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7 evcarD*  OUTLINE

- What did we learn from XBEAM

WP-5.5 “Polarization” ?

—> Polarization in upcoming
accelerator projects

- The role of polarization
measurement

- Electric Dipole Moments
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Polarization at the low energy scale
(,,small“ accelerators)

* Discovery (strong CP and T violation )
* Precision experiments (weak P violation ) with small scale
accelerators

EUCARD-2 workshop "Search for the electron
EDM in an electrostatic storage ring"

10-11 September 2015

Mainz
https://indico.mitp.uni-mainz.de/event/38/

@ PRISMA ]G‘U


https://indico.mitp.uni-mainz.de/event/38/

Polarization at the high energy scale...
(future BIG projects).

EUCARD-2 workshop "Spin optimization at EuCARD-2 XPOL workshop on

Lepton accelerators" “Polarization Issues in Future
12-13 February 2014 High Energy Circular Colliders”
Mainz 16 April 2016

https://indico.mitp.uni-mainz.de/event/18/ Rome
https://indico.mitp.uni-mainz.de/event/62/
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https://indico.mitp.uni-mainz.de/event/62/
https://indico.mitp.uni-mainz.de/event/62/
https://indico.mitp.uni-mainz.de/event/62/
https://indico.mitp.uni-mainz.de/event/18/

Polarization at the high energy scale...
(future BIG projects).

* Precision measurements at the ILC
1. Polarized positron source technologically challenging
2. Polarization measurement via Compton backscattering
promising (AP/P ~0.1%)
* Precision beam parameters at the FCC-(ee)
-absolute energy calibration (by resonant depolarization) order
AE/E ~ 10-6
* High energy pol. proton beam at the fcc-hh is not completely
impossible (would increase circumference by, only” a few %)
* Fixed Target pol. at LHC or FCC-hh is possible
* LHeC collider arrangement (linac-ring) is feasible with polarized
electron beam

@ PRISMA ]G‘U



Observables in future ]G‘U
accelerator
spin physics

.
7 EUCARD?
\\_/

e Storage ring: EDM (€, JEDI)
- Aiming at discovery of an effect
- FCC-ee: Precision energy calibration for resonance
e Linac: Parity violating electron scattering, e.g. At JLAB, SLAC or
MESA, ILC: Precision measurements
-neutron skins ( PREX, .... ) (program ongoing—> JLAB & MESA)
- weak charge (E166, QWEAK, program ongoing > Moller, P2)
- elctroweak production and precision measurements
at ILC e.g. 350 GeV (tt-threshold)

15.02.2017 6



Observables in NEAR and MEDIUM FUTURE
future accelerator spin physics

 LINAC example : Parity violating electron scattering
- accurate measurement of electro weak mixing angle ,sin?0,,“

@ PRISMA ]G‘U
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=3 4 ~ 5 : 8 - F. Maas, PAVI2014 conf
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,Elastic electron scattering on proton measures 1-4sin?@®,, = small asymmetry , high

sensitivity
e Supressing hadronic contributions favours low momentum transfer and low beam energy
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Challenge: low signal, high accuracy
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The P2 Experiment at MESA q srﬂg

-basic demands

s 10% =
o - Beam energy: 150 MeV
£ o Beam current 150 pA
é’j’ [ Polarization: 85 %
- AP: 0.425 %
| Target length: 60 cm
- Detector acceptance: 20 deg
20— 29.104 Total rate (el e-p): @.1 THz
N+- 10° Asin Bw— 3.2:10 Measurement time: 10000 h
— AR 6.1 ppb
€ = total
= —

10* —

10°
B/deg

150 uA Beamcurrent , 60cm Ig. H2, Beampol: 85%.
10000 h Data-taking (~13-15000 h Runtime)

High accuracy polarization measurement (AP/P=0.5% !!)
Extremely high demands on control of HC-fluctuations!

* Good option at energies > a few GeV is Laser-Compton backscattering with
Potential error ~1073

* Two independent methods seem to be required anyway: Hydro Moller & Double scattering
F. Maas PAVI2014 conf.

@ PRISMA ]G‘U



Observables in NEAR and MEDIUM FUTURE IG‘U
future accelerator spin physics ‘

e Storage ring example: Julich Electric Dipole Moment Investigations
EDM (€R- ,,JEDI“) - Aiming at discovery of effect in
,electrostatic storage ring“

Why is this important?

@ PRISMA ]G‘U



Sensitivity to Rule on Several New Models
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Observables in NEAR and MEDIUM FUTURE ]G‘U

future accelerator spin physics
From A. Lehrachs talk at the EUCARD-2 workshop

Electric Dipole Moments

d: EDM
[i: magnetic moment
both || to spin
H — —ﬁ{? .
T: H = —uo-
P H = —us-

It is important to measure
neutron and proton and deuteron, light
nuclei EDMs in order to disentangle
various sources of CP violation.

