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@ PRISMA+

MAinz Mlicrontron MAMI. Electron accelerator up to 1.6 GeV

High power
___—  beamdump

Experimental Hall

Electron Accelerator E,,x =1.6 GeV (CW)
operated at JGU Mainz (Germany)

Hallmarks
Shaft building

" |ntensity max. 100 uA

= Resolution 6 < 0.100 MeV
= Polarization 85%

= Reliability: up to 7000 h / year
= 30 years of hadron physics

Previous parity violation electron
scattering experiment: A4
Stopped data taking in 2010

* EM calorimeter, fast online
histogramming

* Accelerator integral part of the
experiment. Stabilisation of all
beam parameters.

RTM2

ISl @ [ [@ [ @

Fmgeeta—o]

RTM3

e Strangeness contribution to
nucleon structure: ,,strangeness
form factors”

* Nuclear targets for background
subtraction

Two-Photon Amplitude

* MAMI continues operation
separately from MESA
construction or operation

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




MAMI Electron accelerator

Electron Accelerator E,,x =1.6 GeV (CW)
operated at JGU Mainz (Germany)
Hallmarks

Tagged Photon Scattering (A2 hall)
Crystal Ball / TAPS calorimeters;

. Polarized frozen-spin target
" |ntensity max. 100 pA P g

= Resolution 6 < 0.100 MeV
= Polarization 85%
= Reliability: up to 7000 h / year

- 1\ Electron scattering
MAMI = (A1 hall)
RIV2 === gp~- % High resolution
l] |- n 1{ RTI;& ’ '~"-g Magnetic spectrometers
l"l*. S ; » z [ J [

X1

Test beam facility;
Radiation physics
2000 h test beam for P2 components




ERLs world-wide (status fall 2022)
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- MESA is one of few ongoing ERL activities
- The first ERL facility with a target in the beam
for physics experiments
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MESA Electron accelerator

Workshop to Explore Physics Opportunities

with Intense, Polarized Electron Beams up to 300 MeV :
Cambridge, MA, USA, March 14-16, 2013
Richard Milner(ed.),

Roger Carlini(ed.),

Frank Maas(ed.)

2013, AIP Conf.Proc. 1563 (2013) 1

MESA

MESA facility tailored to the
experimental program

Start Commissioning end of 2025




Mesa accelerator

Key parameters MESA:

= Two operation modes: extracted beam (EB) &

or energy recovering (ERL)

= Max. beam energy 155 MeV (EB), 105 MeV (ERL)
= Beam current 150 pA (EB), 1 mA (ERL)
Superconducting cavities

Start commissioning 2024

= New research building (par. 91b GG)

Can run in parallel to MAMI

Polarized Source Test Setup

----- New underground experimental hall (par. 91b GG)

/N | o

Cryomodules successfully tested




MESA experiments

DarkMESA

= Beam dump experiment

= Direct detection of light dark matter
= PbF, and lead glass Cerenkov calorimeter
= Staged approach

MAGIX experiment

= QOperated in ERL mode of MESA
= Double-arm spectrometers
= |nternal gas target experiment iers 28
= @Gas jet target commissioned s '

Pb Glass

at A1/MAMI already

Main components of MAGIX
and P2 presently constructed
in industry and assembled

in house (funding via major
research instrumentation
program of federal
government)

Tracking )
Detectors Integrating
Cherenkov

Detectors

= Extracted beam mode

= Parity violation experiment
= 1022 Electrons /a

= sin?#yy , neutron skin, etc.

Shielding
Liquid Hydrogen Target




Access to the weak mixing angle at high energy @ PRISMA-

e ete collider: final state fermions

* pp,pp collider: Drell-Yan process, PDFs needed
* EIC: deep inelastic scattering, PDFs needed
: * Interference between photon exchange and
\m neutral current process
o/A /\/ > e Cross section dominated by the Z-resonance
1 * Parity Violating Observables are large at Z-pole

* Imaginary part is large at the Z-pole, sensitivity to
new physics suppressed

p remnant



Access to the weak mixing angle at low energy @ PRISMA+

P2 (MESA/Mainz)

