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eI ntroduction: Weinberg-Salam Model and sir’(qy,)
*Parity NonConserving Electron Deep Inelastic Scattering
*Possibilitiesat SLAC End Station A
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Remember—I’ m not the expert here.

Abducted by an alien circus company,
Professor Doyle is forced to write calculus
equations in center ring.

Standard Model parameters.
e Charge, e & a,

e g < Gg from mlifetime

« M,

* SI¥(Qy)

Unification of Weak and E& M Force
» SU(2)—weak isospin—Triplet of gauge bosons
» U(1)—weak hypercharge—Single gauge boson

Electroweak Lagrangian:

L=gJy W,+gJYB,

i 4 EM 3
JY = giM g 8)

J, J.Y isospin and hypercharge currents
g, g couplings between currents and fields

(Wi xiw )

L (¢ + ¢B,)
(3

1 (Q’IW;E. )_ 98“)

g

tan Oy = =—

Wr = ?L

Ay = g°+g
Z{i s

& Vertg?
Vector: gy= t (i
Axial: dg,cty (1)

g

Weak isospin

Weak CC
EM NC
Weak NC

Charge
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@ sin?(q,,) Measurements below Z-pole

e NuTeV nA scatteri ng: < MS-bar scheme, Jens J2
— 3s from Standard Model!!! i

— Fetarget: PDF siniron? Nuclear
corrections—NC vs. CC? i
 Atomic Parity Violation (APV): «—__ |
— Good measurement, hard to 5
understand theoretically.

*SLAC E158-Mdller [Q, (electron)]:  <Zo23s|

—Preliminary (low stat.) result agrees with ;
Standard Mode! (large uncertainties) ¥~—__¢

~ Future measurements

024

—Final run this summer / [ | (anticipated uncertainty)
oJefferson Lab Qweak (proton) [
—Flastic ep scattering 0.3
—Datain 200877 I
* DIS-Parity: e
— Deep Inelastic Scattering Parity 10107 10 10 v

Violation on Deuterium

_ SLACLOI now, datain 2006-20077  *£-Polé measurements
— (@) =20GeV? — Combined from many expts.
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o) Polarized e deuterium DIS
Q°= —g?=2(EF' —k- k) L ook for left-right asymmetry in

—m?—m? polarized eD deep inelastic scattering
~ 4EE 9n?(g/2)
n=q-PIM=E-F *Asymmetry caused by interference
X = Q?%/2Mn between Z° and gdiagrams.
y=q-Plk-P=n/E . [ e e e e
Wz = (P +q)?
SR AR I o [Feo{ e
s=(k +P) ’ \

= Q4/xy + M2 + m?

*Use deuterium target: u(x) = d(x)
sLarge asymmetry: A~ 104x Q?
«Cahn and Gilman PRD 17, 1313 (1978)
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(/&N Standard Model Extensions

Heavy short range
Interaction

4-Fermi Contact

e e
ga°
:; évq
up

Leptoquarks Compositeness
e e © e
l>‘
| >—"
up

up

Z' mass limit of 1.5TeV
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) How does DIS-Parity fit in?

L

SLAC E158/Mgller Atomic Parity Violation Q-Weak (JLab)
g 37 g
e
. Purely_ Lepton_i C—NO . Coherent quarks in entire nucleus » Coherent quarksin
quark interactions o Nyclear structure uncertainties Proton
* Complete in 2003 o -376 C,,— 422 C,, e Resultsin ~2008
u
¢ 2(2C,+C,))
NuTeV (Fermilab) EXpt Probe SLAC DIS-Parity

n m n n _
N z; different

== parts of

» Quark scattering (from nucleus) | | agrang| an | . eoscae quark scattering

» Weak charged and neutral
current difference (2C1-Ci9)+Y (2C5-Cy)

e
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%@g Textbook Physics:
Polarized e d scattering

9.7, Experimental Tests of Neutral Currents in the Weinberg-Salam Medel 333

Introduction to

9.7.4. Asymmetries in the Scattering of Polarized Electrons
by Deuterons

Finally we discuss a very delicate experiment to detect tiny parity-
violation effects (asymmetries) due to the interference between Z° and
y-exchange in inelastic scattering of polarized electrons by deuterons. The
experiment was carried out with beams of electrons of 16-22-GeV/c momen-
tum at SLAC, the reaction being

eL, R £ 3 dUnpolarized —e€ + X-,

Donald H. Perkins
Repeat SLAC exp. (30 years later) w/better statistics and systematics.
e Beamcurrent 17mA vs.4mA a SLACin’78 x 4 stet
e 100 cmtarget vs. 30 cm target x 3 stat
« Higher Q% (beam energy) (18) vs (1.6) GeV x 11 stat
* P, (electron polarization) = 80% vs. 37% x 2 stat
e dP,~0.3%Vs. 6% x 20 sys