EDMs are candidates to solve mystery
of matter-antimatter asymmetry

September 11, 2015 | A. Lehrach Beam and Spin Dynamics




Observables in NEAR and MEDIUM FUTURE ]G‘U
future accelerator spin physics ‘
From A. Lehrachs talk at the EUCARD-2 workshop

Spin Precession with EDM

Equatlnn for spln motion of relativistic particles in storage rings
for ﬁ B = ﬁ E=0.

The spin precession relative to the momentum direction is given by:

dS —_— —
=QxS
Q=— G VX El+—=\E+vxB]J;.
m 2 1 2
\ J \ )
Y
Magnetic DIpD|E Moment Electric Dipole Moment
_" _
G=2"< ] 73
2 2m 2m

Beam and Spin Dynamics




pfreeze _
Momentum \/a
vector =700MeV /c (Proton)

=15MeV/c (Elektron)
=15,3GeV/c (Deuteron)

——  Spin vector
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Observables in NEAR and MEDIUM ]G‘U
FUTURE future accelerator

spin physics
- stat. Sensitivity for EDM detection

Sens = >1

Oepm

* * —
Sens o Pbeam\/ Istored tdec texpg ==

t,.. =decoherence time of beam polarization (>> fill time)
- Sens =R t g\/lstored * NFiII (*)

dec beam “dec

- texp ~ I\IFiIIt

/ I - : N :
goc S |2 - Statistical Quality factor of Polarization analysis:
Beam

Sis called the analyzing power

(*) many challenges of spin physics unitied in one formula!
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Spin coherence time at COSY

10° polarized deuterons at 970 MeV/c, bunched and electron cooled
adjust three arc sextupoles to increase spin coherence time
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- Long SCT for adjusted transverse beam chromaticities

A. Lehrach, FZJ



Signals and systematic errors in ....

e EDM (€P,JEDI)
- spurious polarization occurs

P

y,obs — Py,EDM +P

y,imperfect

- P imperfect @r€ caused by, e.g., horiz B-field
* PV electron scattering
- ,false Asymmetries”

NT-NJ{ 2 !
Aexp N T N \L A[rue +;S|Opep(xp _Xp)

Slope,, = Sensitivity of cross section wrt to beam parameter p

(xg — xt) = helicity correlated fluctuation of parameter p, e.g. beam current

@ PRISMA ]G‘U



Signals and systematic errors in ....

Spurious effects are far too large !

 Example: estimation for EDM precursor experiment at COSY
(non optimized, magnetic ring)

“Rotations of the RF Wien filter by 0.1 mrad or normally distributed

vertical shifts of the quadrupoles with y = 0.1mm introduced signals

mimicking a deuteron EDM of about 5 - 10-19 e cm” (PhD thesis

Rosenthal, Aachen, 2016)

e Example: PV

The Helicity correlated Intensity variation is given by:

 NT-N{ by T
Pop = NT+N{ = A + 2, Slope, (X, = x;) + 1 T +14

p=l

A

) P = Linear Polarization Amplitude, & iz = Dichroizity of Photcathode
) =0.001= A, =1ppm

A, ~ P& s COS(O;

omp

Pin = &r = 0.03,c08(6,

omp
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@ARDz
Beam Requirements for P2Z@MESA

Extrapolation from A4 @210MeV to 10 000h P2:

R
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« beam energy: good!

« Deam position: too large!

« peam current: way to large!

« all uncertainties together must hot exceed 0.1 ppb for P2

Bearn Monitoring and Stabilzation at MESA, J. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017
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Beam Requirements for P2@MESA

« P2@MESA: * active beam stabs:
« PV asymmetry ~0.03 ppm  *digital feedback
» helicity window ~1 ms « feedforward (helicity!)

« Pockels settling time ~10ps

« sensitivity of P2 on beam parameters” (work in progress)
* sub-ppm asym + high lumi requires flexibility:

» feedback + feedforward

« beam rastenng (avoid liqguidH2 boiling) (7)

* beam modulation(?)
« common DAQ) + slow control (machine+experniment)

I ——————————————————
Beam Monitoring and Stabilization at MESA. J. Diefenbach, Mainz University, Tremo PY Workshop 2016

15.02.2017




@*——2

N\ Possible Improvements
tune to 1 harmonic
26 ins(tsead of

13 GHz

(size) halo n:o:eitimrs loss
: (hel corr. beam losses!)

add wavequides? <

{better suppression

of unwanted modes)

-

different
down-conversion?
(see later)

= : 5 diitaleadout Sy
higher bandwidth! g - -
: digital feedback | =
L{readout electronics) digi?al feed forward |

Seam Monitoring and Stabiization at MESA. J. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017




Summary

* BIG projects: requirements well defined
* Mostly feasible, somewhat challenging (pol positron production,

energy calibration in fcc-ee)
* Small and feasible projects in near future: good playground for
,extreme beam control” (,,identical orbits, helicity correlated

fluctuations)

Progress is realized under demand!
- Small projects needed while /if waiting for the larger ones

@ rrisma 15.022017  JG|U 23




Thank you for your attention!