MOLLER (Jlab) Q-Weak (JLab) SOLID (Jlab)
e-DIS Interference between
electromagnetic and
weak neutral current
amplitude: Parity

violating asymmetries

Mgller Scattering

e

* Purely Leptonic +(2C4,-C19)+Y(2C,,-Cyy)

: e e e e
* Coherent quarks in P, 15o5¢qler quark scattering I Z\/
Y Z,
! Al
Yb,Dy,Sm (HIM/Mainz) p p P P

Atomic Parity Violation Neutrino Scattering .. .ont Neutrino Scattering

Cross section
measurements

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

* Coherent quarks in entire nucleus
current difference

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

10



@ PRISMA+

Parity Violating in elastic electron proton scattering

A

P P
V-A coupling: (V'A)e(V'A)p

parity-violating mVeAp LETTERS TO * [

cross section asymmetry ALr PARITY NONCONSER "
i : FIRST ORDER IN TE
longitudinally pol. electrons

N+- ACTION CONSTANT
unpolarised protons & SCATTERING AND

p!

Ya. B. ZEL’ DOVICH E

\\ 1 '
Submitted to JETP editor December 25

p—Ta rg et J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 9

(March, 1959)




]G‘U Parity Violating Electron Scattering (PVES)

Conceptually very simple experiments

i -+ =
s .
.\\‘\ n .
== L /
-
e \\.“- L

il

" p-Target

A = (N*-N-)/(N*+N") AA = (N++N-)2/2 = N-1/2
A=20x10° 2% Measurement N =6.25 x 1018 events

Highest rate, measure Q?: Large Solid Angle Spectrometers

@ PRISMA+

Physics topics:

Electron spin longitudinal

(PVES)

 Weak vector charge of
the proton

 Weak axial form factor
of the proton

 Weak vector charge of
the neutron (Carbon)

* Neutron Skin of Ca and
Lead (MREX)

Electron Spin transverse
 Two photon exchange
amplitude in elastic

electron proton
scattering

 Two photon exchange
amplitude in electron
nucleus scattering



@ PRISMA+

False (related to apparatus) asymmetries:

Extreme good control of beam and target
Flip Helicity fast
Extra spin flip




@ PRISMA+

JG|u

Counting Technique N+_
ook ?

v

p Target

o

|

Count scattered electrons:

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

- Very Fast Counting (MHz)

- Measure TOF or Energy



@ PRISMA+

Analogue Technique

Sy | o,
=t o

' p-Target

-

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

- sensitive to small electr. fields.

- no separation of phys. process
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PVeS Experiment Summary

Pioneering

Strange Form Factor (1998-2009)
S.M. Study (2003-2005)

JLab 2010-2012

Future

Kent Paschke
L ocnd Lol L ocinl Lol Lol Lot

107 10° 107 104 107
PV

@ PRISMA+



@ PRiSMA+
e ¢ e ¢
|

' Z,

a = [GF Q2| €GLGE + 1G], Gl — (1-4sin? 8,,)€’ G G4 'S

ep Ata2 e(GL)? +1(6G;,)2 L

Parity violating cross section asymmetry

I
<
|

/ s (__GP 171 £ TGp G"
—api,q [(\l — 4sin? Ow) — E_E MM

e(GR) + 7(Gyr)?
| 2in< i) 2 P P
Apr = Av + Ax +AS<AA a(l—4b1n Ow )'\,/1—69\/-‘7‘(1+T)G1\1GA
‘/—A e(G%)? + 7(GY)?
=t , €GRpGyL + 7GY Gy

S = APeq——7 AP o 9
\ T e(Gp)? +1(GYy)?

>
n
|

a=—Grg’/4maV2, T=—¢*/AM], e=[1+2(1+7)tan’6/2]™’



P2 parity violation experiment in Mainz: forward and @ —r
backward angle measurements

E=155 MeV: Asymmetry contributions

-
=

—
=
w

Asymmetry (ppb)

2

10

1 I 1 1 1 | 1 l I 1 | L I | Il | 1 1 | l I 1 | L I 1 1 I 1 |

20 40 60 80 100 120 140 160
Lab scattering angle (deg.) 18




Auxiliary measurements at backward angles @ PRiISMA-+

Strange FF and axial FF from present data Strange FF from lattice, axial FF with uncertainty/3

b

|

X
"y
(]

X

0.7 0.7

Asin?(8,,)
Asin®(6,,)

