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Beyond the Standard Model

*High Energy Colliders
‘Rare or Forbidden Processes _ Complementary
-Symmetry Violations Approaches

-Electroweak One-Loop Effects

I AL
c, M, A,

»Precise predictions at level of 0.1%
sIndirect access to TeV scale physics
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World Electroweak Data

Summer 2002 Winter 2003

Measurement Pull  (O™*-0")/c™ Final
3-2-10123 0l
A, —e— 0.23099 + 0.00053

m, [GeV] 91.1875 + 0.0021 0.00
I, [GeV] 2.4952 £0.0023 -0.41

o0 Inb]  41540+0037  1.63 AP T 0.23159 £ 0.00041
R, 20.767£0.025  1.04 <Q,> X 0.2324 + 0.0012
AY 0.01714 +0.00095  0.68
A(P.) 0.1465+0.0032  -0.55 o Preliminary
R, 0.21644 + 0.00065 1.01 A —v— 0.23217 + 0.00031
Rgb 0.1718+0.0031 -0.15 A?BC . 0.93206 + 0.00084
A% 0.0995+0.0017  -2.62
A’ 0.0713+0.0036  -0.84 Average i 0.23148 +£0.00017
A, 092240020  -0.64 103, .. (@of:102/5
A, 0.670+0.026  0.06 ' .
A(SLD) 0.1513+0.0021  1.46 S
sin0P(Q,) 0.2324+0.0012  0.87 8
m, [GeV]  80.449+0.034 162 —
r,[GeV]  2136+0.069  0.62 EI i o aeer 1 00000
m, [GeV] 174.3+5.1 0.00 10 > = m%1 1875 + 0.0021 GeV
sin°0,,(vN)  0.2277 £0.0016  3.00 _ £ __ mEmz1743+51GeV
0.23 Ig.pz)tsz 0.234
8210123 SNy = (1 - 9y/g,)/4

April 9, 2003 SLAC E158: Progress and First Results 4



World Electroweak Data

Perhaps the Standard Model is already broken

w2/dof ~ 30.4/15

Leptonic and hadronic
Z couplings seem inconsistent

Probability ~ 1.5%

Perhaps there are bigger effects elsewhere
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Electroweak Physics at Low Q2

1
_ - My ontac
%.
consider X g 4T interaction
/\ ~ —
AZ
2 on resonance: 2 A]
2 . —X .
Q" ~ My A, imaginary —=A, |1+ A2 no interference! I
zZ

Logical to push to higher energies, away from the Z resonance

LEPII and Tevatron access scales approaching A~ 10 TeV
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Electroweak Physics at Low Q2

Parity Violating Contact Interactions

3A 2 3(8)/8 ~ 0.1
—a n/(j;\ = | A ~10TeV
A, &G,

O (sin Ow) <

"W < 0.01

Sin GW

Logical to push to higher energies, away from the Z resonance

LEPII and Tevatron access scales approaching A~ 10 TeV

Parity Conserving Contact Interactions
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Fixed Target Moller Scattering

e” e’
' 22 ' @
Yoo z°%e © 7 vz N

statistics hadronic physics

e- e' e-
e- e- e

atomic wave
function

Purely leptonic reaction
g,, ~ 1-4sin’*0yy,
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Weak-Electromagnetic
Interference

longitudinally
- o
polarized ¢ © | A’Y + Aweakl

0

V.Z

O~ G! Awea G 2

0%0.01-1GeV? —» A, <10°-10"
~Y ° PV ~

SLACE122:C.Y. Prescottet. al. (1978) integrating

20 GeV \Q/D detector
e

longitudinally C1a-4
polarized liquid asymmetry ~ 10

. 10-5
electrons Deuterium target error~ 10
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E158 at SLAC

A Precision Measurement of sin20,, at low Q2

Parity-Violating Left-Right Asymmetry 2 — 2
In Fixed Target Mgller Scattering Q° =mk =0.025 GeV
integrating flux counter A _ 130 ppb
4 GHz raw
TN g = 5(A...) ~ 10 ppb
48 GeV liquid hydrogen 6(Sinzew) ~ 0.001

