scaling variable s=(p+k)” Q =x-y-s
y is the inelasticity
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Charged current DIS at HERA

CC e'*p cross section: Sensitive to density of d quark

d’cC(e*p) _ G} ( My

2
e +Q2) [ﬁ+ c+(1- y)z(d+ S)]

CC ep cross section:

do (7p) _ Or (M 2[u +e+(1-y)’(d+7)]
dxd0®> 27\ M} +Q? Yy

T

Sensitive to density of u quark

Electroweak couplings and propagators the same but electron/positron-proton
collisions probe different quark content of proton

Big difference in cross section magnitude
— u-quark density larger than d-quark
— d-quark contribution suppressed by helicity factor (1-y)?
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Neutral current DIS cross section

d*0" (e P _ 2n o’

2
v r-LF T ars]  v.-1x(-y)
ddQ XQ4 [ 2 v, L Y+X ] ( y)

Dominant contribution T
Sizeable only at high'y

Fy=F"+ 5 =F+ [Q+ ]F * D (q+q)

+
qg=u...b

2
3 02 iz 02 7 .
.X'F3— 0%+ M2 XF3 +|:Q2+M§j| XF3 e E(q_Q)
q=u...b
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Recent results: Combined fits

e Fit only HERA data
— Neutral current DIS cross sections
— Charged current DIS cross sections
— Inclusive jet cross sections in NC DIS
— Di-jet cross sections in photoproduction

o Fit for BOTH the PDFs at NLO in QCD and
electroweak parameters

o Fits for PDFs follow previous publications

H1 PDF 2000 - Eur. Phys. J. C30 (2003) 1.
ZEUS-JETS - Eur. Phys. J. C42 (2005) 1.
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Reminder of QCD fits for PDFs

HERA F, ] .

R R ET— e F, dominates cross section

= x=0.000161’“ ~—— ZEUS NLO QCD fit . L

£ DAL gy mrorsewn — Directly sensitive to sum of

LRy I g et quarks and antiquarks
.:-:—:AE“‘!--‘ x=0.0013 S 2R — G_luon_ denSity via Scaling_
N 7 s violations at low x (and jet

4 Yo/ 4

VLA e data is ZEUS fit)

; .'.;‘.f-":..,..u""*": e Valence quark distributions
et o from high Q2 CC and NC

x=0.021
..: .== X

hf‘f;;::_‘,....»w cross sections and sum rules

aBee —0.032
1 e l"."."‘w T 1 # x=0.032
o V“’

L] =
e Bmpgnansw gyl x=0.05

(8]

i »-u'.v-!|lll| 8 g x=0.08

A e Idea that low Q? data
Y Wit L 348 T dominate the PDFs and high

esevmasata g 344 ] {40

PO Q? the EW parameters

e w W W w3 First H fit, then ZEUS...
Q*(GeV?)
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Combined fit: M,

Phys. Lett. B636 (2000) 1
Look at the EW part of CC DIS cross section in more detail

dzacc(eip)_ Gr
2 _ﬁ (Q+Mw) (I)(XQ)

dxdQ

Simplest fit:
M,y & PDF parameters free (o, fixed)

G fixed to value from muon decay
NC EW parameters (a, M,, G;) fixed to PDG values

Sensitivity comes solely from shape of cross section as a function
of Q2
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Combined fit: M,

Phys. Lett. B636 (2000) 1

Fit for M,, and PDFs simultaneously yields

M, =82.87+1.82(exp)! ;. (mod) GeV

e Model uncertainties include

O, Qo, szin etc. E H1 G-M,,_-PDF
e 3/ndf=0.87 ° - s
e 2006 PDG M,,=80.403+0.029 GeV o s e

e Small correlation between PDFs and M,,
e Model independent measurement
of mass of whatever mediates CC DIS
reaction at HERA

N —e

0.115

*  World Average

75 80 85 90
M,,op (GeV)
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Combined fit: M,

Phys. Lett. B636 (2000) 1

Replace G; with SM expression in the on mass shell scheme

dZ cc + G M2 2 + 2
o (e"p) _ F,(Q W )(I)(.X',Q)

dxdQ* 2 2eM 3

A N N N N TR O*(x,0°)
dxdQ> agd ( 2, )2 A \Q%+My, ’
M| 1-2

Mz

Not a measurement but determination of a parameter within the
SM framework

But what about Ar?
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Combined fit: M,

Phys. Lett. B636 (2000) 1

e Need to calculate Ar (o, M,, My, My, M,)
e W propagator self energy
e Use EPRC by H. Spiesberger

r

— / .