0.6 0.6

0.5 0.5

0.4 0.4

Gp

0.3 0.3

Statistics Statistics

0.2 0.2

Polarization

01— Fr A Polarization

0.1

| L1 | I I Ll I L1 I Ll
15 20 25 30 35 40 45 50 55 60 L1 15 I | 20 I | 25 I | 30 | B - 35 I | 40 | | 45 50 55 60
6/deg 8/deg

Accuracy of electric and magnetic
strangeness form factor from recent
lattice QCD calculations and
axial form factor from backward angle
measurement

Present status (accuracy) of electric
and magnetic strangeness form factor

and

axial form factor 19



@ PRISMA+

» yZ box graph contributions obtained by modelling hadronic effects:

0.012
[— Re[_]z - Avg. (Model 1,ll)
[— Re[ ]z+A(]2)
0.01F . . .
> Hadronic uncertainties
i . suppressed at lower energies
LLi I .
5>0-006,' ______________ » Low beam energy experiment:
N _
£ 0o0afP2 /- P2 @ MESA
QWEAK (E = 1.165 GeV)
0.002

' P S PR (TR S W T T SR ST W T TR SN S W N SN S W'
[ 0.5 1 1.5 2 2.5 3
E (GeV)

[Gorchstein, Horowitz & Ramsey-Musolf 2011]

»- >

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




at MESA/Mainz
exp o(ép)—a(ep) _ GrQ? 5
AR = o(ép)+aEp) 4\/‘ 2ma (QW(p) F(Q )) + A

P2: Parity violating electron proton scattering

@ PRISMA+

False asymmetries: control of
target and accelerator

T T T
E =155MeV |

’
Cross section asymmetry A" \ \
PR ey N Beam
e

polarisation Momentum transfer < Q2>
P Tracking system
Polarimetry

Magnetic spectrometer
Cherenkov detector
Read-out electronics

Data acquisition

1 7-1078F
| [Apv| L

I Z 6.5-10-8 ~

El i = 45 MeV A

_g[ " lea ing order
6-107° st
=== oraer

Afy [degrees]

Low Beam Energy, Low Q2
Theory:

QED corrections

EW corrections (two loop)
Hadron structure F(Q?),
Strangeness form factors
Measure:

Axial form factor =



JG|U

P2-experimental principle and
Q2-Measurement

Solenoid

Beam axis

Tracking detector I

@ PRISMA+

Integrating
detectors



P2 Experiment

Integrating Cherenkov-
detector ring

Scattering : = 5 j b Luminosit
chamber . . - 5 . F uminosity

detectors

Beamline




The role of the weak mixing angle @ PRiISMA+

The relative strength between the weak and electromagnetic interaction is determined by the weak mixing angle: sin?(0,)

< > : ZO
| )\ |
P 4P P4 P
Q.(p) = +e Qu(p) =1 -4 sinZ By
electric charge of the proton weak charge of the proton
Qu(n) =-1

sin? Oyy: a central parameter of the standard model accessible through the weak charge

24



@ PRISMA+

Precision measurements and quantum corrections:

/

e € e\/ e/ e e € €
! Y Y
Y + : Z + + +
1 ,.)/ i Z
p P p//o\ Pop P p/o\p’
running o running sinZ O,,(p)

(P2)

Universal quantum corrections: can be absorbed into a
scale dependent, ,running” sinZ B or sinZ 0,,(K)

25




Measurements of the weak mixing angle @ PRISMA+

0-245 1 llllll 1 LI llllll 1 LI llllll 1 LI llllll 1 LI llllll 1 LI ) IIIIE
measurements -
s completed data taking 3
e proposed =
NuTeV =
0.240 IS'—AC'E_] o8 =
Qweak 1 —E
= APV | =
~T 0.235 eDIS E
= 3
» E
- TevatronI L LEP 1 LHC _§
0.230 tsic E
MOLLER T Se _E
P2 T T soLID =
0.225 _E
1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllll;

0.0001 0.001 0.01 0.1 1 10 100 1000 10000

[GeV]