-Asymmetry rises linearly with beam energy

-Figure of merit rises linearly with beam energy ~SLAC has
+High luminosity unique
-Precision monitoring at the micron level capability
-Systematic control at the nanometer level
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E158 Collaboration

=| J
*UC Berkeley *SLAC
-Caltech SmithCollege 7 Ph.D. Students
Jeffersonlabh  -Syracuse .
Princeton -UMass 60 physicists
«Saclay -Virginia

E158 Chronology

Sep 97: EPAC approval

Mar 98: First Laboratory Review
1999: Design and Beam tests
2000: Funding and construction

2001: Engineering run
2002: Physics
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E158 New Physics Reach

LEPII
e e’ |e e|?
¢
e e |e e
Fermilab
q e
[
/Z'\e
doubly charged
scalar exchange
April 9, 2003

15 compositeness
TeV
0.5-1.0 GUTs
TeV
0.5-2.5 extra
TeV dimensions
2
> lepton flavor
2My violation
< 0.01 G¢
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Electroweak Physics

V4 V4 W
\\% W W
Y
i i
0.240 | E158 VN
anticipated
errors ? NuTeV
0.238
%CD;
~ 0.236] | :\\Runl +111
,E Run I+11
7)) “~Runl Czarnecki and
0.234 Marciano "00
APV
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0.232}
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QrGevic]
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Statistical Fluctuations

20 million Moller electrons per spill detector

* Rapid helicity flips

* Spatially separate signal
* Integrate scattered flux
* control beam jitter 2F

200 o = \
ppm_ ,, ppb 2 2E

‘V100M

AD AD Al

2D 2D 2

—> precision monitoring and control of electron beam fluctuations
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Systematic Fluctuations

<> Beam helicity is chosen pseudo-randomly at 120 Hz
* use electro-optical Pockels cell in Polarized Electron Source Timesiot 2
 sequence of pulse quadruplets

Pockels Cell
Voltage

<> Reduce beam asymmetries by feedback L
e Control beam charge and position asymmetries at Polarized Electron Source

<> Physics Asymmetry Reversals:
e Insertable Half-Wave Plate at Polarized Electron Source
e (g-2) spin precession in A-line (45 GeV and 48 GeV data)

<> "Null Asymmetry” Cross-check
e Luminosity monitor measures very forward angle e-p and e-e scattering
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conduction band

-1/2
circularly

Polarized Beam

+1/2

High doping for 10-nm
GaAs surface

/ overcomes charge limit.

10 -
10nm 5x%x10 cm3

4 Gahs
polarized R 90 nm 5x 10" cm’ Gahs) 95P 05
--GaAS =143 eV
: e 2.5 pm GaAs; 66" 0.34 '
N> : : : Low doping for most of
780 - 850 nn‘l‘ active layer yields high
-3/2 valence band +3/2 - 55 GaAs y Py polarization.
= 0.05 eV 5 pm
12 —— +1/2 F T y=0->0.34
"strain" boosts polarization, but GaAs substrate
intfroduces anisotropy in response
2.510% .
Parameter E158 NLC-500 2
= 210 -
Charge/Train | 6 x 101! 14.3x 1011 g_ ]
. wf i
Train Length | 270ns 260ns g 15 10" N;’) S'g’:'IOf "
chargeilimi
. »
Bunch spacing | 0.3ns 1.4ns S 110%] :
S
Rep Rate 120Hz 120Hz s M&_&qw.w
g " Old cathode
Beam Energy |45 GeV 250 GeV -
) .. 5 5 0 o -
¢ Polarization | 80% 80% 50 100 150 200 250
Laser Power (uJ)
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Thermionic Gun

1 GeV region

Polarized Gun \

Event by ev

RS

Denergy < 1 Me

3 BPM's, 2 Toroids

Dithering Coils
for w,x' vy

48 GeV region

60—
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20
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1.05 MeV Resolution
1.54um

£0 -100 £ e
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Beam Monitoring
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“
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.
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E158 Plan View in ESA
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E158 Plan View in ESA

i target
|
precision beam monitors g

= SRR i

7profi|e
monitor
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Liquid Hydrogen Target

ﬂ...,b

1&‘?/; Refrigeration Capacity 1 kW
2l Operating Temperature 20 K
Length 1.5m
Flow Rate Sm/s
Uertical Motion 6 inches
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Kinematics .

