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Q: How e-e- beams Push Physics?

p— . Parameters of Electron Beams!12!
HFIiTT — Higgs Factory in Tevatron Tunnel

II ) | / . Z sets, cryomoaules 1. se
Goal: 10,000 Higgs/year RF (1.3 GHz, 8 sets, 5 cry dules 1.25 GV /set) Beam Energy 80 GGV X2
& (B0Gev) CoM Energy 160 GeV
&H Fiber Laser
YY CO"iSiOn 0.351 pm, 5 J, 47.7 kHz)
(125 Gev) , Current 0.15 mA x2
= = ! e~ (80 GeV) . .
. == - Polarization 80 %
[ 0 ]
- . . .
= . Luminosity 3.2x10%* cm™2 5!
16 Tunnel Cross Section ) \ ;E)::(())OG:IV Run time 1 MO= 2 . 63 x 1 06 S-l
permanent magnet beam lines, U =4.53 GeV/turn
B =0.05~3.3kG)
3.048 m (10 ft) . =0.15 mA x 1
~ e — =045 mAx2 Accu Lumin 84 -1
RF in a month

Question:

Before electron beams interacting with lasers in the future yy
collider, how can we take advantage of primary electron beams
to test SM and explore new physics?
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Outline

1. sin?(0yy) in Moller Scattering

* Precise Measurement of sin’(0y,) 1.Z
* Probe Interaction with Dark Photon

[ Lo
. . . . Parity Violation
2. SM Boson Production in ee collision
* cross section of WZ and H production e \vi/
* Search heavy Higgs via W "W, - scattering s
- i
. 1%
° ° V
3. Majorana Neutrinos ,
WW scattering

4. Doubly Charged Boson

Majorana Neutrino Bilepton
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1. sin®(0y,) in Moller Scattering

Fundamental Parameters in SM

Symbol, equation Value Uncertainty (ppb)
c 299 792 458 m s} exact™®
h 6.626 070 040(81)x1073* J s 12
3)x10734 J s 12
L _:..2rN
Measurement pipmmessws ) at Z-pole (161 4(10)x10-22 mev s 6.1
c 0.0005. 2 Mo Y rewuse 1iu ueun 98)x 10719 C = 4.803 204 673(30)x 10~ 0esu 6.1,6.1
0.00026, 8 Mo fr2n 6.1
LEP'1 and SLD Z p0|e L o 23153 0 00016 1IN Gul mcuaulcments J mba‘rn 12
+

0 N LEP-1and SLD (m) = 80.36310.020 V/c? =9.109 383 56(11)x10~ 31 kg 6.2, 12

LEP-1 and SLD: A’y e 2 27 ’
0.2322t:0.00029 /e = 1.672 621 898(21)x10~ =" kg 6.2, 12
SLD: A, e )1) u = 1836.152 673 89(17) me  0.090, 0.095
. 0.23097+0.00026 / 02 6.2
Muplio I = 1.660 539 040(20)x10~2" kg 6.2, 12

. o . = 1. X .2,

0.2267:0.0032 | |CDF pp 9o’ —e—80.36510.047 ‘ ) g

2.2 x 10°
DO ee 10 it CDFee9fb” = = 80.3130.026 1.9 x 10°

CDF uu 9o

CDF ee9fb"
CDF Run Il Preliminary

CDF ee+uu 9 fo™
CDF Run Il Preliminary

T B

—=
0.23146+0.00047
[0.2315+0.0010
——
0.23248+0.00052

——
0.23222+0.00046
i B T I

CDF Run Il Preliminary

CDF ee+uu 9fb" e = 80.32740.023
CDF Run Il Preliminary

Direct Measurement

TeV and LEP-2 - 80.38510.015

| | | | | |

0.226 0.228 0.23 0.232 0.234 gy g80.1 80.2 80.3 80.4 80.5 80.6

T

10°ppb

sin? 6" W-boson mass (GeV/c?)
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1. sin®(0y,) in Moller Scattering

Q=112 GeV
Inl=0

[ ‘ ]

