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68%, 95%, 99% CL fit contours incl.
% |Mop, WA and direct Higgs searches
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important observables
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Interplay meop-MH
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g-2 of the muon

1 I L I I LI I I L ] LI B | I I LI D B | I LI B B | I LB

HMNT 07 (e*e -based)
—285 £ 51 F—e—

3.60 discrepancy N0 oe) o
Davier et al. 09/1 (t-based)

(240- using tau data) 157 £52 —A—

Davier et al. 09/1 (e*e)
-312+51 —e—

Davier et al. 09/2 (e*e” w/ BABAR)
255149

In the right ballpark for HLMNT 10 (6%~ w/ BABAR)
—259+48 —e—

many NP explanations: DHMZ 10 (x news}
-195+ 54 F—A—

SUSY, extra Z’ DHMZ 10 (e'e” newest)

—287 £49 —e—

BNL-E821 (world average)
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The future of EWPT

Expected uncertainty
Quantity

Present LHC ILC GigaZ (ILC)

My [ MeV] 23 15 15 6

g [ GeV] 1.1 1.0 0.2 0.1
sin9e, [L0~7] 17 17 17 1.3

RJ [1077] 2.5 2.5 2.5 0.4
Al (MZ) [1079] 22 (7) 22 (7) 22 (7) 22 (7)
Mu(=120 G&V) [Gev] T35 (T57) [T30] T3 (15) [Fas]  T5 (Ta) [Tad] T35 (Tis) [T
ag(M2) [1074] 28 23 28 7

Marginal improvement @ LHC and some low energy
experiments, but either NP or the Higgs will be
discovered. Expected sensitivity to SM parameters
estimates sensitivity to NP,
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Oblique parameters

Parameterize NP in W,Z propagators only. Good
approximation for many scenarios
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Electroweak physics @ HERA

Polarized CC cross section
In the SM the charged current is purely LH

_ Nr—Njy + _ + _
linear dependence on Fe Charged Current ep Scattering
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Electroweak physics @ HERA

d‘ZO.CC'. (e:}:p)
dzd(Q?

=(1:tPe)

& M O\’ . o
47{1’(]\[%_'_@2) |:)+F2 —}_17F3 — Uy FL .

Gr absorbs dominant ew corrections, Mw can be fitted at the same time
of pdfs (with NC cross sections): Hera finds OMw ~1 GeV

LHeC will improve this, but it won’t be a
precision determination: dMw ~0.2GeV (Gwenlan)
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Electroweak physics @ HERA

NC couplings to light quarks

unpol: o(e™) —a(e™) — ack,aF]” x eqa,

pO|I o(Pr)—o(PrL) — acky F;d X €44
ZEUS u-quark ZEUS d-quark
- | O L L L B L O O T I L 1 DL L © Y 1005 1.0 S D L O T O s 60 WL
> | | | | 1 w I I | l :
1 ZEUS-pokv -V -a,-a,PDF (prel.) g B ZEUS-pokv -va,a,PDF (prel.) |
1— W total uncert. — 1— W total uncert. —
m uncorr. uncert. n : uncorr. uncert. :
B H1 prel. (HERA 411 94-05) > E H1 prel. (HERA 1+l 94-05) 7
0.5 0 03[ o
oF 4 of =
0.5F 4 .05F -
B * SM 3 B = * SM ]
E — CDF 2] D — CDF i
- 68% CL LEP ’ - 68% CL LEP i
- - 1 —
EEE N S T W T e W R i i O i A O O o 0 O A O i O

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
a, _ = .
Combined fit to pdfs and couplings,
Improvements: v, — polarization fixing lepton couplings and other
@q — luminosity barameters to SM value
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Electroweak physics @ LHeC

® EW interactions at high Q?: choose high energy and
high luminosity

® |epton polarization is crucial
® higher precision: Hera strategies need to be revised

® pdfs systematics (hidden assumptions,
parameterization, etc) likely to be important