» Better understanding of QCD (parton distributions/higher twist)
 Better control of beam systematics (polarization)
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o) DIS Formalism

Ay w2 o7, —OR L ongitudinally polarized electrons on unpolarized isoscaler

or + oR (deuterium) target (derivation is problem for listener).
= . 3(;;:@2 261'{:} = Cld [1 + Ra.(ii)] '+- Y (QCQH = CQd) R.-U(:I‘-)
Ta2v/2 54 Rs(x)
o === ,y)2 P (r) _ 2.5’(:13) Iarge;c
T 14+ —-9)2-42R/(1+ R) S u(z) + d(z)
1_;,.1__.(1.':) + di:(fﬂ) large x
R(x,Q%) = op/op ~ 0.2 Ru(z) = At

C,, = NC vector coupling to g C,. provide sensitivity to
x NC axial couplingto e Sir?(q,)

C,, = NC axial coupling to g W
x NC vector coupling to e

e e

Note that each of the C,_ are sensitive
to different possible S.M. extensions.
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) Sensitivity to sin?(qy,)
Ciy=—1% + #sin? (0w )= —0.19, Cig= % — Zsin® (0w )~ 0.35,
5—2s

Coy=— 2 + 2sin” (0w ) ~—0.04, Coy= 5in” ({}'ﬁ )= 0.04.

with sin” (0w) =~ 0.23
3 /100 N\ . | esin®(6w) 091+ 0.12Y [§A,
f'i,:i ~ @ 5(1 ‘|‘} ) — (E + 61’ ) fﬂﬂ_(f}ﬁf J] Eillg(f}ﬂf) e 1 + 1.8Y 44”1
pa E}Jli) at Y ~ (.82
L arge asymmetry s

Q% =20 GeV?, A= 0.002

Gain factor of 2 in dsin?(q,,)

over dA,

e eP e e e e
7 ?

k \

L ook for interference between Large photon term and New Physics
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(»)  Experimental Constraints and Kinematics

e DISregion = (2> 2.0GeV?2
= W?2> 2.0 GeV?
o Small seaquark uncertainties = x>0.3
e Minimize higher twist = (> 10 GeV?
= X <0.7
o Better senditivity to sire(q,,) = LargeY
 d(x)/u(x) uncertainties = deuterium target
e Minimize p backgrounds = E'/E>0.3 (y<0.7)
» Reasonable rates = determine Q2 event by event

= realistic run time

In fact, well matched to available beam at SLAC with
spectrometer built from (mostly) pre-existing components.

(X) = 0.41 (Q?) = 19.1 GeV?
(Y) =0.82 (W2) = 29.0 GeV/?
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End
Station A
(ESA)
Morth Camping Ring Baam / \
[1.15 GeV] . ) ) Switch /7 )
Fasifron Haturn Lina Fositron Source Yard /
i ] o
(BSY) |
E-gun “w i \
l—qlL - | e— o ,-
200 MaV Limac \l ,-“;
injector South Damping Ring \ i
[1.15 GeV] \ /
- 3 km - " /4
From http://mww2.d ac.stanfor d.edu/wc/experiments/esa.html — — 1

e Experiment located at SLAC End Station A
» Helicity related beam problems are already solved for E-158 Maller

» 35.6, 38.8 GeV beam—-p rotation in (g-2) precession in beam line.
o Ox10M e/spill at 120 Hz; 5x108 spills

» 80-85% Beam polarization; unpolarized deuterium target
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) DIS-Parity Spectrometer

@ ¥ «Pairof identical
Spectrometers at 12°

Detecturs
e Electron focus of 9-20
Beam > G eV
petectors Acceptance:
B +8 mr at 9 GeV

4 B .
_ Smeters 8 oy +12 mr at 20 GeV

* | ead-glass array
— dBE/E= 4.5%

Beam _
? — Usedin E155
Target Detectors .
Q3 s &,  *Raesrequire new

SIDE ViEW ™ flash ADC system

— (Kamland/Berkeley
design)

