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See talk by Joe Grames at https://indico.jlab.org/event/819/ from the March 2024 PWG Workshop.
There were also many talks on future experiments and related theory calculations.
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The Developing Physics Program with Positron Beams

Hadronic Physics

e Deeply Virtual Compton Scattering: Large, and therefore easily measureable, interference effects are predicted for
e+-+ N =2 e+- + N + y which will be invaluable for constraining Generalized Parton Distributions (GPDs).

e 2-photon exchange: A wide range of unpolarized and polarized precision measurements of several % effects from
the interference of 1- and 2-photon exchange will challenge theory to make electron scattering an even more precise

tool for studies of EM form factors, charge radii, Pardon Distribution Functions, etc.

Beyond the Standard Model

The ability of positrons to annihilate with electrons opens the door for the production of new particles

* Dark photon search: A sensitive search in e+ + e- 2 y (A’) using the missing mass technique.



The Developing Physics Program with Positron Beams

Hadronic Physics

e Deeply Virtual Compton Scattering: Large, and therefore easily measureable, interference effects are predicted for
e+-+ N =2 e+- + N + y which will be invaluable for constraining Generalized Parton Distributions (GPDs).

e 2-photon exchange: A wide range of unpolarized and polarized precision measurements of several % effects from
the interference of 1- and 2-photon exchange will challenge theory to make electron scattering an even more precise

tool for studies of EM form factors, charge radii, Pardon Distribution Functions, etc.

Beyond the Standard Model

The ability of positrons to annihilate with electrons opens the door for the production of new particles

* Dark photon search: A sensitive search in e+ + e- 2 y (A’) using the missing mass technique.

But | think there are also several exciting opportunities for Bhabha scattering, e+ + e- 2> e+ + e-.
JIab’s high luminosity, plus its expertise in spin manipulation, suggest to me that measurements of
unprecedented precision will be possible in a mass region which has been relatively unexplored by
e+e- colliders.



Bhabha Scattering: ete” 2 e'*e

Bhabha scattering is a purely leptonic reaction with very
different behavior than Moller scattering.

The e+ and e- are of course not identical, and there is
an s-channel annihilation diagram.

In the Standard Model (SM), the exchanged bosonisay
and a Z°.

Going Beyond the SM (BSM), considering neutral
bosons only, there is also potentially an A’ or Z'.

Research Gate uploaded by Kort Beck
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A’ search in Bhabha Scattering



Excluded A’ Phase Space (visible decays)

8 |
The mixing between the photon and
dark photon is parameterized as €. 02
The coupling of the dark photon to the
electron is e*e.
10+

There is a region of phase space,

relevant to the Jlab positron program,

which has proven resistant in visible 10°°
searches (and to a much lesser extent

for invisible decays).

A’ model

1 1 lllllll L 1 lllllll L 1 lllllll 1 1 Ll 1 1 3~

The phase space in the red dashed box ) -

: : 10 10 | 10
seems potentially excludable in a Jlab my [GeV]
positron program, at least with
amplitude-based searches | describe.

Figure 4. Constraints on visible A’ decays considered in this study from (red) electron beam
dumps, (cyan) proton beam dumps, (green) ete colliders, (blue) pp collisions, (magenta) meson
decays, and (yellow) electron on fixed target experiments. The constraint derived from (g — 2), is

sh i y (90, 911. i
Al gy (el arXiv:1801.04847v2 [hep-ph] 9 Jul 2018



A’ Signal Proportionality in terms of e and €:
examples using dark Bremsstrahlung
For incoherent production and decay:
* Yield for A’ production ~ |Z F(q) e3¢ |?

* Yield for A’ decay ~ BRy 5., |€€|2
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A’ Signal Proportionality in terms of e and €:
examples using dark Bremsstrahlung

For incoherent production and decay:

* Yield for A’ production ~ |Z F(q) e3¢ |?

* Yield for A’ decay ~ BR,y 5., |€€]|?

Visible decay scenario: the net yield for detecting A’ = e+e-is
~ BRy 3 eie. 22 F?(q) ate?