= -.* o0
_//EU—EAnpzThe Hydro Moller proposal
\W, Proceedings IEEE Trans. Nucl. Sc. 51, 1533 (2004)

= 30K

+ measurement is
non-invasive and

+ provides sufficient
statistical accuracy

at the beam current level
of the PV experiment

Storage Cell e —

" NS
o P
" .
. -,
" "

| ~1m |

,Prototype” of atomic trap was donated by UVA/Don Crabb
- Template for cryostate development

ERL workshop, Budker Institute, Novosibirsk 12.09.2013



A completely polarised electron target

Hi: [~ pie;

H,: opposite electron spins i’ﬂ 3 : E
50 F ‘ E
Magnetic field B splits H, ground state Ho.0s — . — !
Low energy High energy 005 | b -
b)=| |4) [d)=[ T+ e a E
a)=| |4)-cos0—| 14)-sing  |c)=| 14)-cos0+| |4)-sing sk
o 0.05 (L .15 ; UC:-I.Z

H;inB=8TatT =300 mK at thermodynamical .
equilibrium: S s F P
3 4L d | E

'n_ = ~ 3.10-16 Stk

ny/n— = exp(—2uB/kT) =~ 3-10 5of . E
Mixing angle tan2¢ ~ 0.05/B(T) °F E
—3 — b -]
mm) At B =8T sinf ~ 0.3% G E — E
Mixture ~53% of |a > and ~47% of |b >: - | T3
Po~1—0,  5~10-, B R e
E(T)

Pp ~ — 0.06 (recombination = ~80%)



A completely polarised electron target

Gas Lifetime in the Cell

Loss of hydrogen atoms from the cell due to:

« Thermal escape through the magnetic field gradient mmm) dominates at T > 0.55 K
« Recombination in the gas volume mm=) negligible up to densities of ~ 1017 cm-3
« Recombination in the cell surface == constant feeding the cell with atomic hydrogen

*-';'l F T T T T T T T T T T :-c;'l F T T T T T T T T T T T T T T
8 - 4 E -
L8] lﬂl_"E_ _5 [ 4] lnl_l'E_
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Ful B 14 B

= = # J & = 3

A 1025 L 148 10%5L ]

o OF 1.F E

o ,F flux 9E+15 19 Lab —  flux 9E+15 7

107 = 10 =

= —  flux JE+15 3 E —  flux JE4+15 3

10%3[ ——  flux 1E+15 4 1%L — flux 1E+15 ]

E B=E. T 3 3 T=0.3 K 3

1 | 1 1 1 | 1 1 1 | 1 1 1 ] i 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0.2 0.4 0.6 0.8 2 4 (3 a8 10
T, K B, T

Requires powerful dilution refrigerator....



/ .rgf}eﬁ:ﬂ!pstat design for P2-Hydro-Modller (V.
“Jioukine with lots of help from Dubna, CERN,

JLAB)

X
L o B

P
EXY)

Crymatet

15.02.2017




Status Hydro Moller

* Challenge: Functionality can only be tested when trap is working!

* Detailled cryostat design accomplished

e Will build 4K precooling stage from available funding

* ~200 k€ for remainig cryostat parts and magnet

e Substantial amount of 3He needed : 50-100 cm”3 Ig. (~200k€ ??)
 Pumping stages for the precooling and the mixing circuit (~¥300k€ ?7?)
* No detection system designed yet!

» Full design report needed for funding request

@ rrisma 15.022017  JG|U 29




The P2 Experiment at MESA q srﬂg

-basic demands

s 10% =
o - Beam energy: 150 MeV
£ o Beam current 150 pA
é’]’ [ Polarization: 85 %
| — AP: 0.425 %
| Target length: 60 cm
- Detector acceptance: 20 deg
20— 29.104 Total rate (el e-p): @.1 THz
N+- 109 = 1 Asin Bw- 3.2:10 Measurement time: 10000 h
— \ DATF: 6.1 ppb
S = total
. [ Statistic
p-Target - .

104 b= polarization

|

ILLELLLL

10°

150 uA Beamcurrent , 60cm Ig. H2, Beampol: 85%.

10000 h Data-taking (~13-15000 h Runtime)

High accuracy polarization measurement (AP/P=0.5% !!)

Extremely high demands on control of HC-fluctuations!

