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MOLLER EXPERIMENT OVERVIEW

POLARIZED ELECTRON SCATTERING ON UNPOLARIZED ATOMIC ELECTRONS IN LH2

MEASURES PARITY-VIOLATING SCATTERING ASYMMETRY = PROPORTIONAL TO Q¢

PRECISE MEASUREMENT OF THE WEAK CHARGE OF THE ELECTRON (6Q¢, ~2.4%)

PRECISION TEST OF THE STANDARD MODEL PREDICTION FOR THE RUNNING OF THE
WEAK CHARGE/WEAK MIXING ANGLE (& SIN? 8y, ~0.12%)

SEARCH FOR PHYSICS BEYOND THE STANDARD MODEL
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PARITY-VIOLATING MOLLER SCATTERING
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PARITY-VIOLATING MOLLER SCATTERING

PV MOLLER ASYMMETRY FROM

INTERFERENCE TERMS yZ IN
M, M
LAGRANGIAN Apy o6 —==
L

OR —OL
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G 4sin? 6 0
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= mkE
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Electroweak corrections in the SM
« couplings run (weak mixing angle/weak charge)
« Apy loop contributions depend on energy scale
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PARITY-VIOLATING MOLLER SCATTERING

RGE Running
Measurements
Proposed

tree level 1 loop EW corrections
Q¢ = 1 — 4sin?g,,~ 0.075 ——) ().0435

free level 1 loop EW corrections
Apy (Ocy = 90°) = 67 PPD e 40 ppb

e M e ¢ Z
w w + z 7z + V4 VA ¥

2 Loop corrections calculations underway!
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SENSITIVITY TO NEW PHYSICS

® PRECISE MEASUREMENT OF PV ASYMMETRY PROBES
CERTAIN MODELS OF NEW PHYSICS AT TEV SCALES

® |NTERACTIONS MODELED AS CONTACT INTERACTIONS
WITH NEW PHYSICS ENTERING IN LOOPS AT MASS
SCALE A AND COUPLING g

o 24PV _ 5405 — g~1— A~7 TEV

Apy

A~100 MEV — g~10"3aypp
Electroweak Interactions at scales much lower than the W/Z mass

courtesy
V. Cirigliano, . o
H. Maruyama, High Energy Dynamics

M. Pospelov . . .
P higher dimensional

~ 1
A (~TeV) L=Lsm+ ~Ls+ £6 ny operators can be
systematically

A A2
ﬂ classified

IVIW,Z

100 GeV
( ) >< o— x Dark Sector
————————————————————————

E

(coupling)-
Heavy Z’s, light (dark) Z’s, L-R models, compositeness, extra dimensions, SUSY...
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tracking
detector

integrating
detector
array

downstream
toroid

upstream liquid
vtoroid hydrogen

\ target
0,

collimators

11 GeV beam

1.25 m LH2 target

Full azimuth acceptance 5-21mrad
/0 WA max current

Moller rate ~2 GHz/ A

344 PAC days—=>8256 hours spread

over 3 running periods
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ACCEPTANCE —

« Effective full azimuthal acceptance
due to identical particles
« Acceptance from 8.9y = 50° — 130°

Not part of acceptance ™
Forward scattering
Backward scattering

E=11GeV o) e )0.26°t0.1.2°

Ocom VS Orap O Epegm = 11 GeV Moller E’ vs 6, 43
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S | EC | | 3 O M E | E | E . l One of the seven Downstream Torus coils
Collimator #4

Downstream Torus

® DEFINING COLLIMATOR (2)
UPSTREAM OF MAGNETIC OPTICS

* COMPRISES AN UPSTREAM AND
DOWNSTREAM TORUS WITH 7-FOLD
SYMMETRY

®* FOCUSES ELASTIC ee ONTO
DETECTOR ARRAY WHILE
SEPARATING ELASTIC ep

Upstream Torus Coils [Note: There is no Collimator #3]

Blockers #6 and #7 Collimator #1 Collimator #2

o
o
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DETECTORS

Light guide

Fused silica tile O

® SIX MAIN DETECTOR RINGS OVER
FULL AZIMUTH MEASURING
DIFFERENT PARTS OF SIGNAL

® INTEGRATING IN CURRENT MODE

Fused silica tile

e 122 GHzZ FOR MOLLER RING

Simulated o
single octant gSE=
rate with ‘

detector: £+
locations £

-10
-20
-30
-40

'5-%0 120 10 -
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LIQUID HYDROGEN TARGET

High Power Heater

Scattering Chamber LH2 pump motor

He-H2 heat exchanger

Beam line direction .
LH2 cell in beam

Scattering Chamber Stand

« Qweak target precursor

 1.25 mlong target
« Design with extensive CFD > 47 ppm = 30 ppm
» Flow 17 1/s > 251/s

expected complete by end of :
year » Cooling 3 kW - 4 kW

11
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PARITY QUALITY ELECTRON BEAM

