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e projected
EIC machine parameters

- What SHOULD be the parameters of the collider be
to make it uniquely interesting for precision EW tests
and searches for physics beyond the standard model?

- What are the detector capabilities and resources
required to achieve the required sensitivity and
precision?

In this talk, we describe the motivation; the questions above would be
addressed in a dedicated study if there is enough interest/quorum
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- Advantages over fixed target

- New PV observables
- Two specific applications to nucleon structure

* quark helicity distributions
» Isovector EMC effect

* Lepton Flavor and Number Violation

- electron-tau lepton conversion

e Conclusions & Outlook
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Low Q7 experiments address four broad topics; complement the LHC:
. Neutrino mass and mixing 03 ®® decay, \,5, ® decay, long baseline neutrino expts

. Rare or Forbidden Processes EDMs, charged LFV, 03 ®® decay
. Dark Matter Searches

. Low Energy Precision Electroweak Measurements:

Complementary signatures to decipher LHC new physics signals
 Neutrons: Lifetime, Asymmetries (LANSCE, NIST, SNS...)

« Muons: Lifetime, Michel parameters, g-2 (BNL, PSI, TRIUMF, FNAL, J-PARC...)

« Parity-Violating Electron Scattering Low energy weak neutral current couplings,
precision weak mixing angle (SLAC, JLab, EIC?)
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1./2 gyl pt1iJ 2 j 2j fz 2
i,j=L,R ij Eichten, Lane and Peskin, PRL50 (1983)

Many new physics models give rise to non-zero ¢'s at the TeV scale:
Heavy Z's, compositeness, extra dimensions...

One goal of neutral current measurements at low energy AND colliders:
Access ¢ > 10 TeV for as many f.f, and L,R combinations as possible

LEPII, Tevatron access scales ¢’s ~ 10 TeV
e.g. Tevatron dilepton spectra, fermion pair production at LEPII

- L,R combinations accessed are parity-conserving

LEPI, SLC, LEPII & HERA accessed some parity-violating combinations but
precision dominated by Z resonance measurements: ~ few TeV sensitivity
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Contact

consider ; :
interaction

2 on resonance:

2
Q" ~ My A, imaginary

54, 5(8)/g ~ 0.1 3 (sift Oyy)
2 = | A ~10Tev > 20.01
A G sin By

Window of opportunity for weak neutral current measurements at Q°<<M

Processes with potential sensitivity:
- neutrino-nucleon deep inelastic scattering
- Atomic parity violation
- parity-violating electron scattering
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Limits on “New?” Physics
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-Aj g = Apy = O O ~i"eak ~OrQ° (g8 1t® g8,

Gy+t0; A 47 o
g, and g ,are function of sin?\,,, A,, ~107-0° to 107*. O’

Specific choices of kinematics and target nuclei probes different physics:

* In mid 70s, goal was to show sinz\Wwas the same as in neutrino scattering

* Early 90s: target couplings carry novel information about hadronic structure
* Now: precision measurements with carefully chosen kinematics can probe
physics at the multi-TeV scale
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* Steady progress in technology
* part per billion systematic control
* 1% normalization control

e Intensive R&D on:
-Photocathodes

-Polarimetry

-High Luminosity cryotargets
-Nanometer beam stability
-Precision Beam Diagnostics
-Counting Electronics
-Radiation hard detectors
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| SLAC: DDIS
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New, complementary constraints on lepton- 01  |sovectorweak charge
quark interactions at the TeV scale -08 -07 -06 -05 -04
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Future:
*Ultra-high precision with MOLLER proposal (factor of 5 better than E158)

°C,, and C,; are small and poorly known: one combination can be accessed in PV DIS
New physics such as compositeness, leptoquarks:

Deviations to C,, and C,, might be fractionally large
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structure functions largely cancel in the ratio:

b(x) =

YT ZQ e

u (x)+d, (x)}
u(x) + d(x)

Must measure Apy to 0.5% fractional accuracy!

a(x)= % [(2C1u -C, )] 4. b(x)= {(2C2 C,)—

Feasible at 6 GeV at Jlab |:> luminosity > 10°%/cm?/s

well-suited for 11 GeV after the upgrade
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* Solenoid (from BaBar, CDF or CLEOII )
contains low energy backgrounds (Moller, pions, etc)
trajectories measured after baffles

 Fast tracking, particle ID, calorimetry, and pipeline electronics

* Precision polarimetry (0.4%)
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Precision Data

New, unique
sensitivity to
TeV scale
physics
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Parton-level charge symmetry assumed in deriving 2H Apy

— —

RCSV

R
A ()

——
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* Direct observation of parton-
level CSV would be very exciting!

* Important implications for high
energy collider pdfs

* Could explain significant portion

b & 0§ o B¢ BB opoop o5 oo of the NuTeV anomaly
0.2 0.4 0.6 0.8
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» Cover broad Q? range for x in [0.3,0.6] to constrain HT
» Search for CSV with x dependence of Ay at high x
* Use x>0.4, high Q?, and to measure a combination of the Ciq’s

29 September 2009

X y Q2

New Physics no yes no
CcsV yes no no
Higher Twist yes no yes
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Q% = 10 GeV?