Ar=Aa - C_"fg:vv Ap + A

2
Aa,, A, Ap < m; Ar, oInM,
Photon vacuum polarisation:  Large mass difference Log dependence on Higgs
lep is computable between top and b-quarks  mass, m, and higher
had from e*e™ data (combined 0.03) order corrections (0.01)

(combined 0.059)
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Combined fit: M,

So what did we gain?

Now the normalisation of
the CC DIS cross section
also contributes

Increase in sensitivity =

(also do a similar thing
with NC cross section to
gain some sensitivity from
there too)

B. Portheault DIS ‘05

CC cross section ratio in MOMS scheme

Mw’=80.425 GeV

o(Mw’+1 GeV)o(Mw®)
o{Mw"+200 MeV)/o{Mw")
c{Mw’+10 MeV)/c(Mw’)

CC cross section ratio in OMS scheme

Q° GeV?

o(Mw’+1 GeV)o(Mw’)
o(Mw’+200 MeV)/o(Mw’)
o{Mw’+10 MeV)/c(Mw®)
Mw’=80.425 GeV

3
10

10
Q° GeV?
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Combined fit: M,

Phys. Lett. B636 (2000) 1

Use m.=178 GeV, M, =120 GeV =>» y/ndf=0.87

M,, =80.786 = 0.205(exp)**%* (mod) + 0.025(m )
~0.084(M,,) = 0.033(Ar) GeV

Use world average M, to get sin*6,, =1-= "

z

sin® 6, = 0.2151= 0.0040(exp)’y o1, (th)

Can also turn this around and using world average M,, estimate m,
or even M, from HERA data!
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Neutral current DIS cross section

q
A ::> ig u Vq_aqVS
cosOy, Y 2

Axial coupling: a,=T3 (=+1/2 for u, -1/2 for d)
Vector coupling: v,=T3 -2e.sin?0,

2 2 72 .
Fo= F" 4 G B+ g | P = 2@

qg=u...b

2 2
Q" +M,

2 2 2 _

q=u...b

DESY forum 12th & 13th September 2006 Page 15



Combined fit: a, 4 and v, 4

Phys. Lett. B636 (2000) 1

r—= - -——----------

F, = E(e —Zeva +(v +a)(v +a)P) x(g+q)

q=u...b

_ 1 0’
Remember that P,>>P?, and v_,~0.04 P, = sin” 6y, Q% +M2
= xF; y-Z0 interference term is largest

=» Expect axial coupling of u-quark to be best constrained

Fix Ge and M, in CC and o, M, and M, in NC and fit for all four
couplings a,,Vv,,a4,Vy
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Combined fit: a, 4 and v, 4

Phys. Lett. B636 (2000) 1

1 H1 (v -a -v-a,-PDF) > 1 H1 (v -a -v a -PDF)
—— LEP preliminary —— LEP preliminary
—— CDF — CDF
RS \‘\’ 05| \
0 | 0f | 68% CL
0.5 051 \ N\
-1 * Standard Model H1 -1 < Bardaansds Hi1
4 05 0 0.5 1 4 05 0 0.5 1
a, a4y

First HERA measurements
More sensitive to u-quark as we expected
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Combined fit: Isospin

Test sensitivity to right-
handed weak isospin

v, =T -T ,=2e sin’ 6,

q,L: q,R |
|

| I

_ 31 3

a, =Ty Ty

e s e - -

Fix T3, | and sin“9, to SM
values and fit gives right
handed values

=» consistent with zero

Phys. Lett. B636 (2000) 1

u,R

H1

 Fit I, o-I%, o -PDF
‘% Standard Model

0.5
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Polarised charged current DIS

Charged current is left-handed in Standard Model

___Wi_ :> M 1_

Polarisation is asymmetry of helicity states

=» Can use polarised beams to directly test chiral structure of the Standard Model

CC cross section modified by P_:

ocd (P)=(1£P) 0t (P, =0) P, =33

e Ngp+N;

