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Search for New Physics: Various I\/Iethods

High Energy (LHC)

High Intensity High Precision
(B-decays) ((g-2),, EDM, sin%0,, ...)

(at low energy)



Direct observation versus precision measurements: top-quark
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Summary: Measurements of sinZBW(effective)

LEP and SLD Average
Proposed: Precision - 0.23153 + 0.00016
of MOLLER EXP st
Proposed: Precision

Proposed: Precision of Mainz/Mesa P2

of PVDIS/SoLID Anticipated Final Precision

* O ' JLab Qweak Result

PVDIS (JLab 6 GeV) 0.2299 + 0.0043

AY! —e— 0.23099 = 0.00053
A(P) —e— 0.23159 = 0.00041
A, (SLD) o 0.23098 = 0.00026
ApP o 0.23221 = 0.00029
Ap° —— 0.23220 = 0.00081
Qe e 0.2324 = 0.0012
A7 (CDF), 2.0 fb™ b———— 0.2328 + 0.0011
Aj (CDF), 9 fb"! s 0.2315 = 0.0010
A%, (D), 9.7 fb" —e— 0.23106 = 0.00053

preliminary
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The role of the weak mixing angle

The relative strength between the weak and electromagnetic interaction is
determined by the weak mixing angle: sin%(6,,)

< > : ZO
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P 4P P a4 P
Q.(p) = +e Q,,(p) =1-4sin?20,,
electric charge of the proton weak charge of the proton

sin? ©,,: a central parameter of the standard model



Q-Weak (JLab)

P2 (Mainz/MESA) e-DIS

Mgaller Scattering e

e e

e

» Coherent quarks in p

* in operation now
* 2(2c1u+c1d)

* Purely Leptonic

Atomic Parity Violation

€

* Coherent quarks in entire nucleus

* Nuclear structure uncertainties
e -376 C,,—422C,,

S.Su

 Isoscaler quark scattering
¢ (2C4,-C4g)+Y(2C2,-Cyq)

Neutrino Scattering

vV u Vv A%

W + Z\:/W

=< =<

* Quark scattering (from nucleus)
* Weak charged and neutral
current difference

7
Courtesy of P. Reimer and R. Arnold



,;running” sin? Beft or sin? Bw ()



Precision measurements and quantum corrections:
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running a running sin? 6,,(p)
Universal quantum corrections: can be absorbed into a
scale dependent, ,,running” sin2 8 or sin2 0,,(u)
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» yZ box graph contributions obtained by modellmg hadronlc effects:

0.012

[— Re[_]z - Avg. (Model 1,ll)
[— ReI:IVz:tA(I:IVz)

» Hadronic uncertainties
suppressed at lower energies

» Low beam energy experiment:
P2 @ MESA

I /—EVEAK (E = 1.165 GeV)
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[Gorchstein, Horowitz & Ramsey-Musolf 2011]

* g g Progress in Theory
- Theory uncertainties in box diagrams
VA - 2 loop corrections
- Hadronic contributions in loops
- - Auxiliary measurements
- PV-asymmetry in Carbon

[
I
I
I
I




0.245

measurements 3
+ completed data taking E
¢ proposed —;
NuTeV E
0.240 ISLAC"§1.58 E

é A
= E
= APV =
@ 0.235 eDIS E
= E
® E
Tevatron LEP 1 I LHC =

0.230 SLC = y

MOLLER E 3 (y
# —
P2T T soLiD E 0
QweakT —E
0.225 l =
1 1 IIIIIII 1 1 llllllI 1 11 lIlIII 1 11 IIII:.
0.0001 0.001 0.01 0.1 1 10 100 1000 10000

u[GeV]



Instltut flir Kernphysuk

Sensitivity to new physics beyond the Standard Model



Sensitivity to new physics beyond the Standard Model

Mixing with
Extra Z Dark photon or Contact interaction
Dark Z

New
Fermions



Dark Photon, Z-Boson
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Log,, Q [GeV]

Bill Marciano

A = sinBw W3 + cosOw B
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Supersymmetry



X. Su

Example: Supersymmetric standard model extensions
Kurylov, Ramsey-Musolf, Su (2003), updated
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. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
2 —0.0716 Q7 =—0.0449
o ~0.0029 Experiment |—T—| +0.0051
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» Leptoquarks

SM (Jens Erler, Ramsey-Musolf, 2003) SM



Weak
Charge
Of
Electron:
MOELLER
(JLAB)

Weak
Charge
of
Proton:

Qweak (Jlab),

P2 (MESA)

Weak
Charge
of
Quarks:
SOLID
(PVDIS)
(JLAB)




The role of the weak mixing angle

The relative strength between the weak and electromagnetic interaction is
determined by the weak mixing angle: sin%(6,,)

