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Physics Beyond the Standard Model

« High Energy Colliders

 Rare or Forbidden Processes 5, Complementary

e Symmetry Violations Approaches
* Electroweak One-Loop Effects
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c, M, A,
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Latest World Electroweak Data

Summer 2004

Measurement Fit  |0™*=-0")ic™
0 {1 7

.3

m, [GeV] 91.1875+0.0021 91.1874
I,[GeV]  24952+0.0023 24966
a’_ [nb] 41540+ 0.037  41.481

=
ok

R, 20.767+0.025  20.739
Ay 0.01714 £ 0.00095 0.01650
A(P) 0.1465+0.0032  0.1483
R, 0.21630 + 0.00066 0.21562
R. 0.1723+0.0031  0.1723
AP 0.0998+0.0017  0.1040
AY® 0.0706+0.0035  0.0744
A, 0.923 + 0.020 0.935
A, 0.670 + 0.026 0.668
A(SLD) 0.1513+0.0021 0.1483

sin®'(Q,) 0.2324+0.0012 0.2314
m, [GeV] 80.425+0.034  80.394
[y, [GeV]  2.133+0.069 2.093
m, [GeV] 178.0+4.3 178.2

Final
0.23099 £ 0.00053

0.23159 = 0.00041

0.2324 + 0.0012

Preliminary
0.23210 + 0.00030

0.23223 £ 0.00081

0.23147 £0.00017
yidof 87/5

P = 8.4%

BEE Ao = 0.02761 + 0.00036
B me=178.0 £ 4.3 GeV
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Search for New Physics:
Electroweak Physics Away from the Z Pole

1
) - My ontac
consider X — . .
4 lnteraction
/\ ~ T
AZ
2 on resonance: 2 Al
2 . X .
Q" ~ My A, imaginary —=A, |1+ A2 no interference! I
Z

* Precision Z observables establish anchor pointsfor SM
* |_ow energy observables probe interference between SM and
new physics
e Current low energy experiments access scales beyond 10 TeV
Eventually push to energies above the Z resonance
(but for now...)
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‘ Measuring the Weak Neutral Current at
Low Q?

e” e’
"""‘22; ' 22: ' <j:::>
Vv 70 Qe ¢ A Yooz N

atomic wave
function

7 e e . .
- e Purely leptonic reaction
e_z(ée' - e->@6ef Qfw ~ 1 - 4sin*qy
=2 Fixed Target Mgller Scattering
E158
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statistics hadronic physics



E158 Collaboration / Timeline

—| ||
UC Berkeley *SLAC
«Caltech *Smith College
«Jefferson Lab Syracuse
*Princeton *UMass
«Saclay *\irginia
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Weak-Electromagnetic Interference in
Electron Scattering

longitudinally
polarized @ _

. A 2
A n =Ay, =24 Ot~ Dweak GFQ

2 _ p) < -?_ -4
o ald +4_I° Q'~0.01-1GeV: — A, 510 -10

weak

SLACE122: lepton-nucleon deep inelastic scattering
5 o2 liquid
20 Gev P eC{?ron Deuterium
oy monitors
long:{udmally R SRt~ 0
polarized L >
electrons error~ 10

integrating
detector

C.Y. Prescott et.al. 1978 it



Parity Violation in Mgller Scattering

Scatter polarized 50 GeV electrons
off unpolarized atomic electrons -
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Measure A, _SRr™S.
\/

S,*+S,
o Small tree-level asymmetry Q
GF 16sin°q &l .W2 0
sin“q,, ~
A= \/épa (3+c0s2q)’ &4 qwg

Attreelevel, A (Q*=0.03)»3.2" 107 (320 ppb)

Ve
74 Z Z W W
f f 4 W W
v ¥ v !