Polarisation scales P,=0 cross section linearly - clear and large effect at HERA

Standard Model predicts zero cross section for P,=+1(-1) in e (+)p scattering
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Dependence on P,

Submitted to ICHEP ‘06

Charged Current e*p Scattering

gL T T T T ] Clearly demonstrate linear
b8 - e H1 Data 2005 (prel.) - dependence on Pe
100 © H1 Data 98-99 7 . .
I +ZEUS Data 04-05(prel.)} @ Consistent with left-handed weak
4 ZEUS Data 98-99 i ) . i
8ol | S g interaction in SM
I $ ® H1 Data :
4 ZEUS Data i .
60[~ 3 " o (P, =-1)=-3.9%2.3(stat.) £ 0.7(syst.) = 0.8(pol.)
40:_ SM(1.EDE2000) & _ 0P (P, ==1)=7.4 = 3.9(stat.) + 1.2(syst.)
i 2 ] _
€er = = — + + +
20~ l. O 400 GeV? . o "(P, =+1) =-0.9 £ 2.9(stat.) £ 1.9(syst.) £ 2.9(pol.)
: A ] e’ p
% S I DR A B o (P, =+1)=0.8 = 3.1(stat.) + 5.0(syst.)
-1 -0.5 0 0.5 1

Pe

Best constraint so far M, >208 GeV
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Combined fit: M,

Submitted to ICHEP ‘06

M,y (GeV)

ZEUS (HERA I 60 pbl)

78.9 £ 2.0 (stat.) £ 1.8 (syst.) £ 2.0
(PDF)

H1 (HERA I 120 pb)

82.87 £ 1.82 (stat.) £ 0.25 (syst.)

ZEUS (HERA-II 240 pb! (prel.))

79.1 £ 0.77 (stat.) £ 0.99 (syst.)

Improvements in precision from:

— Extra luminosity

e Remember ep has much higher CC DIS cross section
and HERA II data is ep

— Combined fit

e Reduction in systematic error by fitting PDFs too
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Polarised NC DIS cross sections

NC cross section modified by P:

2 + N,-N

d-o(e 219) 2o’ [H + PH* ] P = NR NL

dxdQ xQ ? RTINL
Unpolarised contribution I

Polarised contribution - only includes Z and yZ terms

= S(eiar b, -2ay s+ aF) X+ )
—u.b

E(Ze v A .2av (v + a )sz x(g-q)

q=u...b

=» Expect vector couplings to improve with polarised data
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Combined fit: a, 4 and v, 4

Submitted to ICHEP ‘06

ZEUS ZEUS

>'o L L I L L L I R mﬁ B L L N I R

i [ ZEUS-pol-v -v,-PDF (prel.) ] 1 [ ZEUS-pol-a -a,-PDF (prel.) ]

| I total uncert. - I total uncert. .

~ uncorr. uncert. — - uncorr. uncert. —

B ZEUS-JETS-v-v,PDF (prel.) i B . ZEUS-JETS-a,-a,-PDF (prel.) i
05 0.5

i * SM ] i * SM ]

0 . 0 =

05~ 0000 / — 05— -

{— 68%CL _ 1~ 68%CL ol

Coo b v b b b Coa v v bova b b

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Vu a,

Polarised lepton beam gives substantial improvement
- particularly in v, 4 as expected
- fit is for v 4 (a, 4) while fixing a,, 4 (v, 4)
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Combined fit: a, 4 and v, 4

Submitted to ICHEP ‘06

ZEUS ZEUS
=] (T[T T T T[T T T T[T T T T[T TTI[TT_ >'U (TT [T T T T[T T T T [TT T I [TTTrI[rT]
1 o ZEUS-pol-a -v,-PDF (prel.) ] 1 0 ZEUS-pol-a -v,-PDF (prel.) T
~ [ total uncert. . - [ total uncert. ]
1l uncorr. uncert. ] 1 uncorr. uncert. ]
0.5/ WM HiaqvPDF < ] 05 } W H1-a,v,-PDF N\ E
\\ ] \
D_— — 0 -
L (\ ] B i
_ \\ \ | ~ -
05 o - 05 —
B = D * SM ]
n = ?:thF 7 : — CDF |
1~ 68%CL —Lep 4 68%cCL —Lep
ErelivepelesasTagaa laay el g NI NN RN RS NN N
-1 05 0 0.5 1 -1 -05 0 0.5 1
a, A4