(note upper limits on € improve glacially slowly with increasing FOM,
1/FOMY8 | A detached vertex search allows a huge improvement.)
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A’ Signal Proportionality in terms of e and €:
examples using dark Bremsstrahlung
For incoherent production and decay:
* Yield for A’ production ~ |Z F(q) e3¢ |?

* Yield for A’ decay ~ BR,y 5., |€€]|?

pepd Visible decay scenario: the net yield for detecting A’ = e+e-is
~ BRy 3 eie. 22 F?(q) ate?

(note upper limits on € improve glacially slowly with increasing FOM,
1/FOMY8 | A detached vertex search allows a huge improvement.)

All decays scenario: signal yield for indirectly detecting an A’ by MM 2
ine+p—>e+p(X)
~F2(q) o3 &2

(upper limits on € improve less slowly, 1/FOM?/4)
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A’ Signal Proportionality in terms of e and €:
examples using dark Bremsstrahlung

For incoherent production and decay:

* Yield for A’ production ~ |Z F(q) e3¢ |?

* Yield for A’ decay ~ BR,y 5., |€€]|?

Visible decay scenario: the net yield for detecting A’ = e+e-is
~ BRy 3 eie. 22 F?(q) ate?

(note upper limits on € improve glacially slowly with increasing FOM,
a\ 1/FOMY8 | A detached vertex search allows a huge improvement.)

£e e All decays scenario: signal yield for indirectly detecting an A’ by MM 2
ine+p—=2>e+p(X)

(upper limits on € improve less slowly, 1/FOM?/4)

Because a and € are small numbers, one would like to design an experiment with small exponents and low backgrounds.

13



Alternate Strategy if a Positron Beam is Available

Assume the total amplitude is the sum of a large SM and small BSM amplitude: A, . = Agy + A

The yield is hand-wavingly proportional to Amt2 = (AEM + Asmau) 2

= Acp® + 2Ae A man T A’

smal small

Instead of looking for real dark photons as a bump proportional to Azsma” , can we search sensitively for resonant
signatures of virtual A’ exchange in the interference term, with relative magnitude
2Ac,A

A = 2A Ay

small / small /

The answer is, “Yes!”
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A’ Signal Proportionality in terms of e and €:
assuming a positron beam and virtual A" exchange

All decays scenario: the amplitude of the interference term for a virtual A’
ine++e-2>e++e-is

i ~a g?
This is not the whole story, but it’s extremely promising.
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A’ Signal Proportionality in terms of e and €:
assuming a positron beam and virtual A" exchange

£Ee

(B‘H

All decays scenario: the amplitude of the interference term for a virtual A’
ine++e-2>e++e-is

~a g?
This is not the whole story, but it’s extremely promising.

If one allows for Initial State Radiation (which may be the only practical way
to cover a large mass range without 100 separate beam energies) this
becomes

which is still very promising.

Total disclosure: the experimental FOM for an A’ search in a bump hunt goes
like the Signal/sqrt(Background), so experimental resolution also matters a
lot, while backgrounds matter to a lesser extent.
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Suite of Observables in Bhabha Scattering

| used H.A. Olsen and P. Osland, “Polarized Bhabha and Moller scattering in left-right-asymmetric theories”,
PRD 25, 2895-2910 (1982). This paper includes y and Z contributions, as well as a Z". The latter | extended to an
A’ by giving it purely vector couplings and a mass in range accessible to Jlab.

But it does not include radiation which will be important for designing realistic experiments.

Egn (1) of Olsen and Osland gives the xsect and asymmetries for all the standard combinations of e+ or e-
longitudinal or transverse polarization.

Simplifying and dumbing down the notation a bit:
o(6,9) =o0,{1+A P Perapparay A (P_Para - p para) 4 p perpp perp[ A _cos(2¢) + ATT'sin(Zd)) ]}

If | drop the predominantly PV terms, it looks just like the Moller polarimetry equations:

o(6,9) =o0,{1+ A P Parap paray p perpp pep A __cos(2d) }

Let’s look at the o,term on the next slide.
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Bhabha vs Moller Comparison: Xsect/Xsectqgp Up to E., = 140 GeV/c?