* HIGH POLARIZATION (~85%)~> ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE
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PARITY QUALITY ELECTRON BEAM

® HIGH POLARIZATION (~85%)—=> ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE

* RAPID HELICITY REVERSAL (~2KHZ) TO REDUCE RANDOM NOISE FROM TARGET DENSITY
FLUCTUATIONS

®* HELICITY REVERSAL OF LASER POLARIZATION IN SOURCE PROVIDED BY POCKELS CELL
* PREVIOUS KD*P CELL LIMITED TO ~100 uS DEADTIME FOR EACH REVERSAL DUE TO RINGING

®* RINGING ELIMINATED AND 10 uS REVERSAL TIME POSSIBLE WITH NEW RTP CRYSTAL CELL
DEVELOPED BY UVA

transition + ringing ~ 100s
——

KD*P Tek :I'L. Trig’d " M Pos: 88.00us

transition ~ 11 us

A

g

Tek Al Trig’d MPos 5,800 us

‘0 -
CH1 S00mY CH2 100m}\ M250us

. P

CHi momv“ﬁﬁ.‘dﬁ\)"‘“’M‘zﬁo‘ﬁi"" B PR
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PARITY QUALITY ELECTRON BEAM

* HIGH POLARIZATION (~85%)=> ROUTINELY. ACCOMPLISHED WITH GAAS PHOTOCATHODE

* RAPID HELICITY REVERSAL (~2KHZ) TO MINIMIZE RANDOM NOISE (EG. TARGET DENSITY
FLUCTUATIONS AND SLOW: DRIFTS

® HELICITY CORRELATED (HC) DIFFERENCES SUPPRESSED

Achieving Moller Requirements

PREX-2 MOLLER
(achieved) (required) 1. Injector upgrade including

BT Tl | v Wien filfer and 200 keV
 Energyasymmery | T£0.6ppb | < 0.7 ppb | S Soyagar
" position differences | <2=20m | 120m |G SIS
angle differences | < 0.2 0.dnrad | 0.120mad effects (oeam halo)

size asymmetfy (quoted) | <107 | « Befter matching =
adiabatic damping
« No x/y coupling
2. RTP cell provides ability to
feed back on position and
intensity differences
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PARITY QUALITY ELECTRON BEAM

® HIGH POLARIZATION (~85%) =2 ROUTINELY- ACCOMPLISHED WITH GAAS PHOTOCATHODE

* RAPID HELICITY REVERSAL (~2KHZ) TO MINIMIZE RANDOM NOISE (EG. TARGET DENSITY
FLUCTUATIONS AND SLOW: DRIFTS

® HELICITY CORRELATED (HC) DIFFERENCES SUPPRESSED
* CANCELATION OF REMAINING HC FALSE ASYMMETRIES = SLOW REVERSALS

Insertable Halfwave Plate Injector Spin Manipulation

- Reverses circular polarization relative to PC - Solenoids + 2 Wien rotations

voltage Loser  Linear USRS o o - ~80 reversals during run phase 2&3 (weekly)
- frequent changes (few hours) =) \
- some HCBA cancel (many do not) v l Iy b

=] 3. Two spin solenoids do the
flipping, each adding +45°

iser ine
Light Polarizer Plate

but includes 90° offset

Laser optics

Do 4. Finally, Flip- Left or
Flip- Right is achieved

9-2 rotation > -~ \1"' = 2) Ver\ticaIWien filter
- precession in accelerator arcs ool precesesspn 0o e
- Modest shift in beam energy (AE~100 MeV) from Gun
- intend a few reversals per annual run period

Suppressing:
- electronics pickup
- beam asymmetries

Courtesy K. Paschke - Spot size asymmetry
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POLARIMETRY: COMPTON ~0.4%

Detection of backscattered Microstrip
photons and recoil electrons gz‘;‘c’&':
Scattering ~3kW circularly :
polarized green laser from N racton
electron beam and detfecting o el S e
both back-scattered y and e- h——
: B wmn
® y-DETECTOR ® E-DETECTOR
*  NO-THRESHOLD INTEGRATION 200 MHZ * 3R DIPOLE MOMENTUM ANALYZES

SCATTERED ELECTRONS
[ J =
s e ® SPECTRUM FORMED AS FUNCTION OF

DISPLACEMENT FROM BEAM

« 11GeV Asym =0.1301
* 10GeV Asym =0.1185

oo Ao 012 e ® SILICON DETECTOR NOT CURRENTLY

Efﬁﬁ o FUNCTIONING BUT PLANS TO REPLACE
+ 5oV Aoym - 00741 e | WITH DIAMOND STRIP OR HVMAPS
' < (HIGH VOLTAGE MONOLITHIC ACTIVE

