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1. Introduction

It is well-known that left-right asymmetry r = (do,. — dor)/(dop +dog), provides a very
clean probe of new physics. Currently, it has been measwyrédebSLAC E158 collaboration at
the 10% level [1]:

AR = 131+ 14(stat) + 10(syst ppb. 1.1)

But when the 12 GeV upgrade at JLAB is completed, a 1 ppb measnt will be possible. At
this precision, polarized Mgller scattering is sensitivanéw physics (NP) such as exZagauge
bosons ubiquitous in beyond the Standard Model (BSM) saesiand also the more exotic doubly
charged scalars at the several TeV range. This will compieitie LHC nicely, as it allows the
extraction of coupling information of the new states onagrtimasses are measured in the direct
searches.

Another area Mgller scattering can have an important imigaat probing the “dark” hidden
sector NP at the few GeV scale not accessible to high eneljgess. The existence of such a
low scale hidden sector is recently suggested by the resiutte PAMELA and FERMI satellite
obeservations in relation to dark matter [2], and Mgllerttecang can provide new insights for
further dark model building.

2. Effective Operators

A powerful way to study NP above the Fermi scale is that of tifectve operators, which
allows their effects to be parametrized systematically maglel-independent way. For polarized
Mgller scattering, the relevant effective Lagrangiat4is= Zsym+ -£5, with

CLL, — — CrR,—
~2% = —5 (LayLa) (Lo¥iLn) + —5 (Lay*La) (BRVuSR)+

R (eyen) (@) + ok (LayLo) (LoLa) e (2.1)

whereL = (v,e)[. ForA? > s>> ¢ valid for the 12 GeV experiment, one then has

AlR= AR + OALR = 4Gus _ yd-y) [(1'—sin2 6\F> + G — CrR ; (2.2)

V2ma 1+y*+(1-y)* |\ 4 4\/2G,N?
wherey = Q?/s, s = 2MgEpeam and CL =cCu +di. Here, dA R denotes the deviation df r
arising from NP from the SM prediction, and the one-loop SMiative corrections are encoded
in the precise value of sty evaluated in th&1S scheme. Note that the renormalization group
running effects betweeh (typically a few TeV) and,/s~ 0.1 GeV is about 10% at most. Thus to
first approximation, they can be neglected (see Ref. [3] forawletails).

We define here a useful variable
OALR L — CrRR
OR= —on = — (2.3)
TSN T V26, (1 4sif lS)N2

which will be used extensively below to study NP effects inamas BSM scenarios. As a bench-
mark for comparison, takin@? = 0.026 Ge\? andy = 0.6, APM = 1.47x 10~7, and one has
—0.337< 3 r < 0.122 at 95% CL from the E158 measurement. In the JLAB case gifa@msumes
a total 1o error of 1 ppb, one has a projected 95% CL lifditz| < 0.0136.
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3. New Physics Scenarios

The non-supersymmetric BSM scenarios examined here falltwo categories. In one, NP
arises at a high scale, which couples directly to the SM. TiHigdW coefficients parametrizing the
NP effects inA g are summarized in Table 1 for the high scale NP scenariosiagdmin the other,
NP can be of a low scale, and couplings to the SM happen ortydgir mixing interactions. This
is typical of models with a hidden sector.

Es GUT %(Cﬁﬁ-\/ %Sﬁ)z %(%Cﬁ— %Sﬁ)z 4L2aCﬁ(CB+ gSB)
U(LrxU (L)L 18 100 1365 - )
- 420} 4 B 4 R
U (1)B—L g/2 g/2 0
U (1)x 9%z 9°Z 9%ZF - Z)
P=* (RH) 0 —§|Yee|2 %|yee|2
P== (LH) —%|yee|2 0 _%|Yee|2

Table 1: Summary of Wilson coefficients, andcgrg for various generic high scale NP models
containing an extrd’ gauge boson, or doubly charged scal&rst.