Bhabha B/q.. B
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Yields: Purely Vector Coupling, € = 1E-4, M, = 57.5 MeV/c?

Xsect at 3600 MeV
(300 MeV off resonance)

®sect

®sectin SM

1E-25
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1E-26

'_I
m
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1E-28
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1E-30
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On this plotting scale, the A’ effects are invisibly small.

Note the flattening of the Bhabha xsect at backward angles,
where t-channel photon exchange no longer dominates.
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Yields: Purely Vector Coupling, € = 1E-4, M, = 57.5 MeV/c?

xsect (cm2)

Xsect at 3600 MeV
(300 MeV off resonance)
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On this plotting scale, the A’ effects are invisibly small.

Note the flattening of the Bhabha xsect at backward angles,
where t-channel photon exchange no longer dominates.
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Taking the difference wrt the SM, off-resonance
effects are tiny, comparable to Z0 exchange.

As naively expected, A’ effects are largest at backward angles.
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Yield Signal (€ = 1E-4, M, = 57.5 MeV/c?)

Relative Variation vs sqrt(s)
in ppm at 150deg CM

Having established that

A’ effects are less diluted
at large 6,,, now scanning 5
sgrt(s) at 150deg CM:

e WL S

|
Nlﬂ
|
|
|
4 : This is potentially measureable
3 | (about 0.5 ppm in the wings).
|
|
y) : Naively, the beam energy would
= : have to be within ~50 MeV of
a 1 | resonance to see a deviation
c : from the SM.
o 0 |
= 52 62
'% -1 In practice, if the beam energy is
= above the resonance, Initial State
-2 Radiation (ISR) will allow probing a
3 broader range of lower Ecm.
4
-5

sqri(s) (MeV/c2)
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light Z" search via the PV asymmetry



Anigr=8,=1 e=1E-4, M, =57.5 MeV/c?

A_LU vs ThetaCM in ppb at 3600 MeV
(several hundred MeV off resonance)

- = = 5N SMHA'

25
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(ppb)

A LU
Ln

0 30 60 90 .- '—12[! 150 180

-10
Theta CM (deg)

The tree-level SM A,,, in Bhabha is very small.
Even several hundred MeV in beam energy
off resonance, the effect on A, is dramatic.

Of course, one would need a year or so to achieve 10 ppb sensitivity.
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Anigr=8,=1 e=1E-4, M, =57.5 MeV/c?

A_LU vs ThetaCM in ppb at 3600 MeV
(several hundred MeV off resonance)
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The tree-level SM A,,, in Bhabha is very small.
Even several hundred MeV in beam energy
off resonance, the effect on A, is dramatic.

Of course, one would need a year or so to achieve 10 ppb sensitivity.

A_LU (ppb) vs sgrt(s)
at 65deg CM

- = = SM

SM+A
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]
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Near resonance, the asymmetry approaches O(1) ppm.
This is 100x the SM value, and
requires 1/10,000 less time to observe.

Best guess is 6-12 beam energies will be needed.



QED Predictions for the Beam Normal SSA



BNSSA in Bhabha Scattering

This observable is not available in the Olsen and Osland paper. It is small at high energy.

| use Fronsdal and Jaksic, Phys. Rev. 121, 916-919 (1961). “ %
To 4t order in the EM coupling constant, e, their calculation should be valid from
sqrt(s) = up to 2*m, threshold.

| do not yet have a formalism that includes an A’, so | will only show the QED (a)
prediction.

The BNSSA is the interference between 1-photon and the imaginary
part of 2-photon exchange amplitudes:

P=2itr{M,” cesIm M,}/tr{M,"M,} (e)

(e)

(b)




Asymmetry (ppm)

Bhabha Compared to Moeller — Angular Distributions

Non-relativistic in CM

BNSSA in ppm vs ThetaCM
for Beam E=1 MeV

Bhabha = = = Moller

1,500

1,000

500

-500

-1,000

-1,500
Theta CM (deg)

27



Asymmetry (ppm)
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Asymmetry (ppm)
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Relativistic in CM

BNSSA in ppm vs ThetaCM

for Beam E= 10 MeV

Bhabha = = = Moller
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Between the non-relativistic and relativistic regimes, there’s dramatic evolution of the shape of the Bhabha angular
distribution. In Moller scattering, evolution of the shape of the angular distribution is more subtle.
In Bhabha, the magnitude near 8,, ~ 122 degrees evolves from nearly a maximum to a stable zero crossing.
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What Might a Dark Matter Contribution
to the BNSSA in Bhabha Look Like?

