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The weak mixing angle

. Electroweak model SU(2); X U(1)y (Glashow, 1961)
A, = B} cos 6y, + W,” sin 6y,
Z, = W, cos Oy, — B sin Oy,
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Two independent coupling constants g and g’ 7 W{y/z z f
. On-shell definition of the weak mixing angle . W
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« Weak neutral current
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- Effective value due to radiative corrections

- 2nf — f .2
sin® 0 ¢ = K sin“ 6y,

Full two-loop EW fermionic and bosonic corrections completed recently




sin? O.¢s measurements

® A FB ClO S e tO the Z p Ole 0245 Energy dependence on the electroweak mixing angle

« §(sin? O4¢) ~ 0.0006 <
. Q0 =my, =91 GeV E
®  0.24
- Atomic parity violation
. §(<in2 ~
d(sin” B.¢r) = 0.002 0,235
.+ Q ~ 1073 GeV
- v and polarized e~ -
scattering on fixed targets | = Q,(APV) ¥ eDIS
» §(sin? O.¢) ~ 0.0012 — 0.004 uQ, * NuTeV
. 0~ 01— 1GeV o22s[ A . @LEPSID i
. -qc; 1 88 2 2SS
- Planned experiments R |
* P2 at MESA (Mainz) |
° Moller at JLab S 097; .............................................................................................................................................................




Left-right asymmetry at J/
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- Parameters of the SCT experiment polarization -
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sin®(0¢¢p) at J/y

d sin” Heff 0.44 ALk Rd0.44 ai ~ 0.1%
_ % e 01%
sin? Beff A g &

- Ultimate one-year precision

5(sin% O5¢) = 2.5 x 10~*

- The average electron beam polarization ¢ should be
controlled with precision better than 1073

* On-line laser diagnostics

+ Off-line data-driven approach: _

ete” > J/Y - [A-pr][A - pr™] A. Bondar, A. Grabovsky;,
A. Reznichenko, A. Rudenko &
V. Vorobyev
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Subtleties and difficulties

1. Due to natural radiative polarization the averaged beam polarization

S+ F —§-
2. Beam life time depends on square of polarization degree

3. J/¥ cross-section depends on beam energy spread. Due to intrabeam
scattering the energy spread depends on square of polarization degree

4. Not equal average positive and negative beam polarization &, # —¢&_
may effect on asymmetry measurement

5. Effect of natural polarization of positrons

How to overcome above difficulties?
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Experiment at SCT

Set beam energy at /s * m(J/y), about 300 bunches circulate
simultaneously

Set random polarization, ¢, or {_, &, = —¢&_, for each e™ bunch

During the data taken flip spin of all bunches with high as possible
frequency

Count numbers of the J/y — hadrons events N, and N_ for the
polarizations ¢, and &_

Ny ~ 1017, event rate ~ 100 kHz

Calculate the cross sections and left-right asymmetry
Ny Oy —O_
= — A =
o Liget KR 6, +0_

Luminosity monitoring and backgrounds
Statistical precision o, /L ~ 107°is needed




SCT collider polc-

> Beam energy: from 1 to 3.5 GeV 2.5 GeV e-
> L =103 cm™%s71 @ 2 GeV
» Longitudinal polarization of the electron beam

> Crab-waist collisions
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Systematic errors suppression

A measurement of spin-dependent effects requires periodic reversal of the polarizations of
the electron beams. As a rule this procedure does not effect other parameters of the beam.
dNy

S t A dt
SAY t ~ 106

A,= 5 sec - time interval between spin-flips

t
T= 300 sec duration of the single bunch data taking Srnnnnnnnnr
= 2000 sec- luminosity life time
ng= 300 - number of bunches
T, .= 107 sec- time of measurement .
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Spin motion in the storage ring

ng along machine, E =1.55GeV
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Equilibrium spin direction along the

Spin response function to the flipper

ring. The spin turn is equal to half transverse magnetic field along the ring

integer number.