1-cos@
2

Q=Ecy

T

02472 | ByH. Davoudiasl, H-S. Lee, dnd W.J. Marciano ™l Tha @-@-
» T —DIS e
Qweak (first) v Machine

E158

APV(Cs) PVDIS
0.234
- d 2! { i
0.232 - APV(Ra") Moller
, P2 SOLID
' Qweak L
0.230;L - | | "AntAicipatied se.nsirtiviitie»:s” oMs S{%ATLAS ]
-3 -2 ~1 0 1 P 3

Log,, Q [GeV]

Coverage in the range from 7-112 GeV|[8]. Complements future lower energy
programs. Exellent to precise measurement of sin”(6y,) and observe the
running of sin?(0y,) in SM.
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1. sin®(0y,) in Moller Scattering

V-A structure of weak interaction gives rise to L-R parity violation in Moller
scattering. The EW Lagrangian is [

£ = eAupy"p — gZupy" (cv + Cavs )y
Aa aresult, helicity amplitude squared for certain polarized initial and final

state takes the following structure, where f = + c, 10
02| = 4e* x
o
IF RR AL (R — R
’—O-RR RR U2t2 +BFCRR /’-0//’ 0 / - AR—L
u- 2u- dl"'
A — RL 0 2 7_2 ,,_2 BTCR L J
RR—-LL LR 0 '[1—2 — %CHL 7—2 — —CRL 7
x
\GLL LL 0 0 0 % + %CLL

By measuring the L-R parity violation in Moller scattering, one can precisely
measure the electroweak mixing angle sin? (6, )L

A o dJR—dO'L o S GF ‘ szut
R-L " dop+do.  2r « ut 4+ 4+ st
Orr — 01 S Gp [ ]
App_11 = = 4sin? 6, —1
RR—LL ong + 01, \/_na' 2 ( )

] - (4sinfOw — 1)
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1. sin®(0y,) in Moller Scattering

INF AR AL R T
2 RR uztz + CRR 0 0 0
do = 2na X RL 0 e — 82“ i B&Cn/ 0
dcosf S LR 0 [ 62"‘ “—9 5 2? )
LL 0 0 0 Ry
| InI3.1,5 degree
ORR 6.20x106 b o
ORL 5.60.x106 fb =~ 5.90x10° fb
LR 5.60.x10¢ fb -
o1l 6.12x10° fb 5.86x10° fb
7
Opr +0p 1.23x107 fb 1.18x107 b
OR + (o}
# total evt : .
(L=84 fb! for RR LL) 1.03x10 0.99x10
TRR™OLL 8.0x10° fb 4x10°% fb
OR-0;
# Apy evt 6.7x106 3.4x106

(L=84 fb"! for RR,LL)
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1. sin®(0y,) in Moller Scattering

In|<3.1sqrt(s)=160GeV

10° ¢ ' ! - !
| mmm  CalcHEP| @02z _ 2ma” :( 16 16cpp
dcosd ~ s :lsin%0 +Bs 'sin“g o
108 { — Formula |- ==~ G T .
: ; do,, 2ma® ( 16 16¢;, ‘
7| - dcos® s Xf{sin40+ Ssin?e = 1.2x107 fb
10 A #=dcos+dXS+L [V -------------- -------------- g ) O-RR+LL o )

=0.01x(3.5%

=,
< 105fb) x(84 fb~1)= : : ;
3 (O0l® 03x106 S B RRRRTEE S R
3 i ; : : :
,g 105 ______________ ______________ ______________ 77 URR_LL=8-OX104 fb
e . ; oBd% = 6.4x10* fb
10 . deossop1 o A
Q =110GeV 90GeV 1 50 GeV5| 20 GeVI
103 | | | |
0.0 0.2 0.4 0.6 0.8
cosf

Using both polarized beam allows direct measurement of op_;; Which doubles the
# of asymmetric events, comparing with single polarized beam ( o — 07)

Considering polarization efficiency, a right hand beam has actually Q right-hand component,

polarization efficiency P=Q-(1-Q)=2Q-1. the observable asymmetric has a factor of P comparing
with perfect polarization