=3 QCD fit
----- - CTEQ4M

--- CTEQ4M (modified)

e This proposal, 90 days
(follows MRST-2004)

Deuteron analysis has large .
nuclear corrections (Yellow) 0.4 |

Apy for the proton has no such o2

corrections - 3-month run \
0 fitted range |
0 0{2 0{4 O!S O!S X

The challenge is to get statistical and systematic errors ~ 2%
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EIC
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*Much high Q?: no higher twist issues
*"Huge” Asymmetries

‘Large range in y

*can unfold c1 & c2 couplings

*At highest Q?, couplings affected by
pure Z exchange: different linear
combination of couplings
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QUARKS GO?

WHERE DO ELECTRONS AND

q.e
10 GeV x 250 GeV
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htem
Entries 5566
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. 0.25<x<0.35

figure of merit vs 0° (GeV?)

e ~100 M events at Q2 ~ 100 GeV?2: Apy~ 102
« ~few 100K events at ~ 1000 GeV?2;: Apv ~ 0.1

« figure of merit is roughly flat for fixed x

« vy is virtually zero for small Q2 sample

Parity Violation and BSM Aspects
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atu.0o7/ level:

- Initial studies (e.g. Michigan workshop) showed 1% possible but detailed
systematics analysis & integration with machine design needed

* Preliminary conclusions:

- A 100 fb-! data set with e-d collisions can provide sensitivity to standard
model EW couplings at an interesting level: one would have to revisit this
after LHC data. Such measurements could potentially become vital and
JLab results might ignite further interest

- A similar data set with e-p collisions would measure d/u precisely and the
combination of the two data sets would provide new limits on charge
symmetry violation at x = 0.6 and Q? = 300 GeV?
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polarized electron, unpolarize

GrQ? [ F}? fly) F3?
2[71'05 [g FY +gv : ]

Apv =

New opportunity at EIC: gv and g4 are the electron vector-
d axial-vect li
4 unpolarized electron, polarized hadron ~, né axiat-vector coupings
VA
Arpy = [ v +9af(y)7 ]
\ 2\/_ 2T F;f )

__|[Enough y range to separate vector and axial-vector couplings

_|Could go down in x as low as 0.01

_lelectroweak g1 is complementary to electromagnetic gi: weights of up, down and
strange quark helicity distributions differently: could eliminate the need for input
from Hyperon decays for extracting strange quark helicity distributions!
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no physics beyond the standard model and no novel QCD
effects, these observables will form an over-constrained set.

» |s there a clever set of these observables that optimizes
sensitivity for testing QCD models as well as TeV scale BSM
models, and at the same time reduce sensitivity to common
systematic errors such as beam polarization?
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pv precisely as a function of x
« Switch to e-Pb collisions, with polarized electrons

- To first order, DIS rate should be the same: measure Apv
* Apvisin itself a ratio (weak to EM amplitude)

- The ratio of ratios (deuterium to heavy nucleus) as a

function of x should show a measurable effect if model is
correct?

- Measuring the EMC effect along a different isospin axis

- Major contributions to the radiative corrections would cancel
in the ratio of ratios
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; & ., * R-parity violating Supersymmetry
\‘d .drE
- Ongoing at existing facilities (PSI, B-Factories), and also
being looked at seriously for the future (J-PARC, Fermilab)

- The Mu2e project at Fermilab was given the highest near-
term priority in the recent P5 report for US HEP

xperimental LFV searches undergoing revival

* Thus, it is interesting to see if EIC has a role to play in this
subfield
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nucl. frag.

~u

» Potential for clean identification with high efficiency:

- look for single pion, three pions in a narrow cone, single muon:
should be able to devise several good triggers

- tau decay is self-analyzing: should study polarization dependence

- tau vertex displaced 200 to 3000 microns: would greatly help
background rejection and maintain high efficiency if vertex
detector is included in EIC detector design

Must also investigate the sensitivity and motivation for
o — + —
Lepton Number Violation e +tp—ou +X E +p— Tt + X
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» Lepton-Quark Weak Neutral Current Couplings

- EIC with highest luminosities may allow precision beyond planned
facilities, both for BSM physics and nucleon stucture

- Several technical issues:
* Polarization flips

longitudinal polarization stability

luminosity fluctuations and monitoring

trigger and other biases for asymmetry systematics at ppm level
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* detailed look at experimental systematics needed!

* Can electron polarization be measured to 0.1%?

- An optimized (smaller) data set with polarized proton and He-3
* new parity-violating structure functions
» separation of quark helicity distributions from x = 0.01 to 0.5

* Possibly critical for disentangling new physics in W asymmetries

- e-A with polarized electrons
* novel probe of EMC effect?

* available “for free” during e-A running if properly instrumented
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physics payoff must justify the effort

« We are forming a small group to evaluate the physics
and determine sensitivities: more people interested?
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