Spin flip

Aﬂip
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Spin Flipper RF-field amplitude
variation with field frequency for
adiabatic resonant spin flip

Spin Flip in 200000 turns
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Result of the adiabatic resonant spin
flip simulation
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Requirements to Detector

Event time resolution 1s better than 1 nsec
High rate (>100 kHz ) event record capability

High rate luminosity measurement at small angles

Requirements to Collider

High luminosity

Electron beams with high degree of longitudinal polarization
Fast control bunch by bunch polarization

Adiabatic spin flip

Flexible beams injection

Guaranty depolarization of the positrons (& ”<10'6 at the IP)




Forward - Backward asymmetry

. Annihilation process ete™ = ff
do

d cos 6

< A(1 + cos?8) + Bcos b

- Forward-backward asymmetry
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- Counting experiment
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Forward - Backward asymmetry

FT T T T T 1 =

- ete™—Hadrons a

- (a) 4

1000 & -

100 & =
|O [ 1 | l 1 i L L |

~efer—putym  lcos 8106 ]

100 g (b) E

10 = .

= E
Y T TR N N T N S

200 |- ete”—ete” Icos 81 = 0.6 -

(c)

100 =

- =

L 4 | ]

" 1 ! 1

—I al l 1 | L | | L ! !ﬁ

3050 3.020 3I100 30 3Al120 3130

ENERGY E¢pm, (GeV)

- Interference of y* and Z* annihilation
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Parameters of the SCT experiment
- Luminosity L = 103> cm™2s™?!
- Cross-section g(ete™ = J/Y - utu™) ~ 0.2 x 10739 cm?

- One data-taking season T,,, = 107 s

2 .
dAl =~ ~5 XdA;,=5x10 " °
FB = \/LoTtot LK

5(Sin2 ngf) ~ 1.25 X 10_3

5 times less statistical sensitivity, but much less systematic error




Conclusions

SCT with polarized electron beam is a unique
experiment to study neutral weak coupling of the charm

the mixing angle

0.245 22

quark and to measure sin? Hécff

sin®6,,(Q)

The decay J /i = AA can be used as a precise monitor of

the average polarization of electrons

Spin “gymnastics” radically suppresses systematic

uncertainties in measuring asymmetry of ALR o ————— S E—

Measurement of forward backward asymmetry in the
J/¥ — upi even more free from possible systematic errors

Thus, it can be conclude that

precision measurement of si

2
n=<0,,

at

Super C-Tau factory could be feasible
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Luminosity monitoring

Ny

Ligeff

O'i=

- Statistical precision a;/L ~ 107° is needed
« Multiplicative biases vanish in asymmetry

- L monitoring with Bhabha events
glete” > ete )pa10o 1 x1073%cm? = ag(ete™ - J/Y)
- Bhabha events statistics will limit precision
- L monitoring with dedicated device at low angle

- Would provide good support for the sin? 8,4 measurement
* The device should be able to measure bunch-by-bunch luminosity




AFB at LEP

- Annihilation process ete™ — Z — ff, unpolarized cross-section
do

< A(1 + cos?8) + Bcos b
d cos 6

- Forward-backward asymmetry

O-F_O-B 3
Al = = A A,
FB ™ or+0p 4 e’s

295 94 _ 1 — 4]Qf| sin? ngf

(95)2 * (95)2 1~ 4|Qy|sin? 6/, + 8|Qf| sin* 0,

- Counting experiment




sin” 0. at colliders

1. LEP
- Unpolarized e*e™ beams near the Z pole, 17 x 10° Zs
« Forward-backward asymmetry

2. SLAC Large Detector (SLD)
- Polarized e*e™ beams near the Z pole, 50 x 103 Zs
« Average beam polarization of 60%

* Combinations of the forward-backward and left-right
asymmetries

3. LHC: ATLAS, CMS, LHCb

« Unpolarized proton beams
» Tests of the Z — Il couplings and measurement of the sin? 8.
* Model-dependent




SLC Experiment

- Polarized beam gives access to the left-right asymmetry

Oy _
= Ac¢
oy +o_

Ap =
¢ 1s the average polarization of the electron beam

- Forward-backward asymmetry with polarized beam

3 A, +¢
f e
Al =24, >
FBE 47T 1+ A8

- Left-right forward-backward cross-section ratio

f f f f
_ 40,5+ 0pg — 015 — Ogp

Ar =

f f f f
3 Opp T Ogg T 01p T Opp
Counting experiment with direct measurement of As




Table 3.8

Overview of the measured asymmetries at the Z pole from the LEP and SLD experiments [19]. The values are
compared to the SM prediction and a pull value for each observable, (Omeasured — Opredicted )/ A O, 1s calculated. In
addition, the corresponding effective weak mixing angle sin® Héff is given. The values indicated with an asterisk
have been derived within this work.