« Higher order corrections reduce asymmetry to 130 ppb
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‘ E158 New Physics Reach

LEP Il
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doubly charged
scalar exchange
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15 compositeness
TeV

0.5-1.0 G6GUTs
TeV

0.5-2.5 extra
TeV dimensions

2

> lepton flavor
2M, violation

<0.01 G
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Experimental Technique

o Scatter polarized electrons off atomic electrons

High cross section (14 nBarn)
High intensity electron beam, ~85% polarization
1.5mLH2target (0.187r.l.)
» [Luminosity 4*10%® cmrést
High counting rates (~2 GHz) = flux-integrating calorimeter =] Station A

T

1.:1 : N

* Principal backgrounds:

elastic and inelastic ep scatters
e Main systematics:
Helicity-correlated beam effects
Backgrounds
Beam polarization

Source

4 /u
| y
i

—
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Parity-Violating Asymmetry

1. Measure asymmetry for each pair of pulses,

- 7
S.- S 2:‘:‘?
— R L 11 _
Aexp = 35 - 6x 100 rer—gorss

S R + S L Y 120 Hz liguid hydrogen

2. Correct for detector response to beam helicity differences:

Ao = Ayp - é a.- X —beam intensity, position, angle, energy
R-L differences

coefficients determined by 1. fitting detector asymmetry to beam R-L differences, or
2. “dithering” beam and observing detector response

3. Obtain physics asymmetry:
A = 1 Araw 'm: backgrounds
PV

I To
beam polarization

Caltech, 01/05/2005 David Relyea, E158 Results




Experimental Challenges
0. Measure a 100 ppb effect with a 10 ppb error

1. Electron Beam 2. Electron Beam monitoring
1) high intensity i) toroid resolution: < 30 ppm per pulse
- 500 kW beam! ii) BPM resolution: <1 nm per pulse
i) stability iii) energy resolution: < 50 ppm per pulse

- Intensity jitter <1%
- spotsize jitter <10%
- position jitter <10%
i) small left-right helicity differences

- intensity ] A, = <X - <X>L <10 nm
- position/angle
- energy AE:<E>R_<E>L <2%0 8
iv) high (>80%) polarization (E), +(E),
3. Liquid Hydrogen Tar get 4. Detectors
|) target density fluctuations: <10 per pulse 1) detector resolution: <100 ppm per pulse
11) 18% radiation length 1) multiple backgrounds
- absorbs 500W beam power 111) radiation damage

1) Safety (largest LH2 target in the world) iv) linearity < 1%
Caltech, 01/05/2005 David Relyea, E158 Results



Laser/Electron Beam: Systematics

Timeslot 2

Beam helicity is generated pseudo-randomly at 120 Hz
» Use electro-optical Pockels Cell in Polarized Light Source

 Sequence of pulse quadruplets: Pockels Cell
‘ . Voltage

A
Beam R-L differencesreduced using feedbacks
» Charge and position R-L differences nullified using
electro-optical Pockels Cdllsin Source

Timeslot 1 Quadruplet

Physics asymmetries can berever sed
* Insertable Halfwave Plate in Source
* (0-2) spin precession in A-Line (45 GeV and 48 GeV data)

False asymmetry reversals
 Insert afour lens“-1/+1” inverter in the Source
» Reverses beam R-L differences
* Leaves physics asymmetry intact

‘Null Asymmetry’ cross-check isprovided by a Luminosity Monitor

» measure very forward angle e-p (Mott) and Mgaller scattering
Caltech, 01/05/2005 David Relyea, E158 Results



‘ Electron Beam: Position

. . Angle  BPMSs
Diagnostics vomeum  BPMs @

Put 2 Mile Accelerator Here| Defining (2)

Slits \‘

Pol arized T(}réi ds(2) Dithering Magnets Dispersive
Source (Energy)
1 GeV 48 GeV BPMs

Thermionic
Source  BPMs (3) t

T\

. Siooid £ 30 ppm . sppyf£2microns S enerqy £ 1 MeV
T I et | X 80r m-‘__
[ ] | %2=1.01 ] o 60:_ 1IJS;- M;x
. )r i 401 10
s [ : 1 ;r
, 20 gLl
0 P Agreement (MeV) F

Toroid 2 Asymmetry (%)

BPM2

%

i 1
X (MeV)
T

Resolution 40 Resolution
7 1.54 [t 1.05 MeV
'2-2“‘-1.5‘”-1””-0‘-5‘ ‘(‘J o5 1 15 2 '159150‘-1‘00‘ -.r;o 6 ‘ s‘o “ 100 150 B0 S L
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Experimental Layout: ESA