\COM

\

¥ (mrad)

.
1 =058 0 08

Quadrupole Quadruplet o

800 upstream of quads 30m after quads

- primary & scattered 1009

electrons enclosed 600 500

in quadrupoles 400 600
- Mollers (e-e) focused, @ 400

Motts (e-p) defocused **° | 200
- full range of azimuth l:i--m. —

radial distance from beam axis (cm) radial distance from beam axis (cm)
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Dipole Chicane

Line-of-sight shielding requires a

eTarget is an 18% radiator !
*Moller ring is 20 cm from the beam “100leg” or “chicane”

I meters
— 0— [ & |
\ l—— 0 8 -
/ § ¢ -7
m et
16— e I
, RIS R AT L b forward e-p __
207 & [ N N I O O N 1 I e -__-_—_.—..!_-,_'-._-._'!_'?_?.T'.'-'--»-'-!-"-"-"-"-"-"-"-”-“-”-l:< -------
L I 1 I OO O O el photons
PP SH iy et n e Bl i B e imaryv beam " "
_ - - N I e -“-"-"-"-“ﬁ'.'.‘i"—"_"_"-"_"_"_"_"_" """" pr'lmarybea"m'
| M T 2560y
14 GeV T e T
target T T
Il collimator .| vacuum e'I; .....
detector
25m 60m
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Detector Concept

Luminosity

Scale (cm) BEAM AXIS
i Vacuum
I Moller
- Air
ep I
B 160} quadrupoles off
" movable 140 froller M ep
) profile detectors |, e f \ring
\
\
100 |- ‘ 1&
* . . 1 i ;
4 integrating detectors _ {
* profile detectors for [}
calibration | mollers)
0f |‘+ eps |
0 o AN, ...
7.5 205 275 325 375

April 9, 2003

250

200z

100}

S50 F

i
i
1s0f  f

"""""""""""""""""""""""

quadrupoles on

ep
ring

moller

eps

O17‘.5 225 275 325 375

radial distance from beamline (cm)
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Detector Cart

Profile

Detector

wheel
PMT Lead
Holder/shield

Luminosity
Monitor
region
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Detector Cart

integrating calorimeter

e PMT
signal exit window R Ml shields

"wWe?
ol t
Va

'pion detector
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200 LH2, quads on (run 5803), wheel angle 30 deg, scanner 4 (330 deg) IZ L,
—_— = H H H H H H H H H —
o011 S SR H T SO S CN— B coeeersrrnns Bcoooosoopoccoooccceoc eeceocoeeeceetpeceeseeen 3

pry
[<2]
o

D_‘C/toro'

« real scan |

—sim scan |

scanner signal (A

20 ........... ............... ..........

Scattered Flux Profile
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r (cm)

22

21.8—
21.6—

cm)

~ 21.4F
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4

cher1
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E '
! 15*3' '
| e~ 2 mm geometry ¢
*1% energy scale |}
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21— &5 O N NS e
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: : P Do :
20.8[ c008800

*Radiative tail 10
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Physics Runs

Run1 | 45.6 GeV 19.2 67K 125M 55x 101 63%
Run1 | 48.8 GeV 14.8 37K 105M 3.5x 101 69%
Run 2 | 45.6 GeV 15.2 S6K 113M 52x 101 72%
Run 2 | 48.8 GeV 19.0 63K 153M 43 x 10! 78%
*Efficiency is avg. delivered rate normalized to 119Hz 1210 .
) 1020 Electrons on Tarqge
Run 1: April 23 12:00 - May 28 00:00 0 Iy - -
Run 2: October 10 08:00 - November 13 16:00¢ |
i Run 2
. . §s Runl
*Run I with PEPII, Run II dedicated 3
*One g-2 flip in each run 24
*A/2 flip roughly once in two days T Ll
*Asymmetry inverter flip once a week
*Run I data divided into 24 “slugs” K CRRNC- TR R R
April 9, 2003 SLAC E158: Progress and First Results 29