- ~4000h/Year Runtime

— Accelerator must be optimized for reliability& stability

= Count rate several hundred Gigahertz—> Integrating detector + spectrometer

F. Maas PAVI2014 conf.

@ PRISMA ]G‘U



Expanding the MAMI facility by “MESA”

1.6 GeV c.w. electron accelerator “MAMI-C”
in operation since 2007

* Insufficient space (and budget) for
further extension

* no MAMI D project, but
use available space for 100 MeV scale,
high intensity accelerator “MESA”

The MAMI facility will be complemented by
MESA , the Mainz Energy-recovering Superconducting

Accelerator, with dedicated experiments at energies
below or at the pion threshold

@ PRISMA ]G‘U



Expanding the MAMI facility by “MESA” JG|u
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The P2 Experiment at MESA "srﬂg

- detector

Integratmg Cherenkov

i_‘ o §
™ ‘J'f.”» £

Solenoid Spectrometér

F. Maas PAVI2014 conf.

LS
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The P2 Experiment at MESA "SI‘-HE
Beam Dump Experiment (BDX) @ MESA

Electron Scattering on Beam Dump - Collimated pair of Dark Matter particles !

This existing beam dump is going to
be the P2 beam dump

10,000 hours @ 150 pA

— 1023 electrons on target (EOT)

@ PRISMA

JGlu




The P2 Experiment at MESA. “SFH%

False asymmetry control
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A4 Experlment at MAMI — Overview

‘ DAQ \
Moeller

Al) current, 4
Mott AL positiony” S5a0ser) TCP

+anglr
| | ﬂ
==,
Laser g TR

luminosity
Compton

4 polarimeters
(2 absolute + 2 relative)

6 beam parameters
(stabilization+measurement)

pol.
source

ieam Monitoring and Stabilization at MESA, 1. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017
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A4 Achieved Beam Quality

* Ad@MAMI: * active beam stabs:
« PV asymmetry ~5 ppm - analog feedback
« helicity window 20 ms e« comparison to P2
* Pockels settling time 80 ps requirements (see later)
Beam position on target @A4, 204A, 210MeV:
- beam stabilization OFF | beam stabilization ON |
140 | ':3',\‘/_/\'\
m | | MW YA
= 5 minutes - = o minutes g

Beam Monitoring and Stabilization at MESA, J. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017
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A4 Achieved Beam Quality

« MeasuUre beam parameters
« determine sensitivity
for each parameter
« apply correction to result
« differences for helicity states

« Uncertainty in differences means

systematic uncertainty in result
« Ad 210MeV 2300h of beam:

max. 24 ppb vs. Apy=2 ppm

Beam Monitoring and Stabidzation at MESA. J. Diefenbach,

Einlanairy
Fasymmetry A,

By = TIpob
& = T4 pgah

_‘IIII | aann mibh b g
240 ppen
E P ion b= 323 nm
I deferenpt &K == [Tnm

A= 500 ppb
J..L 24 = Tipph

10 pm
' Energy difference B 835 eV
AE %= 00 =
"'luu-:' i Flﬂ:'
AR = 0.1 pphb
- .

100 e¥

15.02.2017
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@ARDz
Beam Requirements for P2Z@MESA

Extrapolation from A4 @210MeV to 10 000h P2:

R
l Lol s = | |_ Trs el e em | |_ N R ]
'; : - | mf
: harzartal af — beamengogy | beam current
E D=8 DOSIR0n =k 3 .
E . - 0.05 ppb 7 10000 h T ——
E U4 Pty J.-\.--:I--'\-'.-I .. ’; ‘E._'FEIIJ i
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« beam energy: good!

« Deam position: too large!

« peam current: way to large!

« all uncertainties together must hot exceed 0.1 ppb for P2

Bearn Monitoring and Stabilzation at MESA, J. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017
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Beam Requirements for P2@MESA

« P2@MESA: * active beam stabs:
« PV asymmetry ~0.03 ppm  *digital feedback
» helicity window ~1 ms « feedforward (helicity!)

« Pockels settling time ~10ps

« sensitivity of P2 on beam parameters” (work in progress)
* sub-ppm asym + high lumi requires flexibility:

» feedback + feedforward

« beam rastenng (avoid liqguidH2 boiling) (7)

* beam modulation(?)
« common DAQ) + slow control (machine+experniment)

I ——————————————————
Beam Monitoring and Stabilization at MESA. J. Diefenbach, Mainz University, Tremo PY Workshop 2016

15.02.2017
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N\ Possible Improvements
tune to 1 harmonic
26 ins(tsead of

13 GHz

(size) halo n:o:eitimrs loss
: (hel corr. beam losses!)

add wavequides? <

{better suppression

of unwanted modes)

-

different
down-conversion?
(see later)

= : 5 diitaleadout Sy
higher bandwidth! g - -
: digital feedback | =
L{readout electronics) digi?al feed forward |

Seam Monitoring and Stabiization at MESA. J. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017




G}:\Anoz
~ First digital beam stabilization tests for P2

with 180MeV @ MAM]

« Using RedPitaya internal PID blocks (used only PI)!
« Nnot ';et ﬂptm’nzed transfer functions!