26



Running of the weak mixing angle @ SETETAA

0.245 RGE Running
Particle Threshold
Measurements
Proposed
SLAC-E158
0.24
|
N
—_ QweakI \
= APV DIS \\
eDIS |
<<J>a 0.235
(@]
A=
wn
0
LEP 1 3 %
Tevatron SLC { LHC
0.23 : MOLLER
: —_——
' P2 I SoLID
i I
0.225 - 3 4
107 107 1072 107" 1 10 107 10 10
LL [GeV]
2 2 Anew 2 . )
Az +A wl — AZ 1+ A On the Z-resonance A; imaginary and very large, .
Z largely reduced sensitivity to new physics



Running sin?20,, and Dark Parity Violating Z @ PRiISMA-+

0.242
Myakz = 100 MeV

Myak 7 = 200 MeV

v—DIS

0.240 Qweak (first)

sin*fy (Q?)
-
[\
()
@)}

. APV(Cs)
0.232+ Moller n
- MESA
_ Qweak Bill Marciang |
0.230+ "Anticipated sensitivities" SLAC i
i I | I 1 I 1 | I 1 I 1 | 1 I 1 I | ! 1 I 1 | 1 I 1 I |
-2 —1 0 1 2 3

Z = cosOw W3 —sinbw B

Log,, Q [GeV]
A = sinBw W3 + cosbw B 28




0.5

0.495

0.49

0.485

Constraints from PVES at MESA

|
— P2 (1.7% H asymmetry)
——-— - P2 (0.3% C asymmetry)
Emmmm 2018 (all data)
2018 + P2 (H target)
[
a

2018 + P2 (H + C targets)
Standard Model prediction

-0.72 -0.715 -0.71

-0.705

@ PRISMA+

Quark-vector-
electron-axial vector
couplings
Sensitivity down to
masses of 70 MeV
and up to masses of
50 TeV

29



Future wEFT constraints from APV and PVES

JG U Adam Falkowski at Mainz MITP workshop: Impact on low energy measurements
Current QWEAK, PVDIS, and APV cesium experiments:

095 0.74 +2.2
e = |"2214 25805 107>
2098%, — 6454, —39 + 54

09% v 0 =X 0.76
8g5 =4 04+0.97") %10
20g¢% — 0ge, 074

1 € — i
LwEFT D — =3 Z gayv(€ape — e0pe®)(qaPq + ¢°0’q")

g=u.d

1 = DR o
2 Z gy 4(ETpe + e°0,E°)(G57q — ¢°0P ")
ity g=u.d



Physics sensitivity from contact interaction @ PRISMA+

J G‘U (LEP2 convention, g2= 4pi)

precision A sin2Bw(0) Anew (expected)
Effective field theory
approach (EFT)

Qweak final 0.0008

PVDIS 0.005

0.00057
0.00026
0.00036
0.0007 31

Jens Erler




Three PV experiments with three @ ——
different probes for new physics

. Complementary access by weak charges of proton and electron

Weak charge of the proton: Weak charge of the electron:
Weak 0%=0.0716 0, =—0.0449
Charge jo—{ +0.0029 Experiment j—o—ri +0.0051
of | !
_ | !
Proton: —> SUSY-Loops -«
Qweak (Jlab), I I
P2 (MESA) I , !
B E— E‘5 Z -
Weak | |
Weak ch ea I I
Charge g;ge T RPV SUSY R
of Quarks: : :
Electron: ' I — > Leptoquarks |
SOLID
MOLLER (PVDIS) | |
(JLAB) I I

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

(JLAB)

32



]G‘U Parity Violating Electron Scattering (PVES)

Conceptually very simple experiments

i -+ =
s .
.\\‘\ n .
== L /
-
e \\.“- L

il

" p-Target

A = (N*-N-)/(N*+N") AA = (N++N-)2/2 = N-1/2
A=20x10° 2% Measurement N =6.25 x 1018 events

Highest rate, measure Q?: Large Solid Angle Spectrometers

@ PRISMA+

Physics topics:

Electron spin longitudinal

(PVES)

 Weak vector charge of
the proton

 Weak axial form factor
of the proton

 Weak vector charge of
the neutron (Carbon)

* Neutron Skin of Ca and
Lead (MREX)

Electron Spin transverse
 Two photon exchange
amplitude in elastic

electron proton
scattering

 Two photon exchange
amplitude in electron
nucleus scattering



Two photon exchange in elastic electron scattering

high-precision experiments » need to go beyond Born approximation

one-photon exchange two photon exchange
I i*
|
| target
| _d
purely real has i |mag|nary part

interference of one- and two-photon exchange causes
beam-normal single spin asymmetry A,

De Rujula et al., Nucl. Phys. B35, 365 (1971) Talk by M. Thiel and P. Blunden

»allows access of imaginary part of 2y exchange amplitude

34



Two photon exchange on elastic electron scattering

two-photon exchange

k_, k,)i k'
g ; 9
.