Asymmetry (ppm)

0.5

-0.5

-1.5

Beam Asymmetries

= "%
- . % Avg.= 0.013+- 0.311 ppm
=W
e
3 '~ Charge asymmetry
E at 1 GeV

OI - I10I B ‘20I - .30I - I40I - I50I - I60I - I70I - |80I - I90

Time (Mpairs)

Difference (keV)

6

4
2
0
2
-4
6

bpm24X integrated

LY

Avg. =-0.092 +/- 1.370 keV

" Energy difference

_-u““.‘
W

_||||||||||.|||||.|.|||||||||.
i'"
)

s st ol

InAline . .

o -
—
o

20 30 40 50 60 70 B8O 90
Time (Mpairs)

Position differences <20 nm
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‘toroid 2a-2b agreement vs. slug numbed = /2 out
100 — l Avg. =-8.363 ++ (.344 ppb + oL/Zin
FAN S R B S W S N
NS RN DB SN NS RS R B
S 100
2 20l Ch t
2 200 arge asymmetry
< 00 agreement at 45 GeV
o 5 g 45 2
Slug Number

bpm agreement energy vs. slug numberl « /2 out

2e Avg. =-0.006 ++ 0.239 keV oLzl
T iE Energy difference
3 4E agreementin A line
E g; 1 ; i, il b i A & i
S g |y brE o TTEI R Ty

=

-E-I;—_ | | | | |

0 5 10 15 20 25
Slug Number

SLAC E158: Progress and First Results

30

Position agreement ~ 1 nm




1400
1200
1000
800
600
400
200
0

400
350
300
250
200
150
100

50

April 9,

Regression Analysis

observed left-right asymmetry distribution

raw asymmetry
distribution
in one PMT

RMS ~ 3460 ppm

Co 1 . " L IR R R I
40000-20000 O 20000 40000 60000 80000

L distribution reqr#§
[ for energy,
[~ position,

— angle
— inone

800
700
600

W H O
© © ©
o O O
LI I B B

= I

=

S S
[

:— charge normalized
—distribution
—in one PMT

~ 1108 ppm

e

|
-10000 -5000

L |
5000 10000

. ! 7 1 \ . b
-2000 -1000 0 1000

| L
2000

10T grand width
102;—
: ~ 15 Million
10E electrons/pulse
N o =194 ppm
000 500 o 50 10'000
-0.1% -

In addition, independent analysis based on beam dithering
2003 SLAC E158: Progress and First Results
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Raw Asymmetry Statistics

Moller Detector Pull, All Pairs Moller Pull Moller Detector Pull, All Runs
5 n
107 Nent= 8.58631e+07 140 + "N"°"te' ';‘1‘:
= L ent =
o ) Mean = 3.147e-06 1200 Mean = 0.00489
10 = / RMS =0.9998 - RMS = 1.02
g / § : Constant= 128+ 5.691
3 / \ 100 Mean = 0.01049 + 0.03551
10 E / \ C Sigma _=0.9948 + 0.02699
= 80—
2 = -
10 40
1 “ |I| | ' | | 20 :—
| A L vl b b Ll 0_ | | | L | L |
-8 - 4 8 8 6 -4 2 o 2 4 6 8
Moller Asymmetry, BLINDED standard deviation

Chi2 / ndf = 18.66 / 23
e — '
48 GeV HWP IN 62.9 + 51.5 0.4 Prob =0.7206
p0 =0.02109 + 0.02191

—eo— 0.2 L _ } —
48 GeV HWP OUT 5.8+ 475 & | e } }7 I
Eo’ J_T } ___—-—T} IETII TIE
45 GeV HWP IN 12.1 + 37.7 & B J I I l i J~ I J l
-0.2 ¢ |
45 GeV HWP OUT 25.6 £ 42.3 B
04
(- B
Average 21.1 £ 219
0.6 - Moller Detector, BLINDED, Asymmetry vs Slug |
| ‘ 1 | | ‘ | ‘ 1 | 1 | I ‘ | | I ! 1 ‘ L L L L L ‘ L L
-100 0 100 200 0 5 10 15 20 25
Asymmetry (ppb) Slug Number
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Luminosity Monitor Data