" B L o - SR RS Y i BRI R Rt TR R LD

| “|-|||| ||| I| ||||||l|| i |||J |l||| ||| fj r '-:_:

T AT, I \ i | STAEB OFF
FI“II!-' [ Ii||| I|||-|.| II|| i|I|||||||.II;|I '1| :||I;||II||:"I|| -
- STAB OFF :

n
e (LS [ " v - . ol e = L -
wlleT TH

Bl (o hee D R W SRR P N Serre s rwr—— b s B [ e o L

STAB ON

. -50dB @50Hz, -50 dB @100kiz, -20dB @1000Hz o
(BA/MAMI: -40dB@50Hz) PhD thesis Ruth Herbertz

Searn Monitoring and Stabilzation at MESA. J. Diefenbach, Mainz Unieersity, Tremo PY Workshop 2016

15.02.2017




The role of Polarization measurement
- accuracy and efficiency

Storage ring experiment : efficiency matters!

1

— * * — *
Sens = o oC Pbeam\/l stored tdec texpg - IDbeamtDec \/I stored N Fill €
EDM

t,.. =decoherence time of beam polarization (>> fill time)
& =EDM: Statistical Quality factor of Polarization analysis:

- Strong interaction polarization analysis by single spin asymmetry

is at least two orders of magnitude more ffective than electromagnetic —

disadvantage for lepton EDM rings!

- Possibility to use Stern Gerlach forces in superconicting cavity (R. Talman)
to detect spin precession non invasively would reverse this argument...

(new idea, not tested in practice)

@ PRISMA 15.02.2017 ]G‘U 43




The role of Polarization measurement
- accuracv and efficiencv

Pioneening ;
Giranagpe Form Factor [1998-2003) ""-'a!:fll{l
S Siecry (20032 ()5
ILab 2010-2012

& =

Fuiure

i
L=
[
LR N NN

APHYS o P

Beam

AP . .
= ? contributes to to systematicerror,

in particular if % is small

IIIII 1 1 IIIIIII 1 L1 IIIIII 1 1 IIIIIII 1 L1 IIIIII
107 10° 10" 10 10®  S. Baunack

Apy PAVI 2016

1D"||:l il Lol
10°
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A4 Experlment at MAMI — Overview

‘ DAQ \
Moeller

Al) current, 4
Mott AL positiony” S5a0ser) TCP

+anglr
| | ﬂ
==,
Laser g TR

luminosity
Compton

4 polarimeters
(2 absolute + 2 relative)

6 beam parameters
(stabilization+measurement)

pol.
source

ieam Monitoring and Stabilization at MESA, 1. Diefenbach, Mainz University, Trento PV Workshop 2016

15.02.2017




The role of Polarization measurement
- accuracy and efficiency

At lepton energies >> 1GeV : Laser Compton Scattering is a useful tool,
- can achieve Accuacies well below 1% (SLAC,JLAB)

- Experiments with enrgies below 1GeV require improvement of new techniques

- Standard Moller or Mott ca be improved to below 1%

- New techniques for P2: ,, Hydro-Moéller” and Double scattering Mott may achieve
<0.5%.

@ PRISMA 15.02.2017 ]G‘U 46




Present set-up of DSP at PKA2

100 keV Source

Scanner

@ PRISMA 15.02.2017 ]G‘U 47



Inside the scattering chamber...

Polarisation Monitor
counters counters

Primary Secondary
target target

@ PRISMA 15.02.2017 ]G‘U



Double scattering (Kesslers Method)

Afterscattering of unpolarize d beam :

P, =S

(Equality of polarizingand AnalyzingPower :)
Aftersecond "identical" scattering process

Aup = S %er

with great effort to elliminate

apparativeasymmetries and to provide'identical’ scattering)
the claimed accuracy in S is < 0.3%!

A. Gellrich and J.Kessler
PRA 43 204 (1991)



Kessler/HopsterAbraham/Kessler Method

1.) measurement : Pol beam on second target
A =S et P,

2.) with 'auxiliary target':S;; +P,

A, =R Sy = i_%ﬁseff

a = Depolarization factor for first Target
3.with'auxiliary target':S.;;-P,

Ay =P Sy = iT__TTa;:?Seﬁ

4. unpolarized beam on aux. target

A, =S;S

5.Scattering asy mmetryfrom auxiliary target
A = RSy

5 equations with four unknowns—>
consistency check for apparative asymmetries!