Although the diagram below doesn’t look 2 photon-ish at all, | believe it would satisfy the cut rules and contribute an
Imaginary amplitude ... but only when the measurement is above the threshold for producing an on-shell A’.

(There may be no equivalent
e+e- 2 y* = e+e- contribution

(Higher order diagrams, such as a box
2/ diagram or loop with both A’ and photon

4+
e
because the y* is off shell.) t/e\ _f\_ £e exchange, would be suppressed by an
/ additional factor of a.
/-

These would be the major contributors

e,; to the BNSSA in Moeller scattering.)

This seems worth a closer look, because a measurement at sqrt(s) could seemingly constrain the existence an A’ atall
A’ masses < sqrt(s).
Potentially has broad mass sensitivity! 20



Sqrt(s) = 78 MeV/c2

Asymmetry (ppm)
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BNSSA vs 6_, at Ebeam =6 GeV

A higher beam energy will reach higher sqrt(s), but the asymmetry and the cross section will be smaller.

a0

Bhabha

90

Theta CM (deg)

BNSSA in ppm vs ThetaCM
for Beam E = 6000 MeV

1z

150

The asymmetry is not small by the standards
of the Jlab parity program.

Calculations including an A" are needed.
The location of the zero crossing could in

principle be sensitive to the imaginary part of
an additional, small BSM amplitude.
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summary

* A positron beam facility at Jlab would enable a detailed study of Bhabha scattering in the relatively unexplored mass range of 10
to 100 MeV/c2 .

* Targets consisting of atomic electrons will permit practical e+e- luminosities of 10735 to 10"36.
* Cross sections are large by Jlab standards due to a 1/s kinematic factor, the small value of s, and the lack of a form factor.

* The resulting high count rates, combined with Jlab’s expertise in spin manipulation, would enable measurements of Bhabha
observables with unprecedented precision.

* A dataset with multiple beam energie for e* + e 2 e* + e (y) would allow us to sensitively search for an A’ or Z’ by looking for
the near-resonance signature of interference with the photon.

* The Beam Normal SSA may have some sensitivity to all lighter BSM physics e.g., by shifting the zero crossing. The calculations
here were purely QED. New calculations are needed which include the leading order A’ contribution.

What I'll explore next:

* The above dataset would also probe the fine structure constant a(s,t) at momentum transfer scales between that of the
hydrogen atom and muon g-2, thus testing our understanding of the vacuum.

* There are mildly exotic azimuthal asymmetries due to longitudinally polarized e+ beam scattering from a transversely polarized
e- target. In a purely leptonic process, these are a way to search for BSM couplings which are neither Vector nor Axial.
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A’ Signal Proportionality in terms of e and €:
assuming a positron beam and missing mass technique

All decays scenario: the yield for producing an A’ ine++e- 2 y (A') is
which has a promising sensitivity. This technique must be pursued.

But in addition to manageable backgrounds from

e+ +e- 2 yy* 2y (e+e-)

e++e-2>vy(1y,etc)

there may be important sources of photons from the incoming
or outgoing positron beamline.
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Injecting e” to CEBAF 12 GeV Once e* source s ready, civ

construction connects the LERF by a

_ _ new tunnel to CEBAF. The transport
CEBAF Polarized 123 MeV Positrons North Linac

— Elestron Injector _ Injected to North Linac New Beamline line will maintain the e* polarization in
@ o l to CEBAF = — - plane
L= A \ Tungg! | L '
& S : - e e e T LSS
; S : Q ﬁ East
. Arcs