JIER—LL = (Q 2O'RR +2Q0(1—Q)og, + (1— Q)ZULL)'(QZULL +2Q(1—Q)og, + (1 — Q)ZURR) =Pogp_1L
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1. sin®(0y,) in Moller Scattering

ITI|<3-1,sqrt(s)=160GeV

| |
: __ORr _EO-LL .
: ARR—LL _O'RR-!-O'LL \/_T[a[ ](4Sln 9 —1}
107 b EERSEREEEEEEE S SRCATERAREE 1
— —— A100% ]
iy Ao B T RR-LL
\ . =y =
I _ 51_;
< A=0.06, ————=0.03 . .
-2 . . 0
107 proor e ; """"""" Pt Aﬁ?a/"a'“'
[Q = 110 GeV
[| = CalcHEP
— TheoW | legeer i socer| 20l
10—3 I | L1 | |
0.0 0.2 0.4 0.6 0.8
cosf

Estimate the uncertainty of A

Nrr—N —N

Twice larger oberserved Asymmetry: App LL——RR LL ~2Ap_ L_Z* -
NRr+NLL Nr+N

R L

Estimate the uncertamty of A:

) 94 \? _ _A4NrRNpL  _ 4,1
(64)"= (aNR ) Nrr* (azv ) N = (NRr+NLL)3 _ANRR‘NLL

A _ 1 1 1
A JNggr—N VA AV#
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1. sin®(0y,) in Moller Scattering

Stat-only 8sin?0yy

0.0008 , , __Inl<31 ! Sqrt(s)=1!606ev

0.0006 |- -850y =mrmret e X

0.0004 | — — ~i= = = =~ —
0.0002 Considering Polarization, with L = 84 fb™?! for both
LL-RRand [n|<3.1. At Z-pole the statistical
0.0000 uncertainty for mixing angle sin®8yy can be estimatec
—0.0002 ** Number of events # = dcos * dXS * L = 0.01X
_0.0004H — Tree-Level P=100% (3.5%10°fb)x(84 fb~1)=0.3x10° and left-right
—0.0006 B CalcHEP P=80% _______________ ________ SA 1 ORR+OLL
B CalcHEP P=100% g g g * s 0038
—0.0008 : i : ' ' in2 By —
\ 20 40 60 80 100 + Stat:8sin?0,y = 4‘““4& X SXA=0.0005
Y b [GeV] e If#=1.2x10%,8sin20y=0.00025
Small stat- F sr:::so ??;gg

uncertainty in g
low-Q due to -

10° =

high cross c
section

10% =

10
L
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1. sin®(0y,) in Moller Scattering

I -
0242 By H. Davoudiasl, H.-S. Lee, a

E158 ¢

APV(Cs)

0232 APV(Ra")

1.8-sigma discrepancy between
experiements and theory. Why?
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X!

Moller
P2

Qweak

hd W. J. Marciano '®]

PVDIS \

] Qweak (first)

SOLID

"Anticipated sensitivities"

-

The e-e-
Machine

Jie
_cms [ ¥ Alas

/

LEP Aps 0.23193(29)
SLACAg. 0.23070(26)
3-sigma deviates ?

Good Average
Ex 0.23125(15)
Th0.23124(12)

/I Constrain New physics

Log,, Q [GeV]




1. sin®(0y,) in Moller Scattering

A possible new physics fitting the constrain and fixing the 1.8-sigma discrepancy
is coupling between dark photon Z’ with fermion via kinematic and mass

mixing|[ 8] g my
int = (—eeJ. " — dé’JNC Ve
Lin = ( eedy 2cos by my )Za

Where constrain on kinematic mixing from Br(Z’=2>11) is |¢| < 0.04

And constrain on mass mixing is|é’| < 0.02 [8]
ByH Davoud/asl H-S. Lee, and W. J. Marc:ano[g]