Target chamber

g Quadrupoles

Concrete Shielding Detectly'f:art

-l
_,_:;ﬁ

P_recision ‘
Beam [j| - | . ;
Monitors Dipoles _ SR uminosity
. | P Main Drift pipe M onitor
(last slide) :
5 207 7 Collimators
— 60 m B







Experimental Layout: Spectrometer

Om Photon 58 m
| Collimator Acceptance Collimator

= 30cm
I &
s ﬂ — 20cm
;.-f ! - Sy ,_ -_-"'-“- o

Rl 0 ol AUl ool e - 0cm
T = Jf”"“H*"“-::::f‘:‘:;{{;—:_:_::“"=-—~—-=-_=___;;_gav
e 14 GeV TSR ey L S
Target .y .
DI OI es 160l quadrupoles off ] O quadrupoles on
P Quadrupoles o PSS quadiupo
IZOr'ing ’ ring _ 200ping ,| ring
i
. . . . 100} l 1 1sob ;'
* Dipole chicane allows clean collimation of ol R / {
photons and positrons from target interactions f \! A
 Quadrupoles separate M gller and ep flux im,,m‘ 1 somaters N
at detector face (see inset) . o ol N
175 225 275 325 375

» Main acceptance collimator (upper right corner)

il +,
17.5 225 275 325 375

radial distance from beamline (cm)

accepts M dller scattersin desired momentum/radial range
.yonchrategn collimators (not shown) block synchrotron radiation

David Relyea, E158 Results






Experimental Layout: Detectors

To Beam Dump

Scale(cm) BEAM AXIS
0
-8 Vacuum 1
- 16 = iy
Air :- - Luminosity
= 24 / N
gy OvEDIS - (z axis not to scale)

profile detectors

L 40 =

Mgller, ep are (copper/fused silica fiber) calorimeters

Pion isa quartz bar Cherenkov g MOLLER ) 1 _ g vom 21
L uminosity isan ion chamber with Al pre-radiator Eq Eq”
All detector s have azimuthal segmentation, <q|§l§M' > =1.5mrad

and have photomultiplier tube (PMT)
readout to a 16-bit ADC
Caltech, 01/05/2005 David Relyea, E158 Results

(qu=) = 6.0mrad



E158 Runs

900k - Run 1: Spring 2002 L -
Run 2: Fall 2002 , : E
B00F------ Run 3: Summer 2003 ------ R S
w : : ' | 5
E ?I:II:I _""""'T""'""':'""'"":"""'""""""":—""""':""_
n ! ! ! :
v ! : ! !
T ] I e P G TR S R
= ' : : :
Qi1 SR SN (V<O SN SO
= E i
O
L S S Nt S S SO
0 : : : : i i
0 & [ 40 sl a0 100 120
Time [Days)

Caltech, 01/05/2005
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Mgller Statistics and Fluctuations

observed left-right asymmetry distribution

1400 & raw asymmetry 800 — charge normaliz
S ﬂ distribution 700 - distribution
5 - in one PMT 600 - in one PMT
000 F- 500 -
800 -
- o 5 ~ 1108 ppm
600 & RMS ~ 3460 ppm .| pp
400 asa B
200 — 100
- M OO AN I | ] i | M b L ]
0 -40000-20000 O 20000 40000 60000 80000 0 -10000 -5000 0 5000 10000
. 50 grand width——
e distribution reqrikssed
F 3501 for energy, -
300 position, 10
2501~ angle ~ 15 Million
200~ in one 106 electrons/pulse
150 PMT s/pulse -
100 ppm [ c=194 ppm
'~ -l Il
[ i - e e T 0 1000
-2000 -1000 0 1000 2000 -1000 500 0 500 0 1%
Caltec -0 5 1 % . (-]

Results



Raw Asymmetry Statistics

per pulse pair (2 days, Run | only)

per run (Run| only)

Moller Pull

Mean = 3.147e-06

Moller Detector Pull, All Pairs
5
10

RMS =0.9998

\
3
\

—
o
\IHII| I\IIIIII| IIIIIIII| IIIIIHI| II\IHII| I

10
1
A- (A
S
s;~ 200 ppm
N = 85 Million

Caltech, 01/05/2005

Moller Detector Pull, All Runs

Nent= 8.58631e+07140

120
100
80
60
40
20

0

!