South Linac

RO~
LBV 0
ue

NENBERIELEY= 257
r L

e\

BN ELE =857

HEMU\‘EELE'IMQZS-“C %m
e* transported in new
beamline and injectedto | = .
CEBAF for 12 GeV, with From talk by Joe Grames
magnet polarities o
reversed (an LDRD is exploring the transport of

large emittance beams at CEBAF)
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Design two new injectors (e-and e*) >sow anignvorase o

photogun generates milliAmp e beam
Two challenging injectors have to be built with polarization ~90%

« >1 mA polarized e- injector >150 MeV
« >100 kW target & cw-collection beam line

Wien
SRF SRF SRF Filter
Spectrometer (60 MV) (60 MV) (10 MV)
Return husaah P /
Leg /_ P Polarized
Electron
Source
] m = = O
/“% T 2, N, 20,
N Al = N
r 4 AV [
HH“HHH ‘[ \ I ’\ . ‘\ 7 = T Ce*BAF Parameter Status
) po [MeV/c] 60
Pngh Capture ~ Matching Momen_tum SRF c Bunch Spin Rotator 123 MeV T5p/py [T0] 0.68
Tower Linac Section  Selection (90 MV) ompressor Positron Beam oz [ps] 3
arget' Normalized €, [mm mrad] 140
* Solenoid | pr [MeVic] 123
1T/ e I+(P > 60%) [nA] 170
— tise 120 kW e  beam 3 L ,‘ L WE
| irradiates water cooled 15 \ of [
spinning tungsten el | — e E |
a target, g | —-_'1 ) From talk by Joe Grames
i Eht — . TR USSR LN po S .
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List of Measurements

Longitudinal beam polarization and unpolarized atomic e- target
6-12 beam energies, mainly searching for a bi-polar signal over the mass range 10 — 100 MeV/c2

e A’searchin Yield vs sqrt(s)
* Z'searchin A, vs sqrt(s)

not discussed: the same dataset above can be used to address the running of a(s,t)

Transverse beam polarization and unpolarized atomic e- target
1-2 of the above beam energies, with particular focus on the zero crossing near 6.,,~ 120deg

* BNSSA vs B,

Longitudinal beam polarization and transversely polarized e- target

not discussed: no calculations yet or even a concept for a run plan
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Purely Vector vs Purely Axial-Vector Couplings

There is some literature on BSM particles
which have significant axial-vector couplings.
It’s easy to explore that in this formalism.

PREPARED FOR SURBMISSION TO JITEP
FERMILAB-PUB-16-385-PPD, UCI-HEP-TR-2016-15, MITP /16-098, PUPT 2507

Light Weakly Coupled Axial Forces: Models, Constraints,
and Projections

Yonatan Kahn,” Gordan Krni:lic,"’ Siddharth Mishra-Sharma,” and Tim M.P. Tait®
“ Princelon Universily,

Princeton, NJ USA
b Fermi National Accelerator Laboratory,

Balawia, 1L USA
* University of California, Irvine,

Frine, CA USA

F-mail: ykahn@princeton.edu, krnjaicg@fnal . gov, smsharma@princeton. edu,
ttait@uci.eda

ABSTRACT:
with nonzero axial-vector conplings to Standard Model fermions. While the purely vector-coupled

We investigate the landscape of constraints on MeV-GeV scale, hidden 17(1) forees

dark photon, which may arise from kinetic mixing, is a wellmotivated scenario, several MeV-scale
anomalies motivate a theory with axial couplings which can be UV-completed consistent with Stan

dard Model gange invariance. Moreover, existing constraints on dark photons depend on products
of various combinations of axial and vector couplings, making it difficult to isolate the effects of
axial couplings for particular Aavors of SM fermions. We present a representative renormalizable,
UV-complete model of & dark photon with adjustable axial and vector couplings, discuss its general
features, and show how some UV constraints may be relaxed in a model with nonrenormalizable
Yukawa couplings at the expense of fine-tuning.  We survey the existing parameter space and
the projected reach of planned experiments, briefly commenting on the relevance of the allowed
parameter space to low-cnergy anomalics in 7” and 5Be® decay.
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coupling yields the mirror
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In the purely vector or purely axial-vector scenario,
terms proportional to g _v*g_avanish, leaving a
g vA2 —g a2 term which switches sign.
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Yield Sighal Dependence on €
(Purely Vector Coupling, M, =57.5 MeV/c2, Width = 57.5 keV)