0.242 ] 0.242 1
—DIS ] [ —DIS ]
0.240 ’ Myarkz = 15 GeV ] 0.240 Qweak (first) Maarc 7z = 25 GeV ]
—0.0010 < &6' < —0.0003 | —0.0016 < &6' < —0.0005
o 0.238 ed'| > 0.0008 (light color);  ~ 0.238 |&6'| > 0.0008 (light color) -
S i S i ’
& 0.236 - APV(CS) & 0.236 - APV(Cs)
B [ =
@ 0234+ @ (0.234
R i R i1
0.232+ APV(Ra") Moller 0.232+ APV(Ra") Moller
r Qweak 4 F Qweak
0230 "Anticipated sensitivities" BlLaE ~ 0230+ "Anticipated sensitivities" SLAC :
-3 2 a1 o 1 2 3 -3 -2 -1 o 1 2 3
Log,, Q [GeV] Log,, Q [GeV]
(a) (b)

Dark Blue -- constrain allowed region in Z’ model while 1-sigma region of experiments.
Black line -- SM prediction
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2. SM Boson Production and WW Scattering

What if particles other than e- are observed?
s SM production of Higgs boson in e-e- collider
o r : : :
§ o e . - The Higgs production with
oo eae | my=125GeV is about
% 10° - e e ZH 7 > 5 ¢ 02/2 fb at \/E = 160 GeV,
2 e « 9/2 fbatys =500 GeV
} ~0.1fb < @ * 1.4/2fbat+/s =500 GeV
" o 0.5 1.0 15 2.0 with cut pT,>15 GeV, |cosf,| < 0.966
Vs (TeVv)
10" _\e: -u vs = 0.5 TeV | 07 F ¢ e = 0.5 Tev E
g m\\\] g Ll " e e’ — e e bb |
I S 5 it W

/50
=

Total cross section
/
o
N
T
do/dm(bb)

10 -
3 \ o T E
By V Barger and etc [1[7] \H»LWLL\\
1072 L | 1 1 L L 107° 1 —L . =
75 100 125 150 175 200 0 100 200 300 400
m (GeV) m(bb) (GeV)

H
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2. SM Boson Production and WW Scattering

SM production of weak boson in e-e- collider

Single weak boson

By VBarger and etc [17]
e_e_ —_—

")
&
o ]
o ISR,FSR of weak
5 Y. Z boson grow with
5 CoM energy

e e

1 1 1
0.0 0.5 1.0 1.5 2.0
vs (Tev)

Heavy TeV

Higss

Enhance cross
section
ee>vwWWW

Enhance WW

scattering
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Total cross section

10°

A% A%
W H W
e (p)
(a)

Double weak boson

By VBarger and etc [17

100 GeV

- - -+ ~

e e WW

0.0

W=kp) W™(ky)

\Y w
e

e (py) e

v W- W™ v - W v
' W vZ Wl I w w '
e ~ e

(®) (©

This process are interesting!




2. SM Boson Production and WW Scattering

+* Study by V. Barger sh
Ao = axﬁfl eV _gsm,
= 2.7 fbat+s = 1.5TeV

= 4.5 fbat+/s = 2.0TeV

vvﬁjrﬁ'vvlvwvr'rfﬁt‘v'vvl'rﬁv

| By V Barger and etc [17] %* Kinematic Cut

- VE = 2 TeV prW>150GeV, |cosBw|<0.8

02 | K E E. > 50 GeV, |cosBe|<0.989
S AN ' 50GeV<p;VV<300 GeV

Ap;VV>400 GeV

+* Observe TeV level Higgs via
W-W- scattering. The mass
spectrum of two vector boson

\ VV will have an enhanced tail.

10-3 |

do/dM(VV) (fb/GeV)

Enhanced \, s
) \

tail \

10-4 D N TP B IR I VN
250 500 750 1000 1250 1500 1750

M(VV) (GeV)

+* This enhancement can be
better observed if Z
background can be separated
from W, which allows lower
CoM energy /s

| CMS Group | Northwestern University |



3. Majorana Neutrino =

Why neutrino have mass? Why left-handed only?

Massive self-conjugate Right-handed neutrinos do not talk to other SM particles
but only left handed partners . Adding them breaks L symmetry and generate mass.