PLAN VIEW Q2

Target
Q3

Use existing magnets/spectrometer design
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) SLAC DIS-Parity Collaboration
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@ Uncertaintiesin A, and sin(g,,)

dA /A, | dsn?(qy)
(%) | (absx 103)
Satistical 0.6% 0.6
Experimental Syst. | dA /A, | dsn?(qy,)
Uncertainties (%) | (absx 1073)
Beam polarization 0.3% 0.3
|dQ? 0.3% 0.3
Electromagnetic 0.3% 0.3
Radiative Corrections
False Asymmetries 0.1% 0.1
Pion Contamination 0.1% 0.1
Pair symmetric bkg 0.1% 0.1
Target Purity/Density | 0.1% 0.1
Electronics/pile up 0.1% 0.1
Total 0.6% 0.6

Theoretical Systematic dsin?(q,,)
Uncertainties (abs x 10°9)

Dynamic Higher Twist 0.1
Electroweak Radiative 0.2
Corrections
Quark distributions 0.2
Charge Symmetry Violation 0.2
dR(=s,/sq) 0.1
Total 0.4
6 sin? Oy, - (5Ad)

. 2 ~ . e .

Total Uncertainty:
dA/A = £0.8%
dsin’(q,,) = £0.0009

9 June 2003
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(&) Beam Polarization M easurement

18072 18072 18072
Compton
Soft Bend 2Tm ; 4Tm 2T
aj Laser Polarimater Duiu_t_tm m
E [ I _._-E=———__._;:7:—:__ = e —
Interaction Region Phaton
% Detector
g
-
o —
Q. _ _ - 1]
Mirrars laser transport line
E Laser
Q —2
@) E
o
[t
&)
w1
8
= 1] 5 10
:i‘i L0 [ l | LaserHut

Horizontal Scale in Meters

Based on SLD polarimeter (0.5%—we want 0.3%)
 Detect both scattered electron and photon (independent measurement)
* High Power Laser: P,=99.8+ 0.1%, 10*" photons/pulse (S0mJ)

o Small (< 0.1%) radiative corrections

9 June 2003 Paul E. Reimer, Argonne Nationa Laboratory 15



ﬂﬂﬂﬂﬂ

Q? =4 EF sn’(g/2)

E.

 dE < 0.1%—calibration of
beam line magnets

«Zero point of longitudinal beam
polarization defines 37.22 GeV

E sn’(g/2)
*Optics Measurements for E/
(0.2%) and g (0.2mr)
*Floating Wire calibration in
E140 achieved this

—Central angle £+ 0.05 mr

—Central Momentum (dE'/E)
+ 0.03

—200

—
Spectrometer
Focus

P A0 (msr)
2.0 0.82%7
10.0 0.882

12.0 0.828

14.0 0818
16.0 0.4?9| |

L 1 L L L L L 1 [ L ]
I L T T T ]’ T Li L T '[ T

Other:
o“Point” Targets/masks
*Quad off measurements

9 June 2003
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i@; Expected s n2(qW) Results

MS-bar scheme, Jen'-; Erler

dA /A, = £0.6% (stat) :
+0.6% (syst) 024 L
(£ 0.8% combined) -
dsirg(qyy) = + 0.0003 (stat) :
+ 0.0003 (sys) L @APV s
+ 0.0004 (theory) Soassf |
(+ 0.0009 combined) ~ |

What about C,'s?
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(&) Exp. Congtraintson C,,,, C,g, C,,, and C,,

0.4 0
0.375
(5035
0.325 -
V.25 0225 -3.2 0.175  -0.15 U925 02 0.15 0. -Edﬁl 07005 01 0.5
“1u “2u

Present experimental constraints are wide open, except for APV
(1 standard deviation limits shown)
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(&)  Extracted Signa—It'sal in the binning

AND STIR - TWENTY PANCAKES,, S0 o
RIGHT. - _ 84}
o W [ 2C,.-C,, = 0.718798 +/- 0.00538577
[ 20,-C,, = 0.0986023 +/- 000891758

:r;jz

HEH, THET'S 700
MIH TROUBLE .