I
p AT

has imaginary part

« Many observables: Target normal spin
asymmetry, Beam normal spin asymme
» Different physics for proton target or nu

target
e

target

AT [ppm]

-20

-101

.l

A4 experiment, systematic measurements
p and d - target

- R L L L T .
- -

L. Diaconescu et al., Ref. [80]

------- B. Pasquini et al., proton, Ref. [59]

////| B.Pasquinietal., proton + xN, Ref. [59]
|:| M. Gorchtein, Ref. [81]

—f— 2005 data, Ref. [67]

e this Work

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Beam energy [GeV]
Guo et al., PRL124, 122003 (2020)

Talk by P. Blunden 35



T, = 3600°C

results — Q2 dependence

0.02 GeV? < Q2 <0. 05 GeV?

0 M. Gorchtem et al.
spectrometerA @
spectrometer B O
. ~5F S. Abrahamyan et al., Ref. [18] H—¢— -
£ .
3 e uncertainty of
ig'? or Compton slope parameter:
£
8 -15p 0 n
Sl 0 e
g i 10% — i 20%
§ _25 | smssssssEEEEEEEEsEEEEssssssssssssEEEs
IE | ]
3 best agreement -
_30 -
exp [theo. at low Q2 |
_35 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |
0 0.01 0.02 0. 03 0.04 0.05 0.06
Q2 [Gev?/c?]

A. Esser et al., PRL 121, 022503 (2018) Talk by M. Thiel 36



results — A dependence

-10

Beam-Normal Single Spin Asymmetry (ppm)

-25

-30

12¢, 285j, 907r (Q2 = 0.

04 GeV?)

-15 L

=20

%

T
M. Gorchtein et al.
Spectrometer A &
Spectrometer B F—%=—
Systematic Uncertainty C—1

12C 285i

90zr

A. Esser et al., PLB 808, 135664 (2020)

uncertainty of
Compton slope parameter:

-+10%

= 120%

Next steps: new DAQ electronics and
lead target in A1-Spectrometers at MAMI

Talk by M. Thiel 37



the whole nuclear chart in a small band

0K *
oF PREX@JLab
£ 4 nuclei at:
s :
E E 2 scattering angles
<0 3 four-momentum
3 transfers
-14 _
ok 4 beam energies
0

S. Abrahamyan et al., PRL 109, 192501 (2012] . 4

two-photon exchange
k k s

1
Lot
1
1
1

-------

has imaginary part

systematic study
needed

disentangle
A “" Qz, Zand E

.= * dependencies

. | 38
o s “ ’ g 1 [ ]
1 'A<- J'. 1 '.. 3 4 A. )



Nuclear physics in P2: Equation of state?

» Neutron Stars are bound by gravity NOT by the strong force
» Neutron Stars satisfy the TolIman-Oppenheimer-Volkoff equation (vesc/c = 1/2)

dP _

elc’+Plc’)(M+41r PlcY)

e
dr_G

dr

r*(1-2GM Irc?)

aM _ yr’elc?, P=P(e) (EOS)

» Only Physics that the TOV equation is sensitive to: Nuclear equation of State

Equation of state

—— Nucleonic
36f ---- Quark
—-— Hyperonic
....... Hybnd
35} Parametrized

logioPressure (dyne/cm?)