Moller Pull

Nent =818

Mean = 0.00489

RMS = 1.02

Constant= 128 + 5.691
Mean =0.01049 + 0.03551

Sigma = 0.9948 + 0.02699

mIII|I\I|I\I|III|III|II\|III|I

s; ~ 600 ppb
N =818

David Relyea, E158 Results




Raw Asymmetry Systematics

e Hirst order systematic effects
o False asymmetry in electronics
¥~ Measured to be smaller than 1 ppb

o Errorsin correction slopes
¥~ Measured by comparing two timeslots

" Beam-induced asymmetries of ~1 ppm corrected to below stat
errors of 50 ppb in multiple data samples

e Higher-order corrections
o Beam size fluctuations
¥~ Measured by wire array

o Correlation between beam asymmetry and pulse length
(intra-spill asymmetries)
%~ New dectronicsin Run Il

Caltech, 01/05/2005 David Relyea, E158 Results



SLICES: Temporal Beam Profile

S1 & 3 HA
e SLICESreadout in 10 bit  wrecm W R —
ADCs §.,_z;_ _________ || ___________ ...... V:\/aveform:
Q : bpm31Q (4) e 1 | RS 1 A

E :bpml2X (3)
X bpm4lX (4)
Y :bpm4lY (4) st e
dXx bpm31X (4) Integration time :
dY : bpm3lY (4) SL: 0-100ns
S2: 100-200 ns

S3: 200-300 ns
S3: 300-1000 ns

Caltech, 01/05/2005 David Relyea, E158 Results



Additional Corrections

e OUT detector at edge of Maller acceptance most
sensitive to beam systematics

e Useit to set limits on the grand asymmetry

OUT asymmetry with SLICE correction [crz :ndqug?_@)

5 Prob =0.383
& 04— p0  =.0.01217 +0.02587
n.zZ—-- Jr /
I]Z" {}% [m //

u.zZ—- i /
04

i \ Better |
N1 1) el IS B B A A S S B A B A S

Caltech, 017057201 SLUGS 33, E158 Results



Backgrounds

High E neréfy Electrons:
- "ep" detector flux and asymmetry measurements

v High Energy Pions:
- measure calibrated response to
quartz-bar detectors behind 15 cm of

copper

our copper + 20 cm of lead
MID
. High Energy Photons: o
copper - Negligible due to collimation
Al
Multibounce Photons:

- Quads off/on data with
main detector & profile detector

Soft Photons and Neutrons:

" - Quads off/on data with
integrating calorimeter: “blinded" PMTs

All dilutions and asymmetries
must be measured or bounded

Synchrotron Photons:
- "target out" runs

Caltech, 01/05/2005 David Relyea, E158 Results



ep Asymmetry

elastic scattering \‘1‘7\%

Atlow Q2 : A .~ 105 * Q2
in the ep detector: =

2
Q" ~0.06 GeV*: inelastic scattering
Ag,~ 0.4 +/- 0.2 ppm Atlow Q2 : A, ,~104*Q2
. _ _ _ i T
- radiative tail dominated by elastic ey o
- o ring
scattering: ~ 8% under Moller peak "1
- additional 1% contribution from I I‘
inelastic scattering m./ :
50 mollersy
0

Caltech, 01/05/2005
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45 GeV
5 T | 48 GeV
Tk ol 5 é 4
PO BdEEE ¢ e i % L
LY R IRMEER
1".::{.:: o i S s S
Euiiiée‘ PEoiiriiiiiiin
Q. e W BER & O WMo M L s0E r o
L. IF =z & =2 SEE B iR b oF SR W
afdododod bbb bbb L
L= R g SR T S TR Y
AER KA
l ep Detector, Asymmetry vs Slug |- HHHHH
3. | . . L [
0 5 1 20 25

0 15
Slug Number

Araw(45 GeV) = -1.36 + 0.05 ppm (stat. only)
Aranw(48 GeV) = -1.70 + 0.08 ppm (stat. only)

Ratio of asymmetries;
Ap, (48 GeV) /Ay, (45 GeV) = 1.25 + 0.08 (stat) = 0.03 (syst)
Consistent with expectationsfor inelastic ep asymmetry