E_ Asymmetry vs. Slug Number
1'5§ Chi2= 2.751
E 1- Mean =-0.021 +/- 0.016
‘Null test at level of 20 ppb & 0_51_|
n !
0_ I { Ll i 1 I | *
11 T ]
0.5 *
1000 Lumi Asymmetry (ppm) vs. Moller Asymmetry (ppm) 12— | | | |
‘<l ":'-.,‘aj;;‘:‘ s _ 10 15 20 25
- SE Slug Number
500 —
o -Density fluctuations small
' -Limits on second order effects
500 —
-1000

-1000 500 ’ 0 500 1000 5S and First Results 33



“ep” Detector Data

% 45 GeV
2 | § | 3 48 GeV
£, | HENEEUSEEENEEE — =
Q A F R R A S SR N
R S A RS R R
S I A A § """ inelastic sca'r'rer'ing
S % 3:i: ST Y &
i'— ! LL) '.,l Le’ . )
2 L o B v —— Atlow Q2 : A ;~10-4* Q2
. ep Detector, Asymmetry vs Slug | o
31T e L —iir«n e
i | L L 1 i 1 | | | i | 1 | 1 ‘ 1 OHWPOUWI
0 5 15 20 25

10
Slug Number

elastic scattering
Atlow Q2 : A, ;~10>#%Q2 - radiative tail dominated by elastic

scattering: ~ 8% under Moller peak

in the ep detector: - additional 1% contribution from

2 ° ° °
~ 0.06 GeV?Z: inelastic scattering
¢ ‘ - 35 ppb +/- 10 ppb
ARaw"’ 0.4 +/- 0.2 ppm - reduced by 40% in run II

April 9, 2003 SLAC E158: Progress and First Results 34



Backgrounds

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

- measure calibrated response to
quartz-bar detectors behind 15 cm of

ep

copper

our copper + 20 cm of lead
MID
N 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
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Corrections Summary

Issue f df A dA

Beam first order - - - 18
Beam spotsize - -

0
transverse asymmetry - - S 0*
High Energy photons  0.004 0.002 0 0
Synchrotron 0.0015  0.0015 0 5
neutrons 0.003 0.001 -5 3
ep elastic 0.080 0.020 -11 4
ep inelastic 0.017 0.005 -31 10
soft photons 0.001 0.001 0 9
Pions 0.002 0.002 0 5

0.109 0.021 42 24

*Run I systematic error will reduce from 24 to less than 15 ppb
*Run II corrections will be of order 25 ppb

April 9, 2003 SLAC E158: Progress and First Results 36



Normalization Errors

Issue f df
Polarimetry 0.85 0.05
Dilutions 0.89 0.02
Energy Scale 1.0 0.01
Geometry 1.0 0.01
Linearity 0.99 0.02

‘Beam polarization measured using polarized foil target
-Same spectrometer used with dedicated movable detector



Raw Asymmetry Result

Moller Detector, BLINDED, Asymmetry vs Slug

061 ~ Chi2/ndf=18.66/23

04 | R S S

20 25
Slug Number

April 9, 2003 SLAC E158: Progress and First Results
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Raw Asymmetry Result

Moller Detector, Asymmetry vs Slug

0,6 [

oA

ppm

Chi2/ndf=18.71/23

02 | O S

01 fffffffffff I

0.2

SERE
-0. Liol
-0.4 o__ ,,,,,,,,,,,,,,,,,, R

06 | R e
08 L - - - -
B | | | ‘ | | | | | | | | | ‘ | | | | ‘ | | | |
0 5 10 15 20 25

April 9, 2003

Slug Number
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0.6

0.4

0.2
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0.2 |

-0.4

-0.6

-0.8

Asymmetry vs Slug
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O HWP OU'II

April 9, 2003

20

25
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Grand Asymmetries

2000
- | : =
1500y b
1000 e . —
e e
0 B . ; | | | o
Q. , v v . v
Q B ® i [
soof e — f
-1000 . ‘ """""" ® Moller Detector
N s
- i ¥ Luminosity Monitor
_2000 I I ‘ I B ‘ [ | ‘ S R I I ‘ S N S I N
HWP IN HWP OUT HWP IN HWP OUT
45 GeV 48 GeV
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Grand Asymmetries