® Pilot study by C.Gwenlan on NC couplings, it would
be nice to complete it for CDR
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Scenario D:

0.5 0.5 0.4 05

0.1 0.1 04 0.1

config. E(e) EN) N fL(e") fL(e') |Pol| L/10% P/MW yvears type
A 20 7 p 1 1 - 1 10 1 SPL
B 50 7 p 50 50 04 25 30 2 RRhiQ’
C 50 7 p 1 1 0.4 1 30 1 RRIlox

30 1 ePb

E(e*) = 100 GeV

E(p) =7 TeV
(Vs = 1.673 TeV)
P.=10.9

... Simulated LHeC data (M. Klein); mainly looked at scenario D (since it was produced first!)
... but also looked briefly at A, B, C, Eas wellas D
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numbers based on scenario D:

» statistical: typically < 1%
(but ranges from 0.1% at lowest Q2 to as
large as ~10-50% at highest Q2, x)

» uncorrelated systematic: 0.7%
» correlated systematic: typically 1-3% 10"

.

also included In fit:

1% luminosity and polarisation uncertainties (as additional correlated systematics)
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pseudo-data spans kinematic region: 104

2<Q2< 108 GeV?; 2 x106 < x < 0.8 J

10 7:

typical uncertainties: 102;—

Fived Target Experiments:

CCFR, NMC, BCDMS,
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C.Gwenlan

NLO QCD and electroweak fit

Study presented here is based on new

ZEUS NLO QCD fit to HERA-I and
HERA-II data

Data included in ZEUS fit:

- HERA-I:
- CC and NC inclusive e*p
- DIS inclusive jet and dijet yp

- HERA-II
- CC e*p (polarised)
- NC ep (polarised)

correlated uncertainties:
treated using the Offset method

iz

LHeC NC/CC simulated data added
to this in a combined fit for the

PDFs and electroweak parameters

1

0.3

04 -

0.2
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X1,
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s —
Proton PDFs W= 100 Gev

scenario D

L | = l'_l

S
=)
J

r

» only PDF parameters free
(LHeC NC and CC e=p included)

PDF uncertainties:

fractional uncertainty

« NC e=p: direct constraints on
quark densities; indirect on

gluon via scaling violations T L
0 0.2 04 0.6 0.8 1 o 02 04 06 08 1

« CC e*p: constraints on quarks 06 e
=>» flavour decomposition - xS
(e™: mostly u; e*: mostly d)

0.8 |-|l-———r1-: UL S R LU I B

xg

| LHeC scenario I¥

0.6 |-

Bl Zrus fit

=» results encouraging!

However, should also consider:

« flexibility of parameterisation?
 model uncertainties?

ul L Lt ol woud gy

VO [ B 11 S [ S |12
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Combined fit to pdfs and quark-Z couplings

» fit with PDF and electroweak parameters simultaneously free
* neutral current axial and vector quark couplings (a,, v,, a4, V)

the following results currently have only the LHeC NC (CC will not change things by much)

caveats to comparisons:

« not all HERA-II data yet included
in ZEUS fit (NC e*p still to come)

« best HERA PDF+EW constraints
will come from a future HERA-II

combination of H1+ZEUS data

» still some improvement to come
from HERA (but difficult to quantify)
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comparison with ZEUS fit (base to which LHeC pseudo-data added)
» still to come: HERA-II NC e*p data in ZEUS fit; H1+ZEUS combined HERA-II results

HERA+LHeC fit HERA+LHeC fit
So.s_lllllllllll_ © lIllllIllllIlllllllll
> . > - -

0.4 HH ZEUS fi - o5 M ZEUS fit h
L + LHeC scenario D ’ “E + LHeC scenario D -
0.3) - i ]

- b o+ -
7 : \F\ :
0.1F = - :
- - -0.5__ -
o = - *SM -

: 1 L 1 l 1 1 1 I 1 1 1 : ] 1 I | . | l | I . I L 111 l L1 11 )
042 0.4 0.6 0.8 14 05 o 05 1

u-type quark couplings d-type quark couplings
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LHeC scenario D

comparison with other experiments
» still to come: HERA-II NC e*p data in ZEUS fit; H1+ZEUS combined HERA-II resulis