L7 = —vrmprr — §gmM Vg + h.c

Mass eigenstates gives 3 lighter and 3 heavier Majorona neutrinos, (3

mp
MU - 5 MN - mM
mpy

Expressing the weak eigenstates in the charged current by the corresponding mass

eigenstates e-e- = W-W- or W-W- 2e-e- is governed by the interaction Lagrangian,
where the weak interaction coeff U,y = %
M

LWeV,WeN = \/15 (Z EP)/MLUTeVV + Z ePYHLUeNN) w#
v N
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3. Majorana Neutrino

u —u a) e b) //
d - >d 7 /u \/{%/ n . - 2 jets
| NAVAY ¢ ¥ N
W ‘ 2N /V{ /< o QA /{V/ e W 2ets
ovBp Two On-shell W Virtual W Two On-shell W to 4 jets

Radioactive Isotope

2 72 2
Cross section of LNV 0 « H;N ] o< [mﬁ B] , the larger M), is, the smaller cross section get
N

suppressed. Constrain on the two parameters mp, and m,, (or Uy and My) comes from [3]

% No left-handed Majorana term in theory: Y, M, U2, +Y, My U2y, = 0
< Charged current universality UZy < 0.004
¢ The non-observation of neutrinoless double beta decay, neutrino oscillation and
cosmological survey constrain effective majorana mass [
mgp = 2y, Uzy M, < eV
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3. Majorana Neutrino

by C. Greub and etc [3] N

L AL B LA B
by C. Greub and etc [3] - hadronic background .
Observable heavy — : VS = 0.5 TeV :
neutrinosin full E 1 ) _
theory? = L . -
0 Opportunity depends & i WW scattering |
= on result from Ovbb 2 L SM background
3 2vBp = <
(@) 2 i 7
= 05
} -
OvBp © L
| L signal |e w 2ets
i SR |
Total electron energy Qss o) PR I EU I B B XN
(o) 100 200 300 400 500 .
M,.q [GeV] e w 2jets
by C. Greub and etc [3]
1 T T T T I T T T T I T T T T
[ VS = 0.5 TeV. S/B >1. Nyg=! > 20 | % Search few TeV level my
08 p, (jets) > 25 Gev et ¢ Similar to neutrinoless double beta decay, in hadron
coel 1 channel one can search for a bump on tail of
el 400 GeV | .
o0 e e o Mass 4jets .
Soaf——" ¢ Signal can be observed with 500 GeV CoM energy,
i ] if My <2 TeV B!, But not sensitive enough for
0.2+ — .
Mpag > 450 GeV ] heavier mass scale.
I R R ** Note that the shape of WW scattering SM
gOO 1000 1500 2000 .
m, [GeV] background can be used to probe new physics too
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3. Majorana Neutrino

Stefano Dell’Oro, and etc [18]

1 INRRNN RN

T I
: 0.1/
0.1 - -
2 IH (Am?<0) 1 =
E 001_ | E
Q E =Y
3 B - F oo —
B NH (Am?>0) ] NH (Am?>0)
0.001 = E
10-4‘ | [ | [ N | | [ H‘ [ | 1 | | | |
104 0.001 0.01 0.1 p o001 0.1 0.2 0.5
Myightest [eV] Zcosm [eV]

Constrain on mgp from neutrino oscillation and cosmological survey. [18]
Assuming My;p ptest = 0.01 eV and taking the max of mgp = 0.01 eV, choosing
a mass scale for heavy neutrino My, one can calculate the cross section for LNV
weak process. In order to calculate cross section with effective lagrangian (0.1 eV

seasaw light neutrino but heavy neutrino 1s integrated out), one need to take mp ~
weak scale and my~10°TeV. This significantly suppresses NLV
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3. Majorana Neutrino

