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EW symmetry breaking: still a big puzzle |

* So many models:
» Fundamental Higgs: SUSY, Extra Dim., RS...
» Higgsless: Technicolor

» Composite Higgs: Georgi-Kaplan model, Little Higgs, Gauge-Higgs
Unification

Hungary for Experimental Data!
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To ping down the EW symmetry breaking

» Direct search at high energy collider

» SM Higgs; » SUSY particles; > KK modes; > other exotics;

Major motivation for LHC!

* Indirect searchs via precision electroweak

» Play important role in the establishment of SM;

> Vital role in the establishment of the next model;

What can EIC do on this?
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The hunt for sin®é,

* Prediction within SM

A

sin“ &, (M) = V2G MZ[1-Ar(M,)]

» Z-pole measurements:

SLAC: sin” 4, (M,)-. = 0.23070(26)

CERN: sin? g, (M) =0.23193(29) } - adgma differencl |
World Average: sin’ 8, (M, )_. =0.23125(16) -



The implications of sin®4,

* World average: sin® @4, (M,)_. =0.23125(16)

| My, =853 GeV; |[S =-0.13(10))
/

Consistent with Suggestive for
LEP bound SUSY
(MH>114 GeV) (MH<135 GeV)

Rule out most
technicolor models
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The implications of sin®4,

+ SLAC result:  sin?@, (M,).. =0.23070(26) * my=80.398(25) GeV

(M, =305 GeV; |[S ~-0.12|

Ruled out by
LEP bound
(MH>114 GeV)

+ CERN result:  sin®4,(M,)- =0.2319329) *+M,=80.398(25) GeV

Suggestive for

SUSY

| My, =450 550 GeV; |[S ~0.45 |

Consistent with
LEP bound
(MH>114 GeV)

Suggestive for
technicolor models




Past and currently planed experiments:
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Weak mixing at EIC

» The good:
> Both beam polarized;

e ——>> <> p.D,He e —< > <«C>—p,D,He
e'—E:>> <-<:Z|—p,D,3He e'—<:3-> <-<:Zl—p,D,3He

> High energy:

higher asymmetry, wide coverage of Q.

* The bad:

> Low luminosity (10**** cm™®sec) compared to fixed
target experiments ;

* The ugly:
» Large uncertainty (5%) with the hadron beam polarization;

> Large uncertainty with the polarized PDFs;



EEEE——————————————-,
Weak mixing at EIC

* What are the good asymmetries?

* How to control the systematic error?

* What is the statistical error with reasonable luminosity?
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Single-spin asy. with polarized electron

 For ep-DIS:

(e _ d0(P, P =0)— do(~P., B, =0) A
P do(Pe, P, =0)+do(—F., P, =0)

Nifi(x) [(dogg — doyr) + (dogy, — dotg)]

N " Sifi(e) [(dotyg + dotp) 4 (doty, + daf}R)]/
- Simplified for ed-DIS:
(oo, = P Pi=0) —do(-P Ps=0)
ed|r>0.2 = dG (Pe,P — 0) + da—(_Pe’Pd = O)
_p i [(dogp — dotp) + (dogy, — dot )]
L Y [(dogp + dogr) + (dogy +dotg)] )
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Single-spin asy. with polarized hadron

 For ep-DIS:

4P — da( 0,FP,) —do(P. =0,—F,)
o 0

> T d5(P. = 0,—P,)
QE JRR dULL) — (dJZRL — da}:R)]

O'RR + daLL) (daiRL + daiR)]

- For ed-DIS:
A 0 = d?(Pe =0,P;) —do(P. =0,—Py)
¢ do(P. =0,F;) +do(P. =0,—Fy)
fop %; [(dokp — dotp) — (dURL — dUiR)]
% [(do'yp + dot 1) + (doy; + dot p)]

Large uncertainty with hadron polarization and polarized PDF
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Effective polarization:
the trick learned from Moller scattering

- Take advantage of effective polarization:

_ Pe -+ ];(w)Pd
1+ f(z)P.Py

eff.

pe = 0.8(1 £ 0.5%), pa = 0.7(1 £ 5%), f° = 0.5(1 + 5%)
FPpa = 0.35(1 + 7%)
Peff. = 0.9(1 T 0.64%)
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Double-spin asymmetry

» Double-spin asymmetry:

Aep,ed da—(Pea Pp,d) — da—(_Pey _Pp,d)
ped = 45(Py, Pyg) + do(—Po, —Pp4)

Yifi(z) {(Pe + fi() Ppa)(dotyp — dot ) + (Pe — fi(m) Py a)(doy, — daf}R)}
Yifi(z) {(1 + Jgi(fv)PePp,d)(dU%R + dUEL) +(1- Ji(fv)PePp,dXdaj%L + daj:R)}

- Simplified for e-d at kinematic region with y->1:

Aeﬁﬂ —12>0.2 ~ Peff EZ(dJ}zR — dazL)
ealy—1, . Ez(dU%R‘FdU%L)
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Good asymmetries

- e-p collider:

A° (2) = p Sifi(x) [(dokg — doy) + (doky — dopg)]
w “Sifi(z) [(dokg + dotp) + (doky + dog)]

» e-d collider:

2 [(dU%R — d(’j:L) + (dU%L — de;R)]
2 [(dJZRR +dot;) + (dJZRL + d(’};R)]

Agd(x) — De

ed ~
Asdly—12502 ~ Peg.
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Monte Carlo simulation: asymmetries

- single-spin asymmetry in ed-DIS:

ed-DIS, Vs =140 GeV, P, =0.8, x>0.2
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Monte Carlo simulation: Figure of merit

- Figure of merit for ed-DIS:

ed-DIS, Vs =140 GeV, P, =0.8, x>0.2, L =200 fb!
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Monte Carlo simulation: statistical error

» Statistical error for ed-DIS:

ed -DIS, Vs =140 GeV, P, =08, x>0.2, L=200 i
L L L L T T
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Past, currently planed, and EIC experiments:

* Weak mixing probed at wide range of Q at EIC:
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Summary

* Precision tests are very important probe of BSM
complementary to LHC.

* It is highly desirable to have another experiment on weak
mixing angle given the 3 sigma difference in two Z-pole
experiments.

» EIC has good chance to measure sin“6, over a wide range
of Q with statistical error similar to Z-pole experiments.

Jhank you !!!