. . S. Mayer et al
(o)
— Results achieved by Kessler were consistent <0.3% Rev. Sci. Instrum. 64 952 (1993)
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5 equations with four unknowns—>
consistency check for apparative asymmetries!
. . S. Mayer et al
(o)
= Results achieved by Kessler were consistent <0.4% Rev. SCi. Instrum. 64 952 (1993)
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Supplementary transparencies




MESA in old/new building structure

=hall number

NEW (u-CFP)

P2 Experiment: external beam, 155 Me

0,15mA, spin-polarized

 MAGIX experiment: ERL beam, internal target
>1mA beam current.

e Additional experiments possible: BdX and ,Hall-4“



Present set-up of DSP at PKA2

100 keV Source

DSP beamline

Scanner

@ PRISMA 15.02.2017 ]G‘U 55



Present set-up of DSP at PKA2

Wien-filter

@ PRISMA 15.02.2017 ]G‘U 56




Eliminationof apparative asymmetries (when
spin cannot be flipped)

* Rotating counters to eliminate efficienciy differences
* Monitor counters to measure false asymmetries (solid angles, scattering angle)

Caveat: a zero asymmetry of monitor countors may be result of compensation between
changes of solid angle and scattering angle due to misalignement!

Gellrich, Jost, Kessler: Rev. Sci. Imstrum. 61, 3300 (1990)




Elimination of apparative asymmetries
(when spin cannot be flipped)

* It can be shown that the false asymmetry of the MONITOR counters is proportional
to the false asymmetry measured in the POLARISATION counters IF AND ONLY IF

hm _ cosOm — 2[E(Om)] *sin Om
ho  cos®p — 2[E(B,)] tsin©,

(Rev. Sci. Insorum. 61{11) 1990 p.3300)
C iy

Gellrich, Jost, Kessler: Rev. Sci. Instrum. 61, 3300 (1990)

PRISMA 15.02.2017 ]G‘U 58



The Hydro Moller-general remarks JG|U

e internal target” with complete (>99.99% )electronic polarization
* Thin target = online capability

e But thick enough to prvide frequent polarization measurements
* Expected accuracy AP/P <0.5%
* Technologically demanding

@ PRISMA ]G‘U



Full Assembly of MELBA planed until early 2017

,Start to end” Simulation predicts for 100keV beam:
-Compatibility with spin rotation
- Sufficient beam quality

for injection into MAMBO
with 1pC bunches (=1,3mA)

At the end of MELBA:

N
3408

-4% g 320

C. Matrejcek

% ams N % | Apaus in ° | ez pus in °keV ax | Bxinm | examsainum | ax | Bxinm | €, pus,p in pm
17 | 13 1576 65| 46 | 0419 | 122| 387 | 0386

@ PRISMA

JGlu




Assembly of MELBA (MEsa Low Energy Beam Apparatus) in 2016

Blue ray disc laser and longitudinal diagnostics
already tested....

dc beam

1. Alexander

Longitudinal diagnostics at
Bunch charges corresponding to
> 1mA average current

@ PRISMA ]G‘U



The P2 experiment at MESA
@ New Physics in the running

0.245

0.24

0.235

=1 |.7 | I - atron
0.23 _— SLD
+ [ sin? 6y (Q)
| F CMS 1
’ : ‘ 0225 B Ll Lol Lol Lol Laovannl Lol Lol " ..h.S:
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Q [GeV]
|

- N. Berger

@ PRISMA

JGlu




— Re[_]z - Avg. (Model 1,1I)

— Re[lzxA(]2)

|
QWEAK (E = 1.165 GeV)




Beam test of MELBA and “50%” MAMBO
planed until end 2018

/

-
/’/
—

* First two sections of MAMBO will be installed. =22.5 MeV , full relativistic“ beam
* 1300 MHz Rf power generated by solid state amplifiers with up to 80kW c.w.
e Beam current >1mA can be tested

@ PRISMA

JGlu




MEEK (Mesa Elbe Enhanced Kryomodules)

Kavitdt 2
(mit Heliumtank)
Kavitat 1 :
>hne Heliumtank)

rsienerd Installation at ELBE
J. Teichert et al. NIMA 557 (2006) 239

* Design Gradient 13MV/m at Q,=1.5*101°

* 2 Cryomodules with four cavities will yield 50MeV energy gain/turn

 ,Enhancements”: -faster tuner and improved HOM capabilities for higher current

* Under fabrication at Rl Instruments Bergisch Gladbach

» Delivery date for the two modules and April/June 2017

* Performance tests at new ,HIM experimental hall

@ PRISMA ]G‘U



MEEK Cryomodules
-preparing for the test phase

,Helmholtz Institut Mainz“ (HIM) will by ready for operation this summer....

Test bunker for SRF cryomodules Experimental Hall

01 June 2016

He: Lg. Helium supply line from liquifier in nuclear physics institute: >50l/hour through 220 m
long pipe demonstrated. P: 4g/s pump stage at 16mbar is presently being ordered.
I: Instrumenttion platform, C: Clean room for cryomodule maintenance

@ PRISMA ]G‘U



Experiments at MESA

Mode 1:
Mode 2: ERL Extracted Beam

Internal Target P2 Experiment
MAGIX Experiment

http://www.prisma.uni-mainz.de/1795.php#imagefilm

@ PRISMA JG|U



@ PRISMA

Highlights and roadmap from
EuCARD-2 XPOL

Kurt Aulenbacher




Content XPOL

Deliverables: One workshop per year
So far three workshops took place:
-12-30 participants..