i \Y, :
1074 —=—= € W % BSM model assumption
L By Jeffrey Berryman—————— | L - . .
105} o — W _ = Effective theory, N is
" | e i W integrated over.
_8C 7 b .
i i v = mp~ M, The lightest
10-10F // neutrino mass is 0.1 eV
i A} i . .
ol P = The hierarchy is normal.
SRS o " W |_cpton Channel Best fit the oscillation
10714i / i
7 result.
_ 1079} | T e (W) * The PMNS and
é ----- e e > W Wv.v. (SM) . .
o 105l | S o) ANY) Majorana CP-violate
. JE phase are zero.
F | —— 3
10720 /’ ‘\ T - WW~ 5 (LNV) «* Around CoM = 160 GeV, two
— [ RRRaE on-shell W threshold, Muon
- channel is very clean.
10—24; — w’—_’\"
N\ /
107, — - P < SM: With luminosity of 84 fb-
- I, one gets #=8x 10 evet ~ 0
7 SM event.
10_3%0 100 150 200 250 300
Vs [GeV]
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4. Doubly Charged Boson

¢ In muon channel, SM predicts a relatively small background at
\/s=160 GeV. However Bilepton hypothesis predicts an observable
cross section for dimuon production e" e~ — u~ u~ .No missing
energy. Muons are both energetic. Dimuon mass =+/s.

¢ A boson with lepton number +2, exists in a few models.
* Vector like 3-3-1 model and SU(15) Grand Unification
Model. Lower limit on M(Y—) is >850 GeV [11]

* Scalar like extended Higgs model.
o T3=0:>438GeV ATLAS search for H++H-- production in 20.3 fb-1 of pp
collisions at Ecm = 8 TeV. [15]
o T3=+/-1: >551GeV
ATLAS search for H++H-- production in 20.3 fb-1 of pp collisions at Ecm = 8 TeV[15]
o The Lagrangianfor Yukawa Coupling

Ly = hR’ijl;'rRCO'QHle,R + hL’ileTLCO'QHLlj,L + h.c.

82

o The cross section is o = BeeBul' (s —m2__)

mg——

o Requiring Higher energy ee collider, TeV levet to produce resonance.
Depends on mass and mass width if off shell.
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4. Doubly Charged Boson

cross sec in fb ) < In 3-3-1 bilepton couples with leptons
: \ By PH. Frampton and etc! via the following Larangian 4]
103 : ! =, Ly =AY Te"Cy*Pie + AY, “ey*P.Ce’
102 i N \\ The cross section for e e~ — p~ ™
i TN S 4
; Sep——_ 200GeV ddae _ 3%(1 | cos26) LI
101 - > T ﬁ cos T (s — m5)? + miTs,
T L2UkEY where coupling strength model is A = %
10° | \\\ 10 0? and total cross section is
\\ o )\4 S
My in GeV 247 (s —m?)2 + m3T%

700 900 1100130015001700

s If my=1.7TeV, with luminosity=84 fb-!, one expects 84 fb-! x 0.3 fb =25 events.
s If my = 850 GeV, with luminosity=84 fb-!, one expects 84 tb-! x 5 fb =420 events.

% One can reduce background by cutting off dimuon mass somewhere below CoM
energy and only focus on the hard dimuon mass.
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Conclusion

>

o0

D)

o0

*

L (4

o0

e . vV ] o W
- w
N/ v XN
w g ; ;
e W € w
e \Y%
Parity Violation WW scattering Majorana Neutrino Bilepton

Parity Violation Moller scattering on electron-electron collider offers excellent
chance to test the running of sin®(8y) from 7 GeV < Q < 112 GeV. Precise
measuring the running of EW mixing angle to ~0.0002 offers good probe to 7’
interaction.

WW scattering Measuring the SM cross section for W,Z production in ee collider
offers a good test of standard model. In addition, WW scattering provide an access
to heavy Higgs. However ideal if higher energy 500 GeV.

Majorana Neutrino If My = my, < 2 TeV, there can be a chance to observe a signal of
Majorana neutrino. If mp ~ 100 GeV, we do not have sensitivity.

Bilepton: Even though 160 GeV ee machine does not produce a resonance of Y with
>850 GeV or H >551 GeV, good news is the enhancement of muon pair production
can be observable. Say 331 predicts 0.3 fb more cross sectionine e™ - u u~

Thanks to Jeffrey Berryman, Andre Gouvea, Wei-Yee Keung, Jianping Chen
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4. Selectron Pair production

¢ Electron and selectron are connected by Majorana
photino via interaction Lagrangian on the left.