Mass-radius

A I A A A
14.2 14.4 14.6 14.8 15.0
1uy10 wensity (g/cm?3)

A-Watts AIP 2127, 020008 (@Q19)
Stellar
] structure 2.51
= equations
~ 2.0}
(0]
) =
15
(%]
©
= 1.0
0.5k .-
152 0.0g 9 10

11 12 13 14 15 1¢
Radius (km)



LEAD-208 SKIN THICKNESS (fm)

P2-Detector ...we call it:

PV-Asymmetry

long.
polarized
unpolarized

s Zo target

PVES

J. Piekarewicz et al. Physics Today 72, 7, 30 (2019)

0.32 -

0.28

0.24 -

0.20

0.16

0.12 1 o8 PREX-II

I I I I
0 30 60 90 120 150

SYMMETRY PRESSURE (MeV)

Measurement of the neutron disctribution in lead

(@)

Density

wE

Stable Nucleus

(b)

Density

Neutron Rich
Nucleus

6He, 8He, 32Na

Dristance from the center

neutron

proton



P2 parity violation experiment in Mainz: program @ PRiSMA-+

Qweak@Jlab

P2@MESA

Hydrogen

P2@MESA
Carbon

P2@MESA
Calcium,Lead

Acp=-226.5 ppb

AA.,=9.3 ppb

A oo/Aey= 4.2 %

Asin? 6\,/sin? 6,,=
0.46 %

Aep=-28 ppb

AA.,= 0.5 ppb
ppb=1/VN
Factor 19

After 11,000 h

AAgy/Aey=1.8%

Asin? 6,,/sin% 8=
0.15%

Aux. measurem.
backward angle

A..=416.3 ppb

AA. 7= 2.7 ppb
after 300 h
AA.,°'= 0.9 ppb
after 2500 h

AAep/AepStat=
0.6 % (0.2 %)
Polarimetry!

Asin? 6,,/sin? 6,,= 0.6
% (0.3%)

Aux. measurem.
backward angle

Aepp™ 700 ppb

MREX will improve
the neutron skin
thickness by a
factor of two.

In addition
measurements of
transverse
asymmetries

Two-Photon
exchange
amplitude



Summary @ PRISMA+

* Parity violating electron scattering:
“Low energy frontier” comprises a sensitive test of the standard model
complementary to LHC with a sensitivity to new physics up to 50 TeV

* Determination of sin?(0,,) with highest precision 0.15% (similar to Z-pole), test
of running of sin?(0,y)

 P2-Experiment (proton weak charge) at MESA

* Solenoid delivery in October 2024, all critical components delivered, installation
of magnet yoke started, start commissioning End of 2025

* New MESA energy recovering accelerator at 155 MeV, target precisionis 2 % in
weak proton charge i.e. 0.15% in sin?(0,y),

e Sensitivity to new physics at a scale from 70 MeV up to 50 TeV

* Strategic series of measurements from large asymmetries to ultimate precision

* Final accuracy corresponds to a factor 3 improvement over Qweak-experiment

* Much more physics from P2: Neutron Skin in heavy nuclei, weak charge in light
nuclei, Improvement of Vud

42



@ PRISMA+

Quartz glas detector concept

Cherenkov detector ring consisting of 72 fused silica bars
_ Covering full azimuth 25° - 45° polar angle
- Integrating detector

ercm

—
S
o

— MonteCarlo

Y

Measurement 1

—
N
o

(00]
o
IIIIIIIIIIIIIll]lllllllllllll

Measurement 2

number of Photoelectrons
o
o

ctrosil 2000
60
Highly UV-reflective
aluminium
Light tight vinyl foil 40
20
0 1 ! | l | | | I 1 | ! l | | | I 1 ! 1 l ! ! | I |
60 -40 20 0 P B 60

Angle of electron incidence on quartz [deg]

Extended experimental study
Quartz glas, PMTs, reflector
Radiation hardness

500 h with MAMI beam  *



@ PRISMA+

Test of analogue integrating detector and readout

Run: 14353, Channel: 0
Run: 14351, Channel: 0

;l'::o;;dafm 39135:: 15230 | & 10° == Fit
10* ::::a 0.0220?;216 0;.5?::12 104
10° 10°
10? 102
1 1
0.6 0.7 0.8 -0.05 —-0.045
Channel 0 (V) Channel 0 (V)
. Analogue signal from electrons in quartz Cherenkov, 274pA=1.7 GHz electrons on
detector

. Electronics from U Manitoba
. Response of detector and width as expected

. System is ready to be used in the experiment 44
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P2-Detector response

Number of PMT cathode electrons emitted per event
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Number of PMT cathode electrons emitted per event 46
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