< > : ZO
| |
P 4P P a4 P
Q.(p) = +e Q,,(p) =1-4sin?20,,
electric charge of the proton weak charge of the proton

sin? ©,,: a central parameter of the standard model



Proton: special case

Instilf‘ut" fir Ke rnphyS|k

Proton Weak charge: Qy,(p)

1-4sin20,,

Error: AQy,(p)

Rel. error: AQy,(p)/Qy(P)

4 Asin2 9,

4/( (1/sin?6,)—-4) (Asin?0,,/sin?6,,)

Rel. error Asin? 6,,/sin? 0, = ( (1/sin20,)-4)/4 AQy,(p)/Qy(p)
Example: sin? 0,, (50 MeV) = 0.238

4/( (1/sin20,,)—-4) ~ 20

AQy,(p)/Qy(P) = 2% from Experiment

Asin? 6,,/sin? 0,

0.1% same precision as LEP, SLAC

Neutron Weak charge:

AQy,(p)/Qy(n)

Asin? 0,,/sin? 0,




HE In;t' ut far Kernphy3|k

Physics sensitivity from contact interaction
(LEP2 convention, g2= 4pi)

precision A sin20w(0) Anew (expected)
APV Cs 0.58 % 0.0019 32.3TeV
E158 14 % 0.0013 17.0 TeV

Qweak | 19 % 0.0030 7.0 TeV
Aenrmnl, £ 0.0008
0.005

0.00057

0.00026
0.00036
0.0007

ens Erler
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Experimental Method:
Parity Violating Electron Scattering



)*

Ju ~ €Yyue Vector Current

W~ (Nlg'ayu+q'd yﬂd +q5psIN)

— E[YMFl—i(Sﬂqu

P_p)p
DMy 2]



Jy o~ (N|guyu+q'dyd +67“'§vﬂslN’>

~

_ Kp
— p[WF —ict Frlp
A ['Y"Ml l qVZMN ]
|

P

P




V-A coupling:

parity-violating

cross section asymmetry ALr
longitudinally pol. electrons
unpolarised protons

AV +V A

(V'A)e(V_A)p

&N

p Target



Parity violating cross section asymmetry ¢ €
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Parity violating cross section asymmetry

tracking system

\ weak charge

el )
AR = - _F
" olet)ole ) avama ](Q )
. polarisation measurement
Ow = 1-4 Sll’l2 Ow (Ju) hadron structure

F(Qz) — FEM(QZ) +FAxial(Q2) +FStrange(Q2)



 Contributions to Asin®’®,, for 35° central scattering angle, E=150
MeV, 10000 h of data taking
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Beam energy: 150 MeV
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JG|U P2-Precisioniir

Form factor parametrizations: P. Larin and S, Baunack Beam ene rqy: 155 MeV
y-Z-box according to: Gorchtein, Horowitz, Ramsey-Musolf 1102.3910 [nucl-th]

Beam current: 150 pA

o* Asin’(ow) =3.1-10%(0.13 %) Polarization: (85%0.5)%
-"\.\_\_‘\\ \ Target: 60 cm 1H2
Statistics o Acceptance: 2n:(35°%10°)
10 e P 0N = Rate: 0.5 THz
Runtime: 10000 h
AA" 0.1 ppb
10%
3.1e-4 2.6e-4 9.7e-5 7.0e-5 1l.4e-4 6e-5
(0.13%) | (0.11 %) (0.04 %) (0.03 %) (0.04 %) | (0.03 %)
0.44 0.38 0.14 0.10 0.11 0.09
(15%) | (1.34 %) (0.49 %) (0.35%) | (0.38 %) | (0.32 %)
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Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



JG|U Optimization of beam energy and

S Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013
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Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



FE beam 155 MeV

B¢ 35°
850y 20°
(Q%)L—600mm, s6,=20° 6 x 1077 (GeV/e)®
(A™P) —39.94 ppb
(AAP)roeal 0.56 ppb (1.40%)
(AA®P)gpatistics 0.51 ppb (1.28 %)
(AA®P)polarization 0.21 ppb (0.53 %)
(AAP) 5o rative 0.10 ppb (0.25 %)
(siv) 0.23116
(Asiy)Total 3.3 x 107* (0.14%)
(Asiy )statistics 2.7 x 1074 (0.12%)
(Asiy ) Polarization 1.0 x 104 (0.04%)
(As{y)Apparative 0.5 x 107 (0.02%)
(Asiy)o, 0.4 x 107* (0.02%)
(Asiy )nucl. FF 1.2 x 107 (0.05 %)
(@) Cherenkov 4.57 x 1073 (GeV/c)?
(A™P) Cherenkov —28.77 ppb