Observable Collider ~ Value Total unc. SM expectation Pull Corresponding sin” 0l
Ae LEP 0.1498 0.0049 0.1473 = 0.0012 0.5 0.23117 = 0.00062*
A; LEP 0.1439 0.0043 0.1473 = 0.0012 —0.8 0.23192 £ 0.00055
AE;;’ LEP 0.0145 0.0025 0.01627 &= 0.00027 —0.7 0.23254 £ 0.0015"
Agé“" LEP 0.0169 0.0013 0.01627 &= 0.00027 0.5 0.23113 = 0.0007*
Agl‘f LEP 0.0188 0.0017 0.01627 &= 0.00027 1.5 0.23000 £ 0.0009*
Agl‘; LEP 0.0171 0.001 0.01627 &= 0.00027 0.8 0.23099 £ 0.00053
Agl'; LEP 0.0699 0.0036 0.07378 £ 0.00068 —1.1 0.23220 = 0.00081
Ag;;’ LEP 0.0992 0.0017 0.10324 £ 0.00088 —24  0.23221£0.00029
Ae SLD 0.1516 0.0021 0.1473 = 0.0012 2.0 0.23094 £ 0.00027*
Ay SLD 0.142 0.015 0.1473 = 0.0012 —-04  0.23216 = 0.002*
Aq SLD 0.136 0.015 0.1473 = 0.0012 —0.8 0.23259 £ 0.002*
Al SLD 0.1513 0.0021 0.1473 = 0.0012 1.9 0.23098 £ 0.00026
Ac SLD 0.67 0.027 0.66798 £ 0.00055 0.1 0.231 4+ 0.008*

Ap SLD 0.923 0.02 0.93462 = 0.00018 —0.6 0.25x=0.03*

https://doi.org/10.1016/].ppnp.2019.02.007
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Table 3.9

Overview of selected measurements at LEP, SLD, Tevatron and the LHC of the effective leptonic electroweak mixing
angle sin” 6. using different observables including a breakdown of different sources of uncertainties. Values which are
indicated with an asterisk have not been published and hence only estimated within this work.

sin’ 9éff Value Stat. unc. Syst. unc. PDF unc. Model unc. Total unc. Reference
DO 0.23095 0.00035 0.00007 0.00019 0.00008 0.00047 [223]
CDF 0.23221 0.00043 0.00003 0.00016 0.00006 0.00046 [224]
Tevatron (combined) 0.23148 0.00027 0.00005 0.00018 0.00006 0.00033 [225]
CMS 0.23101 0.00036 0.00018 0.00030 0.00016 0.00053 [226]
ATLAS (central) 0.23119 0.00031 0.00018 0.00033 0.00006 0.00049 [227]
ATLAS (forward) 0.23166 0.00029 0.00021 0.00022 0.00010 0.00043 [227]
ATLAS (combined) 0.23140 0.00021 0.00014 0.00024 0.00007 0.00036 [227]
LHCb 0.23142 0.00073 0.00052 0.00043* 0.00036* 0.00106 [228]
Afggd (LEP) 0.23240 0.00070 0.00100 - - 0.00120 [19]
A; (LEP) 0.23099 0.00042* 0.00032* —~ —~ 0.00053 [19]
A; +A. (LEP) 0.23159 0.00037* 0.00018* —~ —~ 0.00041 [19]
AEB (LEP) 0.23221 0.00023* 0.00017* —~ —~ 0.00029 [19]
A; (SLD) 0.23098 0.00024 0.00013 - - 0.00026 [19]

https://doi.org/10.1016/].ppnp.2019.02.007
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Polarized electron source

Beam polarization

Cathode voltage (pulsed)
Photocathode type

Laser type

Light wavelength

Laser power in a pulse

Pulse duration

Repetition rate

Maximum current from a gun
Operational current
Photocathode recesiation time

(depends on laser power)

80 %

-100 kV

Strained InGaAsP
— Sapphire
700 — 850 nm
200 W
2.1 us
1 Hz
150 mA
15 — 20 mA

190 — 560 hours

Preparation
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S — focusing solenoids Polarimeter
BM — bending magnets
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CM — beam current monitor
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