Caltech, 01/05/2005 David Relyea, E158 Results




Transverse Asymmetries

Beam-Normal Asymmetry in elastic electron scattering

- Electron beam polarized transver seto beam direction

d(s -s ® .
A]-OS_ZES ( df )u8e>(ke e)“Slnf
’ ” g | nterference between one- and
y v two-photon exchange

a
> > > Aru—me:-35ppm°smf
Theory References: \/g

1. A. O.Barut and C. Fronsdal, (1960) -
2. L.L.DeRaad, Jr.and Y. J. Ng (1975) for Mdiler scattering

3. Lance Dixon and Marc Schreiber: PRD69: 113001(2004) at 43/46 GeV
(Included bremsstrahlung corrections. few percent)

Caltech, 01/05/2005 David Relyea, E158 Results



\ (Raw) Transverse ee Asymmetry

) - Asymmetry vs f
o S s S S
E [ ST S I
e -
e e T

. PPm
W N == O = N

Observe ~ 2.5 ppm asymmetry
First measurement of single-spin
transverse asymmetry in e-e scattering.

1) Interesting signal
i) Potential background for A, measurement
» Data carefully re-weighted to maintain azimuthal symmetry

1) Studying its utility for calibration of polarization scale
Caltech, 01/35/2005 Davia neiyed, E158 Results




AP at E158

oy
S0
qug_-
20/
a0/
o
=

scanner signal (arb. units)

20 25
Mgller ring rem

30 a5

mo  Raw asymmetry!
$ * Has the opposite sign! (preliminary)
e i _epring  Polarization & background corrections
L..,.,.wﬁ/r\ o ~25% inelastic ep

* Few percent pions (asymmetry small)

v Proton structure at E158 !

f (Azimutha angle)

EP Detector

Chi2/ndf =4.985/7

Prob =0.6618
Monopole'= 0.2472+ 0.135]
‘Dipole = 1.855+0.1762 -

phase =0.662+0.173

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

8 10 Results



Asymmetry
23] =2 ]
= =
= =]

2

Mgller Asymmetry

Over 330M pulse pairs over 3 separate runs (2002-2003) at

E, .=45 and 48 GeV

Passively flip helicity of electrons wrt source laser light
~every day to suppress spurious helicity-correlated biases

Physics asymmetry smm.  Physicsasymmetry
:_ : _;I jg.l:::rlldUT E/HWP state
o Runl Run I : Run lll o e
E_ _ . } } L %7 45/0UT f—e—  124+28
- HII"I'I"i'f"“'u ”|||'H'I|“"..|II
- " l. Bliil 'I"' T [ i ] 1T e R (L £ 48N ] a22:27
E_ i % i jL 48/0UT —— 128+ 26
E_ AP\J = -1EBi 14 ppb Run I-II1 I—Q—I 128+ 14
- Idf = 74.3/74
T I I BT BPEPE PRI PP IR B A BT BT R BT

0 10 20 30 40 =0 &0 -300 250 200 IS0 100 500 0

70
Data sampl

Mgller Asymmetry (pph)



The Weak Mixing Angle

Qw(Cs) |——] 0.2292+ 0.0019

0.2361+ 0.0017
E158 o] 0.2330+ 0.0015
PDG2002 I 0.2311+ 0.0002+ 0.0006

2.22

2.225 023 0235 024 024

sin’0,,(M,)

8.25

e General agreement between low Q2
experiments, although NuTeV is still
3s high compared to SM fit

e Stringent limits on new interactions at
multi-TeV scales

* Parameterize aslimit on 4-fermion
contactterm L, : 6-14 TeV limitsfor
E158 alone (95% C.L.)

e Limit on SO(10) Z' at 900 GeV

David Relyea, E158 Results



Running of the Weak Mixing Angle

sin’0 3y (Q)

0.242

B E158 (Preliminary)
024— Qw(Cs)

0.238}

0.236— =
B Czarnecki &
o Marciano

0.234— (2000)
B /S

0.232—
= SLD+LEP
T ] IIIIIII ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII ] ] IIIIIII ]

1072 107 1 10 10?