General remark: Spin at accelerators is a “fundamental”
science issue.

- particle physics meets accelerator people..perhaps
more directly than in other cases...

-But: Almost no applied Physics yet
(= small community!)

@ PRISMA ]G‘U



XPOL workshop
Spin optimization at Lepton accelerators
(Mainz, February, 12-13 2014)

23 Participants: -national research centers (DESY,BNL)

& - Many german universities (Bonn, Heidelberg, Munich, Mainz, )

Highlights: high energy circular proton machines, polarized positron source , “Spin
at work” (in linear collider)
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Highlights: high energy circular proton machines, polarized positron source , “Spin
at work” (in linear collider)




IL C Machine Overview

Ring to Main Linac
(RTML)
(inc.

e  Main Linac

not to scale
G Scheme | © www.lorm-one.de

Eucard@Mainz 2/2014

_—

_ _ Polarised
Damping Rings  glectron source
/'/7,
/'//7/
,,\\//

Beam Delivery e* Main Linac

olarised System (BDS) e
positron & physics
source detectors o./o, - 474nm/6nm

Luminosity - 2x103%4 cm2s"!
Polarisation (e-/e+) - 80% / 30%
Gudrid Moortaat-Pick






ILC Parameters

Canrre-of-mass energy Ecy G 200 230 250 350 GOD

Lumincsity pulse repetition rate Hz & & & & 5

Positron production mode 10Hz 10Hz 10Hz nom. nom.

Estimatad AC power Pac MW 114 119 122 121 163

Bunch population N =109 2 2 2 2 2 G

Mumber of bunches ng 1312 1312 1312 1312 1312

Linac bunch interval Ady ns 554 554 584 EE4  ER4 . .

RMS bunch length o= um 10 300 300 300 300 (Polarized) Positron
Mormalized horizontal emitrance at IP Ter pm 10 10 10 10 10 .
Mormalized verical emirtance ar IP qe,  AM 3 3/ 3J/ 3/ 3} Bunch population not
Horizonral bera funcrion at IP B mim 16 14 13 16 11

Vartical beta funcrion ar IP Ay mm 034 038 041 034 048 Completely safe...
RMS horizontal beam size ar IP al nm 904 TEO T2  BB4  4T4

RMS vartical beam siz= ar [P ay nm B 7.7 77T 540 59

Vartical disruprion parameter 1 E 243 M5 ML 243 e

Fracrional RMS energy boss 1o beamsorahlung 4z % 065 QB3 007 16 4%

Luminasity L *10M em-2g-1 05 Q067 075 10 18

Fracrion of L in top 1% Ecar Lomm % 01 B9 BT 7 5B

Electron polarizazion P % BO BO B0 B0 B0

Positron polarisazion P, % 1 B  n €

Electron relative energy spread ar IP Apfp % 020 019 019 016 013
Positron relarive energy spread ar [P Apfp % 01 017 015 010 007




Photon

collimator Pre-accelerator
(pol. upgrade) (125-400 MeV)
aux. source (500 MeV) | Target ‘ SCRF booster
| 3 '@ TR " Flux concentrator (0.4-5 GeV)
8 I | 1
\ v
150-250 GeV VIR N
e- beam —=_' o - W
SC helical undulator photon
Capture RF s dump
(125 MeV) |
e- dump

s 150-250 GeV
e- beam o BDS

Positron source is located at the end of the electron linac
required positron yield Y = 1.5 e+/e-

to Damping Ring

/

Energy

V4
. 4 comp. RF
4 -——Spin rotation
solenoid

Superconducting helical undulator — 231m maximum active length

—> positron beam is polarized

Photon-Collimator to increase e+ pol
Removes part of photon beam with lower polarization

e+ Production Target, 400m downstream the undulator
Positron Capture: OMD (Optical Matching Device)
Pulsed flux concentrator



Positron Target

Material: Titanium alloy Ti-6%AIl-4%V
Thickness: 0.4 X,(1.4 cm)
Incident photon spot size on target: ¢ ~2 mm (rms) (Ee- = 150GeV)
~ 1.2 mm (Ee- = 250GeV)
Power deposition in target: TDR 5-7% (~4kW)
small beam size <> high peak energy density
gesrﬁ)é?tning wheel to avoid damage due to high energy deposition
>y 2000 r.p.m. (100m/s)
» Diameter: 1m
» Wheelisin vacuum
» water-cooled

Potential problems

» Stress waves due to cyclic heat load
< target lifetime

High peak energy deposition
Eddy currents

rotating vacuum seals _ o _
to be confirmed suitable (design and prototyping is ~ongoing)

vvyy

@ PRISMA EuCARD Workshop, Mainz 2014



Positron Target

,EUCARD SPIN-OFF“: POSITAR Experiment

,MIMIC“ impact of photon beam by ionization loss due to focussed electron beam at several
MeV. High repetition rate possible at c.w. electron accelerators.