e =1E-5 € =1E-4 € =1e-3
Relative Variation vs sqrt(s) Relative Variation vs sqrt(s) Relative Variation vs sqrt(s)
in ppm at 150deg CM in ppm at 150deg CM in ppm at 150deg CM
wrt sqri(s) = 20 MeV/c2 wrt sqri(s) = 20 MeV/c2 wrt sqrt(s) = 20 MeV/c2
0.04 5 500
002 4 400
3 300
0.00
= 52 57 uz = 2 = 200 .
5 -0.02 5 1 5 100
§ -0.04 g 0 g 0
% o % =z 62 % 100 2 62
> = 5 ‘ = 200
-0.08
3 -300
-0.10 4 400
-0.12 5 -500
sqrt(s) (MeV/c2) sqri(s) (Mev/c2) sqrt(s) (MeV/c2)

Signal amplitudes scale like €2, so € = 1E-5 is almost impossible, € = 1E-4 is challenging, and € = 1E-3 would be easy.

(For the € = 1E-5 case, the noticeable slope is from Z0 exchange, which is highly suppressed at this CM angle as well
as by 1-4sin%6,, Hand-wavingly, | think it’s fair to say that the A’ signal at € = 1E-4 is weak interaction scale.



E.., in Bhabha Scattering in Jlab Fixed Target Kinematics

At a 12 GeV CEBAF, the CM energy range will be ~20-105 MeV/c?.

sqrt(s) vs E_beam
120

E.., =sqrt(s) = sqrt(2m 2 + 2E . *m,)

~ sqrt(Epeam) 100

Notes: 80
3
: S

* due to the sqgrt factor above, it takes a roughly 100 MeV change =~ &
in E, .., to produce a 1 MeV changein E_.. E

(Hold that thought for later!) 40

* since the differential xsect contains a factor of 1/s, and s is small,

the xsect is large by Jlab standards, O(1)-O(100) muB/sr at 90deg
CM.

20

0 2000 4000 6000 8000 10000 12000
E_beam (MeV)
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The Glitch in the Matrix: Why is This Not a Bump Hunt?

M, =57.5 MeV/c2, Width = 57.5 keV

do? 1+f(0g? | 1 2 |?
_‘i-_"-:-‘i? lm‘*tefﬁ 1+f(slgf-———s;";;ig; + 1+j'{s}ggz——;{[[;g; ] Xsect ~ |1 +f(s) ggg, |
+28in%(6/2) | 14} (s)grey || 2412/5in%6/2)11 +f (Dgrgr I } , ~|1 + Ref(s) ggg, + i*Imf(s) g8, |
~ 1 + 2Ref(s) grg, + [Ref(s)? + Imf(s)?] (gr8.)>
Real Part  f(s) for M_A' = 57.5 Mev/c2 Imag. Part fls) for M_a' = 57.5 Mev/c2

———Real part of f(s) —— Imaginary part of f{s)

- o ~ 1 + 2Ref(s) ggg, + H.O.T.

250 0
53 55 57 \ /‘ 59 61 63

200 -100

-200

proportional to €2 proportional to €*

100 -300

50 -400

[} [}

o ©

g, 2 w So at small, relevant values of ¢,

E 53 55 7 59 6l 63 E | . .