HERA measurements competitive
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Combined fit: Isospin

Test sensitivity to right- Submitted to ICHEP 06

handed weak isospin ZEUS
"'Un: | T 11 | T T T T ‘ [T 1 | I,
; :_ - _3__5 s 1:_ - ZEUS-poI-TER-T'jR-PDF (prel.) _:
Vo =dg=Iorrm 2e,sin” 0, B uncor e :
| | 050 + ]

a =T +T," ‘

qg  TqL'" Tq.RI T :
L 0 .
Fix T3, to SM values 0.5 B
and fit gives right-handed AE sexer -
Values _l | I L1 | I | Ll A L1 | I L1 I | l_

-1 -0.5 0 0.5 1

=>» consistent with zero
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Other ideas...

e Variety of ratios and asymmetries of cross sections possible, for
example

= _ 0" (e*p)
- K= o (e*p)

> DESY-THESIS-2006-005
sin’ 0, = 0.227 = 0.013") 0

A* = o " (exp)-0" (efp)

o (et p)-0" (e])

|
=
I

o (exp)+a ™ (efp)

_C 0" (e rp)-0" (e] zp)
L.R

o ¢ (e rP)+O Ne (ef rD)

e Idea that experimental systematics and PDF dependency reduced by
cancellation

e  WWy coupling from radiative charged current, real W and Z
production.... sensitivity modest.
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Neutral current P, asymmetry

Form the polarisation asymmetry:

At = 2 0" (Pg)-0*(P;)
Pr=P; g*(Pr)+0*(P,)

to a good approximation

+ —_ 0?
A = +kae F‘L2 k - 4sin29W1 cos20W Q2+M§
which is quite insensitive to the
PDFs and proportional to a.v, and
therefore a direct measure of parity
violation

More accurate determination with
more data (this with 0.48 fb1)

0.8

0.6

04

0.2

-0.2

-04

-0.6

-08

Submitted to ICHEP ‘06

HERA

H1+ZEUS Combined (prel.)

H1 2000 PDF
ZEUS-JETS PDF

10° 10°

Q* (GeV?)
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Future prospects: Luminosity

H1 fit (~120 pb1) a, vV, aq V4
v,-a,-V4-a,PDF 0.56+0.10 | 0.05+0.19 -0.77+0.37 -0.5+0.37
v,-a,-PDF 0.57+0.08 | 0.27+0.13
v4-a,-PDF -0.80+0.24 -0.33+0.33
SM 0.5 0.196 -0.5 -0.346
ZEUS fit (~240 pb1) a, v, aq Vy
v,-a,-PDF 0.5+0.04+0.09 | 0.19+0.06+0.06
v4-a,-PDF -0.49+0.14+0.28 | -0.37+0.14+0.16
asa,-PDF 0.48+0.06+0.10 -0.55+0.10+0.21
V4-V,-PDF 0.12+0.10+0.06 -0.47+0.15+0.19

e u-quark better constrained (e*p data will help d-quark)
— precision better than 20% for u-quark but ~50% for d-quark
e Basically measurements scale with luminosity
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Future prospects: Polarisation

HERA workshop ‘95 M. Kataoka

>=0.25 r ©-02 400

b P
% Stat on Sy
0.225 0 Stat @ Syst
03 = 2%
o]
0.2 ng: 300 4%
0.175 P=0 =
-04 P=02

10806040"00"0406081

P=0.5
0.15
(a) (b) P=07
‘ -0.5 : :
045 05 0.55 -0.6 -04
200
a, 4y
~ ~ e'p 2005
R E £ E 5
g 3 = g f ]
£ E £ o E
32sf 2= 3k E
E = s ]
2\ E 3
E ] ar =
1sf 75 s §
osf 3 £ 3
u: J= F =
Pol 1% olarisation /%

Results a strong function of polarisation
- higher polarisation would offer improvement
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First simultaneous determinations of the PDFs and
EW parameters

Couplings of u and d quarks to Z° competitive with
determinations from LEP and Tevatron experiments

Can expect improvements in precision with
increasing data sets (and polarisation)

Need to combine H1 and ZEUS data

Sensitivity to other EW parameters at a level which
is complementary to other experiments, so we
should stress the differences and attack the
Standard Model from different angles
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