- 1 day of operation at MAMI mimicks 1 year operation at the ILC.

(first experiment on Titanium alloy 2/2016)

@ PRISMA EuCARD Workshop, Mainz 2014



XPOL workshop
Search for the electron EDM in an electrostatic storage ring.
Mainz, September 10-11 2015

Participants: 27 Particle physics meets storage ring! (No collider!)
US (BNL, CORNELL), Korea (CAPP), Germany (COSY-Julich), Italy (Ferrara),
Russia (Dubna),

Highlights: Spin coherence, non-invasive effective polarimetry, Particle physics
without collisions!



Electric Dipole Moment=EDM
EDM’s imply CP-violation (bigger than present standard model)

- So far only effective experiments with NEUTRAL (composite) systems
(exception: neutron)

—> Storage rings allow for measurement on truely elementary systems (p, e, u,... )

- Electric



Electric Dipole Moments

d: EDM

fi: magnetic moment

both || to spin
T: H = —us B+da-
P: H = —ué-B+ds-

It is important to measure
neutron and proton and deuteron, light Assuming CPT is invariant,
nuclei EDMs in order to disentangle this implies that
various sources of CP violation. L
CP is violated too...

EDMs are candidates to solve mystery
of matter-antimatter asymmetry

September 11, 2015 | A. Lehrach Beam and Spin Dynamics 3



Sensitivity to Rule

on Several New Models

—10%° Electro- Gray: Neutron
= i magnetic Red: Electron
S . .
2! neutron: e o%ond it could explain
- ° 3
o nesli n, °H
g § \
ncurrent 3 | electron: l_l
e current g _ § ggj
o 3
n target '%'TOQE """"""""""""" : 3
~
p, d target ==d==mdmemmmcemmcemn e n e a e anae -’
230 30
e target -—=r——————T——T——rib-
1960 1970 1980 1990 2(1)0_
-107
» Statistics limited
Electron EDM new physics reach: 1-3 TeV -10™" Standard
Model
-36
Much higher physics reach - 10 )
than LHC; complementary :10_38
e-cm

J.M.Pendlebury and E.A. Hinds, NIMA 440 (2000) 471



Spin coherence time at COSY

10° polarized deuterons at 970 MeV/c, bunched and electron cooled
adjust three arc sextupoles to increase spin coherence time

o
o
r.n

i+l’ \ 0.“'

| ‘\ Ty ’é +++ﬁ+ ﬁ#* +¢++W+WM
i +++++ + ﬁ#
W‘ . ?Mﬁmﬁ#fq
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MXG sextupole strength [m]

- Long SCT for adjusted transverse beam chromaticities

A. Lehrach, FZJ



at the magic momentum

=0.7 GeV/c

m

=T

Momentum
vector

——  Spin vector

83



Signal can be mimicked by radial magnetic fields
- eliminate those by all electric ring operagting at ,magic“ momentum
(,frozen spin“ points always in direction of motion)

_ Mg

Ja
a, =1/800= p, =14,8 MeV/c

a,=179= p,=747MeV /c
ap, =-014=7

Hadrons promise easier success, but require much more expensive ring
Problem with electron: efficiency of Polarimetry.

Way out: Transfre from intensity to frequency measurement (Talman)



9 E D M M easuremen t R | N g (passive) resonant polarimeters

A wheel left—right wheel-upright
Yo stabilize sensor stabilize sensor
4« 'R roll rate resonator
rolling P'Dlﬂi"'lﬂ“']ﬂ /2 upper  lower upper  lower upper  lower

"Spin wheel” sideband sideband sideband sideband sideband sideband
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scaler scaler

Controlled temperature, vibration free,
rigidly constructed, magnetic shielded

Wien filters
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_____________ 1 W"
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' — : v
: polarity reversal : " “
' roll rate | i solenc
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XPOL workshop
Polarization issues in future high energy circular colliders
Rome, April 16 2015

14 Particpants
(China, Germany, Japan,
Switzerland, Russia, US,)

Small, but extremely
intense meeting with vivid
Discussions...

Highlights: Vertical polarization
In fcc-ee = energy calibration
(Ginafelice, Hillert, Koop,

Fcc-hh: polarization
not hopeless (Ptytsin) internal
Target also (Lenisa)

Again ,polarimetry is the key...






Beam Polarimetry is the key issue for several project in acclerator based research

fcc-ee energy calibration

eEDM determination (,,Resonant polarimter®)

Highly accurate polarimeters for precision observables
(Hydro Moller completely polarized internal target, double scattering, )