Frank Maas, Teilchenphysikkolloquium, Heidleberg, Feb. 5, 2013



Conceptually very simple experiments

o & v

il

p—Target

= (N+_N-)/(N++N-) AA — (N++N-)-1/2 — N-1/2
A=20x10° 2% Measurement N =6.25x 10'8 events

Highest rate, measure Q?: Large Solid Angle Spectrometers



Apparative (false) asymmetries:

Extreme good control of beam and target
Flip Helicity fast
Extra spin flip
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High power
__—  beamdump

* MAMI continues operation
separately from MESA
construction or operation

* MESA takes over low energy
experiments (E<200 MeV)

Experimental Hall

H Shaft building

— MESA-Hall-1

MESA-Hall-2
Shielding
EiEEEEE
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[\T ..:j hY
g =
~r Il §I
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Counting Technique

i

i

Count scattered electrons:

- pile-up (double count losses)
- Background Asymmeftry

- Very Fast Counting (MHz)

- Measure TOF or Energy
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Institut fir Kernphysik

Analogue Technique

o 4@/@

- * p-Target

Measure Flux of Scattered electrons:
- no pile-up (double count losses)

- sensitive to small electr. fields.

- no separation of phys. process



P PefE 1044

-  Institut fir Kernphysik

MESA accelérator
new, Mainz Energy Recovering Acc.

Beam Dump



MNTer Polarimeter:/ |
Institut fur Kernphy3|k

-

Carrier flange Heat exchangers  pre-cooler final 3He/4He mixing
(4He-based pre-  stage (1.25K) chamber (0.25K)
cooling system) with trapped Hydrogen

JANS /
/|

separation (Still) 0.7K injection
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Sfimental setup

Institut far Kernphy3|k
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Total rate

Elastic e-p scattering:
primary e-, 8; € [25 deg, 45 deg]
primary e-, 6; ¢ [25 deg, 45 deqg]
secondary e-
secondary photons
secondary positrons
primary protons
secondary protons
LLL— . B secondary neutrons

1 1 J_‘_L Background:

L] B - electrons
3 :H: =|: | N photons
- - positrons

[ IIIIII|

[ EERn

|—'-|'—|>
il

AR

=j=w
1
II;/
I_LII

10°

=
E

protons
neutrons

500 600 700 800 900 1000 1100
r/mm

Dominik Becker



Full GEANT4 simulation

ctrosil 2000

Highly UV-reflective
“aluminium

Light tight vinyl foil

Kathrin Gerz
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Full GEANT4 simulation

Total photo electron rate
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Number of PMT cathode electrons emltted per event

6000

4000

2000

incident particle

—— Electrons

——— Photons 10MeV

—— Photons 20MeV

—— Photons 100MeV
160000 events each

L . | A I 1 | |

0 50 100 150 200 250

Number of PMT cathode electrons emitted per event




Solenoid

Moller shield
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Superconducting
solenoid

8. « E | o 4
'Cherenkov

ring dgtector

v

Kevlar |
window

Tracki ng
detectos

./

P2-Experimenta



Other Measurements:
Carbon, Lead



Introduction :
Achievable Precision ~ SosIC SEtUp

« Geant4 RayTracing Plots
« Separation of Excited States

Experimental Realization
Conclusion

EXPERIMENTAL REALIZATION

» 150pA
MESA: -« 150MeV-200MeV
» Polarimetry e-Bremsstrahlung

Collimators

=
/x
/

e from el. e-1?C-scattering

Extended 5-finger ?C-target
Enhanced sensitivity \ /
To new physics ( ( ( (;l/

Polarized electron beam

i — . W Detectors

G0 . F,(Q%)
-N= 21;1—\5 sin’ OW - m Solenoid magnetic field /
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~ 0 JG|u @

Kathrin Gerz




Neutron Skin for beginner

> : -
Where do the neutrons go? )

Stable Nuciens neatrcn oton

& 12213

(b)

Neutron Rich
Nucleus

Densty

6He, 8He, 32Na

)

Nucleus near the
Neufron Dripline

1L, 11Be

Pressure forces neutrons
out against surface tension
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Density
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clu P2 mterna

The P2 Experiment arXiv:1802. 04759

A future high-precision measurement of the electroweak mixing angle at low momentum
transfer
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Parity violating electron scattering: "Low energy frontier”
comprises a sensitive test of the standard model complementary
to LHC

Determination of sin?(0,,) with high precision (similar to Z-pole)

P2-Experiment (proton weak charge) in Mainz under preparation
New MESA energy recovering accelerator at 155 MeV, target
precision is 2 % in weak proton charge i.e. 0.15% in sin?(6,,),
Sensitivity to new physics up to a scale of 50 MeV up to 50 TeV
Much more physics from PV electron scattering

Together with Moeller@Jlab (electron weak charge) and
SOLID@Jlab (quark weak charge) very sensitive test of standard
model and possibility to narrow in on Standard Model Extension