3.1 Top-down U (1)x models

ExtraU (1) gauge factors commonly arise when a high scale symmetryoieehrdown to
produce the SM gauge group. This is exmeplifiedHgyGUT models, which has the symmetry
breaking patterfes — SQ(10) x U (1)y — SU(5) x U (1)x xU(1)y — SMx U (1)g, and the final
extra neutral gauge bosaoxk¥ (B) = Bﬁ sin + B§ cosf3, alinear combination of thgg andy gauge
bosons. Another example come from left-right symmetric B Riodels, which has the symmetry
breaking patterr8U(2). x SU(2)r x U (1)g_L — SU(2)L x U (1)y x U(1)'. The resultingd g in
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Figure 1: The ratiad r in (2) GUT models and (b) LRS models. The solid, dashed angdlot
lines denote\ = 1, 2, 4 TeV. The unlabelled horizontal lines denote the projedtedB limits.

the two scenarios are plotted in Fig. 1. One can see thatofgaiiseful contraints on TeV scale
NP depend very much on the higher precision of the future JeRBeriment.
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3.2 Bottom-up U(1)x Models

There are phenomenologically interesting models wherextraU (1) factors are not imme-
diately related to a broken down larger symmetry. The astiomjs that the SM is charged under
theU (1)x, which is known to be anomalous. Demanding that anomaliesetdhen fixes these
charges to beg = -2 /3,2, =22 /3~ 2, 24 = —42./3+ 2%, 2y = 2. — %, andzy = 2. — %,
wherez; (z4) denotes the fermion (Higgs) charge. In the special caseedhgl)y isU (1)g_(,
2 = Ze and SOA R = AEF“{'. The allowed parameter space is shown by the contour plétin
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Figure 2: Contours of constadt r for A = 1 TeV. The outer (inner) hyperbolas are the E158
(JLAB) limits. Other values of\ can be obtained via rescaling by a factor\ofTeV.

Fig. 2. One can see that JLAB will be able to restrict the adldywarameter space significantly.

3.3 Doubly Charged Scalars

The doubly charged scalars are motivated by the Type |l seesaitrino mass generation
mechanisms, and they can be eitl$#(2)_ doublets or singlets. Both type contribute to Mgller
scattering in the same way (only their masdds, and coupling to electrongee, matter) with
appropriate Wilson coefficients. But crucially, the signtleéir contribution is opposite, whose
measurement can thus differentiate between different lmadeloubly charged scalars.

3.4 Hidden Sector/Shadow Z' Models

In this class of models, the extti(1) is a gauge symmetry of a hidden sector, which commu-
nicate with the SM only through gauge kinetic mixing. The sequence is that not only are the
neutral current couplings modified by t@eZ’ mass mixing angle), they contain an extra piece
proportional to the fermion hypercharge due tolth@l) mixing [4]. In this scenario, the ext@
can be very light. In the case whe, < My, d r is dominated by the photad- interference:
AR~ (55 — 15.80ch 2 + 31.85¢, 5,5¢ ) (MZ/MZ,), wherec (s) denotes cosine (sine), asdharac-
terizes the gauge kinetic mixing. Rewritiisg in terms ofs, and M} [3], the allowed parameter

Iwe have introduced one sterile neutritNg, per family to give the neutrinos masses.
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space is shown by the contour plot@k in Fig. 3. Note that there is no allowed parameter space
for & r > 0, and so the sign af r can be used to tell whether ti# comes from a high or low
scale.

Figure 3: Contours of constadtr. Solid and dashed contours denote E158 and projected JLAB
lower limits.

4. Summary

High-precision polarized Mgller scattering experimenll Wwé a very useful complementary
probe of NP at the several TeV order. When operate in tandemtive LHC, it can provide a
clean determination of couplings of the new states disealat the LHC — e.g. extrd’ gauge
bosons or doubly charged scalars — to electrons, as welltasgouseful constraints on the mixing
parameters in various scenarios. By measuring the signzoft can also help determine the origin
of these new states.

On its own, high-precision Mgller scattering can probe loais hidden sector, which is inac-
cessible to high energy colliders like the LHC. It can meaghbe coupling of the hidden sector to
the SM through mixing, and constrain the degree of this ngixifhis will provide valuable inputs
to for further dark matter model building employing a hiddsctor.
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