PIXEL SENSORS) DETECTOR

+  4GeVAsym=00619

* MOST INDEPENDENT FROM y BUT
R I SHARES LASER POLARIZATION

Hall A collaboration meeting Jan 2020 16



POLARIMETRY: MOLLER ~0.4%

» Elastic ee scattering from a Fe
foil polarized | | beam

« Parity conserving Moller asym

O — 0y
b A geC=sgata atalala el
o + oy
ol t b
Ameas— Z PiAiij
Je aa YT T T N T T S N YT U T A T TS S T T T Y T T A MY M
SUSTOR 100 200 300 400 500 600 700 800

Z cm

* Measured asymmetry for us
Along 5 PZtAzszb

® KEY SYSTEMATICS BEING STUDIED: LEVCHUK EFFECT, TARGET POLARIZATION, SENSITIVITY
TO OPTICS

® |LOTS OF LESSONS LEARNED DURING PREXII/CREX
* MAY ADD GEM TRACKER TO REDUCE SYSTEMATICS FROM OPTICS UNCERTAINTY
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MOLLER Project Team has been very active

® THANKS TO THE LEADS WHO HAVE HELPED SHEPHERD MOLLER THROUGH SEVERAL REVIEWS

* Project Manager: H. Fenker » Project Engineer: R. Wines
» Deputy Project Manager: J. Butler « Saofety Lead: E. Folts

®* THE MOLLER COLLABORATION OWES MUCH THANKS TO HOWARD FENKER WHO JUST RETIRED
® GRATEFUL TO STEVE WOODS FOR STEPPING IN AS INTERIM PROJECT MANAGER

* JIM FAST (CURRENTLY AT PNNL) MOVING TO JLAB IN MAY TO BECOME PERMANENT PROJECT
MANAGER

STATUS

®* |UNDERWENT INTERNAL CONCEPTUAL DESIGN REVIEW DEC 12-13, 2019
® COMPLETED DIRECTOR'S PRE-CD1 REVIEW JAN 14-16, 2020
® EXPECT DOE CD-1 REVIEW TO BE SCHEDULED SOON

* OPTIMISTIC TO ACHIEVE CD-1 STATUS BY START OF 3RP QUARTER OF FY20
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THE MOLLER COLLABORATION CONSISTS OF ~160 AUTHORS,
3/ INSTITUTIONS FROM 6 COUNTRIES

THANK YOU
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FIGURE OF MERIT

Apy varies over accepfance from 40 to Corrected
27 ppb > (Apy)~32 ppb

40 60 80 100 120 140 160 180

: s 0 d
Cross section minimum at 8.4 = 90° cou (989)

FOM = (A%, R..) maximum at .oy = 90°
and varies slowly away from 90 deg

90 100 110 120 130
Ocom (deg)
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SENSITIVITY TO NEW PHYSICS

®* NEW PHYSICS CAN BE PARAMETRIZED BY CONTACT INTERACTIONS

IN AN EFFECTIVE LAGRANGIAN
RN
rrs |0 ] 0|0 |
rs |0 o w0

2

(1+—5 Z Uzjez’mezfg7 fi
i,j=L,R

om0 o |0 |

®* VARYING SENSITIVITY TO DIFFERENT COUPLINGS
* MOLLER PART OF LARGER PROGRAM TO PROBE PHASE SPACE OF AAi el Ml Ml M

DIFFERENT MODELS OF NEW PHYSICS

* WIiTH i = 1 AS IN HIGH ENERGY PHYSICS GIVES MOLLER httos://andv.ora/abs/1302.6263
SENSITIVITY TO AS§ = 27 TEV
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RUNNING OF WEAK MIXING ANGLE

* RUNNING OF SIN? 0y, PRECISELY GIVEN
BY STANDARD MODEL AND ANCHORED
ABSOLUTELY BY MEASUREMENTS AT THE
/-POLE RESONANCE

* 3 SIGMA DIFFERENCE BETWEEN LEP 1| RGE Running
AND SLC MEASUREMENTS WITH NEARLY | Praents
EQUAL PREC'S'ON . MOLLER goal

® AVERAGE AGREES WELL WITH HIGGS
BOSON MASS OF 126 GEV

® CHOOSING ONE OR THE OTHER HAS
RUINS AGREEMENT WITH DIFFERENT
IMPLICATIONS FOR HIGH ENERGY
DYNAMICS

MOLLER PROPOSAL TO MEASURE 0T e
5SIN? 8y, = 0.00028 HAS SAME LEVEL
OF PRECISION AND INTERPRETABILITY

Best projected sensitivity to sin? 8,, at low Q%or at collider over next decade.
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