S L
w
| ]
L | Y
0 M N
o . l
o |l
v
a0 i
| : ®
- | l : ® Moller Detector
| | Qo " 3
-200 * """""""""""" """"""" """"""""""" """""""""""" """""""""""" ¥ Luminosity Monitor
I R l N S ‘ [ S ‘ I N i I T ‘ I I [ L [T 1 ]
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45 GeV 48 GeV
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Grand Averages

Lumi Detector Asymmetry

45GeV HW Out —e— 97.7 = 40.5
45GeV HW IN —o— -40.7 + 38.4
48 GeV HW Out | | -58.8 + 28.1
48 GeV HW In - -32.1+ 29.8
ALL DATA Fed -21.3+ 16.5

Moller Detector Asymmetry
| e |
48 GeV -160.7 + 34.9
.
45 GeV -168.5 + 28.1
e
HWP OUT -174.8 + 31.6
e
HWP IN -156.7 + 30.4
e
Average -165.4+ 21.9
T I O I A I B
-350 -300 -250 -200 -150 -100 -50 50

Asymmetry (ppb )

April 9, 2003

-300  -200 -100 0 100 200 300 400 500

Asymmetry (ppb)

parts per billion
(preliminary)

SLAC E158: Progress and First Results

Ap(ee at Q% = 0.025 GeV?):
-151.9 = 29.0 (stat) = 32.5 (syst)

Significance of parity nonconservation in Mgller scattering: 3.57 o
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The Answer

sin?0_+(Q%=0.025 GeV?) = 0.2371 + 0.0025 +0.0027
(stat) (syst)

(preliminary)
Theory prediction: 0.2386 + 0.0006
sin?6(M,?)
oVvN
0.240 | E158.. NuTeV Qwecs)  |—e—] 0.2306 £ 0.0023
|
0.238
NuTeV e—| 0.2361+0.0017
‘5@; 1
N 0.236 APV Run I+11+]
.E Colorado c;am?‘:ki a:;: E158 |——e—] 0.2296 +0.0038
wv 1 arciano *
0.234 “—Result
(preliminary)
PDG2002 o] 0.2311 +0.0006
0.232 SLD &
' P
0.01 0.1 1 10 100 1000 U ——
Q 0.22 0225 023 0235 024 0245 0.25
[GeVIc]
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Implications

sParity is violated in Moller scattering
=Limit on A,; at the level of 3-4 TeV (90% C.L.)

»Limits on extra Zs at the level of 400-500 GeV
=Limit on lepton-flavor violating coupling ~ 0.02 G

These numbers are currently on par with collider limits

Clearly need to reduce statistical and systematic errors

A doubling of accumulated statistics essential to have major impact



Outlook

*Analysis continues at an intense pace on Run I and Run II data
eSystematic errors will continue to reduce with statistics

*We hope to publish run I data by June

*Our goal is to unblind run Il data just before the start of run I11

*An efficient run III is essential to have lasting impact
*Currently, ~ 7 week run is scheduled

eFE158 represents a ~ $10M investment over 5 years

*A 10 week run is required to guarantee world’s most precise low
0’ measurement and capitalize on investment

eThe collaboration cannot be sustained past 2003 for physics runs
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Conclusions

*A very challenging experiment is producing physics results
*Parity is violated in Mgoller scattering
Inelastic e-p asymmetry at low Q? consistent with quark picture
*First measurement of e-e transverse asymmetry analyzing power

*Preliminary result on A,: -151.9 £ 29.0 £32.5 ppb
*Sin?6 . = 0.2371 * 0.0025 +0.0027 (preliminary)

*This experiment could not be done elsewhere in the world
*There were great benefits from SLAC technical experience
We look forward to completing the final analysis of Run I + /I
We eagerly await a successful Run Il
*Future of fixed target physics beyond E158 is in doubt

L oss of future unique precision measurements

*Serious loss to diversity of SLAC physics capabilities
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