< < the signal in Bhabha scattering
will have the shape of Ref(s).
o sqrt(s) (MeV/c2) o sqrt(s) (MeV/c2)
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Evolution into a Bump with Increasing €: idiot check
(Purely Vector Coupling, M, =57.5 MeV/c2, Width = 57.5 keV)

€ =1e-3

Variation (ppm)

500

400

300

200

100

-100

-200

-300

-400

-500

Relative Variation vs sqrt(s)

in ppm at 150deg CM

wrt SM

SRR

52

| A

sqrt(s) (MeV/c2)

€=0.03

Variation (ppm)

Relative Variation vs sqgrt(s)
in ppm at 150deg CM

600000
500000
400000
300000
200000

100000

-100000
-200000
-300000

-400000

wrt SM

52

\5\

sqrt(s) (MeV/c2)

Sa=s

62

€=0.1

Variation (ppm)

Relative Variation vs sqrt(s)
in ppm at 150deg CM

20000000

15000000

10000000

5000000

-5000000

wrt SM

—

52

57

===

62

sqrt(s) (MeV/c2)

The interference pattern (A;,,*A...;) shape evolves into a bump with increasing €.

| think of the bump as representing real A’ production (proportional to A

smaHZX
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e = 1E-4

Variation (ppm)

500

400

300

200

100

-100

-200

-300

-400

-500

Yield Signals Compared

(e = 1E-4 and 1E-3 on same vertical scale)

Relative Variation vs sqrt(s) e=1E-3 Relative Variation vs sqrt(s)

in ppm at 150deg CM in ppm at 150deg CM

This is a reminder how
much easier € > 1E-3
500 would be.

—wrt SM —wrt SM

400 . .
0.5 ppm in the wings

300 becomes 50 ppm!
200

100

52

57 62 52 62

-100

1
Variation (ppm)
=

-200
-300
-400

-500
sqrt(s) (MeV/c2) sqrt(s) (MeV/c2)
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Contributions to the Bhabha Xsect: s channel

The unpolarized xsect is proportional to a?:

Xsect at 3600 MeV
2 2
dof 2 14 f(t)g,? 1+f()gg? —
d—{‘;}:% lCDS4f9f2} 1+f[~”EL2"_.{[Tg; + 14+ fl0)gei—— {[5‘,?; xsect abs(dXsect_L1)
sin s abs(dXsect_TT) ====ahs(dXsect_LU)
+2sin*(8/2) | 14[f (s)gre; |1+[2fsin‘[9f2}][l+f{z}gﬂgL}1’ , (14) 1E-25
0 30 60 90 120 50
1827
(Polarized xsect differences can be defined from the asymmetries in Eqns 15-18.) s
f(t) is for spacelike Z and is purely real. These terms tend to diverge as theta = 0 deg, which 1£31
will dilute any interesting A’ effects that we add to the s-channel. FEJ .
8]
f(s) is for time-like Z, has a Real part and an Imaginary part. Generally, effects from a resonant S 1E35
A’ will be largest at backward angles (see red arrow at right, pointing to a “shelf” in the xsect). x .
[ 1E-39
1 q2
, ¢°>0 (g timelike) , j :
45in%20,,) a*— M, +im,re 1 >0 g timelikel, e, f(s) 1E-41
flgh)= 1 2 (12)
g 2<0 (g spacelike) i 65
45in2(zew} q2_MZ2 » 45 q ) |.e., f(t) Theta (M [deg)
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Contributions to the Bhabha Xsect: t channel

The unpolarized xsect is proportional to a?:

Xsect at 3600 MeV
2 |2 2
‘i,—”ﬂgu - lmﬁexz} PR N AL B TR S AL ] e el
43 s .
e e bs(dXsect_TT) === ahs(dXsect_LU)
+2sin*(8/2) | 1+ f(s)grgr | 2 +[2/sin*(6/2)][ 1 + [ (t)grgr | l , (14) 1E25
0 30 60 90 120 150 180

1827
(Polarized xsect differences can be defined from the asymmetries in Eqns 15-18.) s
f(t) is for spacelike Z and is purely real. These terms tend to diverge as theta = 0 deg, which 1£31
will dilute any interesting A’ effects in the s-channel. FEJ .

8]
S 1E35

n

X
1£37
[ 1E-39

l g’ 250 (q timelike), j o f
45inX(20y) g — M2 +iM, TS q q » i.e., f(s) 1E-41
flgh)= 1 2 (12)
q 2<0 (g spacelike) ; 65
45in2(26],y} gz“‘MZZ » 45 ) l.e., f(t) Theta (M [deg)
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