HERA+LHeC fit
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scenario D:
P.==0.9

What if assumed level of statistical and systematic precision not achieved?
» reducing luminosity and increasing all systematic uncertainties by factors of x 2, 3, 5

HERA+LHeC fit HERA+LHeC fit

o= | [T T rr[rrrryrrrr ] '0-0.25 LN I N L L O L U B O (N L B B I
> 0.26F 1 % i
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- I x2 ] 03 |x2 —
o 22-_ il %3 | : i X3 :
Tr I x5 7 . Il x5 ]
0.20° 1 -035f =
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0.141 - [ ]

D | | S T - I I | | I I | L | i1 | L i1 L i1 i
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u-type quark couplings d-type quark couplings
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linAac scenario D:
P. =209

What if assumed level of statistical and systematic precision not achieved?
» reducing luminosity and increasing all systematic uncertainties by factors of x 2, 3, 5

HERA+LHeC fit HERA+LHeC fit
- 0.5 | | ] I I I ] I I I L g =) | I UL I LI I LI I UL
> - 4 > - .
_ LHeC scenario D: ] - LHeC scenario D: 7
04F — nhominal B 0.5[" —7 nhominal N
- 1 x2 3 L 1 x2 -
0.3 " x3 - - B x3 -
- Hl x5 3 ; - Il x5 N
0.2 - i i
0.1 - L ]
E 7 0.5 ]
oF - - s -
: i i i I | | i l i | i : [ i I i i1 I i i I i il I | I ]
04 2 0.4 0.6 0.8 T4 905 o0 05 1
u-type quark couplings 4, d-type quark couplings ad
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other scenarios: B, C, (D) and E

HERA+LHeC fit
>: C L L] I | L L I I 1 | I LI L] 1
0.26 :_ LHeC scenarios: _:
0.24— - B N
- B C ]
- [ 1D 9
0'22: M E 7
0.2~ =
0.18F -
0.16/- «sm -
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[ I | I | I T | | | I | l | I A I |
0.4 0.45 0.5 0.55
au

u-type quark couplings

v-0.25
>

-0.35

d-type quark couplings

polarisations:
P.=+04 (B,C)
P.==+09 (D,E)

HERA+LHeC fit

LI | I L I LI L I L L

llllllllllllllll

LHeC scenarios:

- /B
B C
D
o E

* SM
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lillilllllllilli

08 06 04 02
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=>» factors of x10-40 improvement (depending on exact coupling and scenario) wrt Hera
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Comments on quark couplings fit

v Interesting results, O(1%) determination of light quark couplings,
much better than LEP etc

V' The strategy followed here is analytic continuation of Hera: lepton
couplings well measured elsewhere, can be fixed to SM value, fit for
quark NC couplings (+pdfs) Translates into roughly 0sin20,,~5 10-3

v' But at 1% that might not be appropriate. Can we still look at
sin20y? it will help gauge the constraining power of LHeC. In the
context of New Physics, easy to consider oblique corrections S, T, U
(covering large class of models).

v' Some assumptions on pdfs might affect results.

v By itself, a better determination of quark NC couplings will
constrain some exotic scenarios that modify only light quark
couplings (non-universal Z’, R-parity violating susy) After LHC?
LHC measurements that can put similar constraints?
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Conclusions

Electroweak measurements @ LHeC will be favored by
high Q?, lepton polarization, high luminosity.

Pdfs dependence can be to large extent avoided by
simultaneous fit.

Preliminary study shows interesting resolution on quark
couplings

Hope to have some additional study for CDR
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