O==0
OO0

yint: —\/i(éRte +'e'Lse )7+HC

¢ Selectron pair are produced on-shell via exchanging

Majorana photino. Depends on the mass of photino and
selectron. [1]

By W.Y. Keung and etc!]
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dole; eg —s,t,)/dt =dma’s ~H(ut —mi,*)(t —ﬁi,,z)_z ,

doleg el —s.t,)/dt =dma’s ~2(ut —im,*)u —mi,*) 7% .

dole; e[ —S,5,)/dt=doleg eg —t,t,)/dt =(1/2!)47Ta2s‘1fn"',,2[(t —ﬁ1',,2)_1+(u —r?i,,z)“l]2 .
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1.1 Ag; and sin?(0yy) in Moller Scattering

At SAPPHIRE

Q2

Q2

= oo * This machine at highest 1L
* A based on 106 event

. 8A.;~ 0.001
« Stat: dsinZ 6,, ~ 0.0002

104§

103§

102§

; * In addition to precise
PE Lol measurement of running
down to 10 GeV
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1. Ag; and sin?(0yy) in Moller Scattering

Vs =160GeV
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4. Selectron Pair production

o — 3
By W.Y. Keung and etc!l] ** Where 1R = 8.7%x10° fb at CoM
6 T T l . energy = 100 GeV
m7= . . .
1.4 - | +E»>5 GeV S~ < With kinematic cut on the left
_ gl #<I50° 06=1.5R = 13.05%x10° fb. 84 fb’!
@ 30°<8(e7)<150° . . .
5 1ok luminosity gives #event = oXL =
= o 1.1x10°
g 08 el Q:, \/ .
£ oe S ¢ Selectron decays into SM
~ electrons and the lightest SUSY
's 0.4 -
< particles. The energy, Imass and
02 Agof these signel electrons from
0.0 l 1 . . .
40.0 50.0 60.0 70.0 80.0 90.0 100.0 SeleCtI'OnS 1S dlStlnCt from
/3 (GeV) background Moller electron.
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Ssin?6,,=0.00022

P=100%

AtZ-pole the statistical uncertainty for mixing angle
sin?0yy can be estimated.

Number of events # = dcos * dXS * L = 0.01X
(2.4x105fb)x (84 fb~1)=0.2x10° and left-right

asymmetry A=0.14:
SA_ 1

= ———=0.013
. 6 in20,, = 20w 14 60022
S w = 4 \/#*A_ '

Number of events # =1x10°, and left-right

asymmetry A=0.14:
SA_ 1

\/:A_O 0057
. 2 4sin®Oy —1 _
6sm Oy = ” m—0.000lO

Number of events # =0.15%10°, and left-right
asymmetry A=0.14:

- SA= %moozs
. 2 _
+ 8sin?6y, = ST X =—=0.00027




ATLAS, e CC —0—— !
ATLAS eCF | —o  ATLASPreliminary
ATLAS, | —o—! |Ldt=48m @15=7TeV
ATLAS combined —— !
CMS o———i
g [
pp [
L A | e O
SLD, A o
e
s o . R
0.22 0.225 0.23 0.235 0.24 0.245
sin®6%)

CMS :
sin_, = 0.2287 = 0.0020 (stat) = 0.0025 (syst)

ATLAS :
sin?0_,; = 0.2297x 0.0004(stat) = 0.0009(syst)
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1. sin®(0y,) in Moller Scattering

NF RR RL (R L
RR | 55 + 8% can 0 0 0
do _ 27'[6(2)( RL 0 ?—;—5#091 %-5%091 0
dcos® s LR 0 £ _B8%cqy 4 3%cp 0
LL 0 0 0 S+ 8% ¢y

_ In|<3.1, 5 degree && pT>20 GeV

Opg + 0y
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# total evt
(L=84 fb for RRLL)
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# Apy evt
(L=84 fb"! for RR.LL)
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