Caltec

10
Q (GeV/c)

Results



Summary: Physics Results

Electro-weak parity violation
o first observation of parity violation in Mgller scattering (8s)
e running of the weak mixing angle established (7s)
« Probing TeV-scalephysics: ~10 TeV limitonL
~900 GeV limit on SO(10) Z’
 indastic e-p asymmetry consistent with quark picture

Transverse asymmetries
 First measurement of e-e transverse asymmetry (QED)
e eptransverse asymmetry measured (QCD)

Weak Mixing Angle
Preliminary Results using all data
Apy (Mgller) = (-128 + 14 +12) ppb

sin?g,MS(M,2) = 0.2330 £ 0.0011 (stat) + 0.0010 (syst)
Best measurement of the weak mixing angle
Caltech, 01/05/2005 away from the Z'p0| el David Relyea, E158 Results




Outlook

o Next set of precision measurements on the horizon

o Neutrino-electron scattering

* Reactor experiments (in conjunction with g, ,): cross section measurements to
0.7-1.3% would translate in s (sn?g,,) down to ~0.001

* Ultimate measurements at the neutrino factory
o Atomic parity violation
* Ratiosof APV in isotopes and hydrogenic ions could reach sensitivity of
s (sn4g,,) ~ 0.001
o PV in electron scattering

® Active program planned for JLab: PV in elastic ep scattering (~2007), Mgaller
scattering, and DIS eD scattering (~2010) could reach below

s (sin?g,,) ~ 0.001 per experiment
o e'e and e e a theLinear Collider

Caltech, 01/05/2005 David Relyea, E158 Results



Selected Future Measurements

SIN*(C)

168Yp - 176Yh PNC
Isotopic Chain
SLAC E158

NuTev Neutrino-
Nucleon Scattering

0 —

0.238 Mgller Scattering
Linear Collider
- Ine*e ande e
JLab Proton Modos
0.236 @- Weak Charge
JLab DIS-parity
0.234 o 1¥Cs PNC
Single Isotope
0.232 LEP + SLAC
Measurements
At Z Pole
0.01GeV 0.1GeV 1GeV 10GeV 100GeV 1TeV

Caltech, 01/05/2005
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EW Corrections to A i (Czarnecki-Marciano)

_ pG.e° 1-y

o LO expresson: Apn(ee”) = TS el

g/Z mixing, anapole moment A ‘m O ()i 1 2A72)
(factor of 1.03 in sirtq, -

-40% change in A g) (1~ 4571 + (1 - 45°)’)

EW Boxes +E(1, Q%) + Fa yr@* (10)

(4% changein A ) / /

ERE A0 -3
)

E-

C

+ Inverted 4+ crossed diagrams

FIG, 2. -2 mixing diagrams (a} and (b}, W-loop contribution to the apapole moment (e).
David Relyea, E158 Results



‘ Eliminating Beam Helicity Effects
Ap=A- A +A +3a X

20 million Moller Detector D, Current|I: F =D/l

electrons per spill A _ R-F | ntegrate
pair Detector response;

Al / AE \ et Flux Counting
2l %€ AF

X , = L + fluctuations
AD AD AL 2F
2D 2D~ 21
pair = AD o Al + A—E + OCiAXi
2D 2] 2E

linac
jitter (ppm) 200 5000 1000 500 tune
050>
200 20 10>

+/-9 +/-1 +/-2 +/-2

@. ndf electron beam fluctuations

Caltech, 01/05/2005 David Relyea, E158 Results

accuracy (ppm)

cumulative (ppb) 110

—> precision



Polarized Laser + GaAs cathode =
Polarized Electron Beam

ter \

sLicEZ.

ﬁ Fiash:Ti Bench

TOPS SLICE A2

Combiner Bench
AN

Intensity 1 Wall Bench
insertable +2| Clean-up

b0l arizer
@; %@@ Ingi%r&g#e

G
1 L
helicity  Asynimet {
filter Ir"":rwveartnaerrwr Intensity 2

Caltech, 01/05/2005 David Relyea, E158 Results




Polarized Source:
GaAs cathode

conduction band

-1/2 12

9

High doping for 10-nm GaAs surface
overcomes charge limit.