T «—{ QWesk & APV

R TP L RS AL
I

-I L ] ] J 1 L 1 J 1 L ] I 1 L L ’ 1 L ']
Ll 0 0.2 0.4 0.6 (0.8 1

Y
-qrf
intercept = 2C,, — C,, 0102 = [(2C14 — Cha)
Slope = 2C2u— C2d —|_ (20211 . ’Ed)]

Note—Polarization uncertainty enters in slope and intercept
A, = PA, x P(2C, —C,y + P(2C,,—C, Y] but is correlated
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7 DIS-Parity determines 2C,, -C,,

0.4
i:;;
\Z 0.05
)
0.375 0
0.05
Q,
CDF L
Zossp Bates éw 01
™
SN 0.15
SR
0.325 o) . 0.2
7
NNy 0.25 DIS-Parity w/
& 4 / APV, QWeak
U+ _0+ |r||IIJ||||II|l|J||||
0.25 10.225 0.2 0175  -0.15 025 0.2 -0.15 -0.1 005 0 005 0.1 0.5
C[u C

2u

Combined result significantly constrains 2C, —C..
PDG 2C,,—C,,=-0.08 + 0.24 Combined d(2C,,—C,,) = £ 0.009
x 27 improvement (S.M 2C,,, — C,, = 0.0986)
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()  Additional Possibilities with H,

» Asymmetry in s -2s | P el e 2 (o5 = op)
— Interpretation does not require of +of —2(of +of)
knowledge of parton GrO2\ [ 1
L F
distributions (except charge = (mz f) {—5 + 2sin? (O )]
symmetry). % [1 4 Y]

_ _ ~ —0.65x 107°Q%(1+Y)
* Ratio of asymmetries: A /A,

— If C,,’sare known, measures (ﬁ) _ (2@1“ - r(-r)C'm) ( 5 )
r(x) ~ d(x)/u(x) at large x. Aq 2C14 — C14g 4 + r(x)

— Polarization cancels ou.

r(x) =~ d(z)/u(x)
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» Measurements of sir(q,,) below M., 0

provide strict tests of the Standard Moddl.

« Parity NonConserving DIS provides
complimentary sensitivity to other -

planned measurements. §

DIS-Parity Violation measurements can
be carried out in at SLAC in the near term

MS-bar scheme, Jens Erler

24

T T [ T r T 1

future. : :
91 i dSl nz(qw) — 0.0009 {comb.)
of d(2C50= Coy) 5 0009 reprustitiisu
i Q (GeV)
Y4 Status:
02 :;?‘égw . DIS-Parity .LO| Smeltted tO SLAC EPAC
8 PR s i *Presentation to EPAC on 12 June
o3k P O Full Proposal in Fall 2003
4,25 02 005 008 -“f? 0 005 00 03
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Gary Larson, The Far Sde

Schemes

Definition of sir?(q,,) depends on renormalization
scheme which is used.
*\Well defined relationships for converting between
schemes depending on m, and m,,.

Effective

On Shell 7. Mass MS (Z-Pole)

9 M2, 9 _ wa(Mgz) A9 32 (M 9 gvi
S?V B (1 B -Hg_) 3;43 (1 B 3‘%’13) - ﬁGFfiI‘Ej é} - ﬁrﬁ(flet‘:-Fﬁz?:EMz} ; - ll (1 B éﬂf)
s2, — 0.22272(38) 5%, = 0.23105(8) 52 —0.23107(16) 52 — 00.23136(15)
Familiar, smple *Most preciss—Nom, M,;  *Based on coupling «Simple
sLargem, M, dependence constants—theorist’'s ~ *Phenomenological
dependence 'm, M, reenter w/other definition definition

observables *Not conceptually

simple
See PDB “ Electroweak Model” (J. Erler -DeItJermined through

and P. Langacker) for a better discussion. | global fits
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Detector and Expected Rates

x | E | Y| @ | W2 |ple| Rae |dAJA,|dsn(q,)

(GeV) (GeV?) | (GeV?) Uspill) | (%) | (x 100)

031| 158 [0.89| 98 | 361 |3.10| 44 | 1.39 | 0.4

0.36 | 175 |0.86| 10.8 | 32.4 |0.40| 36 | 141 | 0.15

041 19.3 |0.83| 11.9 | 287 |010| 29 | 147 | 0.6

047 | 21.0 |0.79| 130 | 250 |0.03| 22 | 158 | 0.17

053 | 227 |0.76| 140 | 21.3 |000| 15 | 1.76 | 0.20

059 | 24.4 |0.72| 151 | 17.6 |0.00| 1.0 | 2.06 | 0.24

067 | 261 [069| 162 | 139 |0.00| 05 | 260 | 0.30

0.75| 27.8 |0.65| 17.2 | 10.2 |0.00| 02 | 3.68 | 0.44
Average | 0.41 | 19.1 |0.82 | 11.82 | 28.97 | 0.94

Total 163 | 06 | 0.09
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