circularly 100mM 5x10° e “«GaAs
larized .
poarized R 90 nm 5x 10 cm’ GaAsg 5P p.05
N> 2.5 pm Gahsy 667034 | Low doping for most of
780 - 850 nn‘!‘ active layer yields high
-3/2 valence band 32 GaAs,q_,, P, polarization.
EStrain= 0.05eV 25 l’l'm y y
12 —— +1/2 - y=0->0.34
"strain" boosts polarization, but GaAs substrate
infroduces anisotropy in response
2.5 102 .
Parameter E158 NLC-500 @ :
L2107 -
Charge/Train | 6 x 10! 14.3 x 101 2 New cathode /I\Iao/s'gn of
A 12 [ | ]

i 270ns 260ns © 1.510% | 10
izt L o chargejlimit!
Bunch spacing | 0.3ns 1.4ns e ;

Rep Rate 120Hz 120Hz 5 o
O 510"
Beam Energy |45 GeV 250 GeV L Old cathode
e Polarization | 80% 80% oL — e
0 50 100 150 200 250
Laser Power (uJ)

Caltech, 01/05/2005
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‘ Liquid Hydrogen Target

motor

- ——

[ ]
{ilinl 1V
e
L1 K 1

Caltech, 01/05/2005



‘ Kinematics

Quadrupole Quadruplet

800 upstream of quads

- primary & scattered
electrons enclosed .
in quadrupoles 400

- Mollers (e-e) focused,
Motts (e-p) defocused 0
- full range of azimuth

radial distance from beam axis (cm)

Caltech, 01/05/2005

.
F e
]

B £S

"

10

E
L

Yu(mrad)
e nw »om 3B Faa 3

T T

|

=Y 3 o5
cosO®

i 30m after quads

800
600
400
200

Auhab,
Mrﬂ--rlﬂ-lﬂ-““lﬂL-‘ = Deaee

15 20 25 30 35 40

radial distance from beam axis (cm)
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- 20 million electrons/pulse at 120 Hz
- 100 MRad radiation dose
- Copper/fused silica fiber sandwich
- state of the art in

calorimetry at ultra-high flux
B - challenging cylindrical
geometry
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Profile Detector

» 4 Quartz Cherenkov detectors with PMT readout |
e insertable pre-radiators
* insertable shutter in front of PMTs

» Radial and azimuthal scans
e collimator alignment, spectrometer tuning
 background determination
e (O measurement
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Scattered Flux Profile
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Polarimetry
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84.9 +/- 4.4 % polarization throughout Run |
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Pion Detector

*~ 0.5 % pion flux

*~ 1 ppm asymmetry
< 5 ppb correction
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‘ Luminosity Monitor

Segmented ion chamber detector with
aluminum preradiator

500W incident power
(50W from synchrotron radiation)

Signal: eps and high energy Mgllers
350M electrons per pulse;
<E> ~ 40 GeV
ad.. ~1mrad

Lumi Chambers
J J

65.5cm 35.6 cm
Beam = I_ —
14 cm| 7 %o T 4 X,

~{0 m from target 21 em /l\ T

Aluminum

*Null asymmetry measur ement
*Enhanced sensitivity to beam and target density fluctuations
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Asymmetry Corrections and Systematics

Correction fokg S (fog) A (Ppb) S(Ar) (ppb)
Beam asymmetries - 4
Beam spotsize 1
Transverse asymmetry 2
ep eadtic 0.058 0.007 -8 2
ep indagtic 0.009 0.003 -22 6
High energy photons 0.004 0.002 +3 3
Synchrotron photons 0.0015 0.0005 0 2
Neutrons 0.0006 0.0002 1
Brem and Compton electrons 0.005 0.002 0 1
Pions 0.001 0.001 1
TOTAL 0.082 | 0.009 -27 8

 Scale factors:
» Average Polarization 88 + 5%
e Linearity 99 + 1%
o Radiative corrections. 1.016 + 0.005
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Preliminary Results

Apy (ee- at Q2=0.026 GeV?) = - 128 + 14 (stat) + 12 (syst) ppb

> Significance of parity non-conservation in Mgller scattering: 8 s

sin2q,, (Q2=0.026 GeV?2) = 0.2403 + 0.0010 (stat) + 0.0009 (syst)

> Most precise measurement at low Q?
> Significance of running of sin®q,,: 7's

sin2q,,MS(M,) = 0.2330 + 0.0011 (stat) + 0.0010 (syst)
> Standard Model pull: +1.2s
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