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ACME 2 - ACM

Improvement Signal gain EDM sensitivity gain

Statistical sensitivity: Longer precession time 0.45 3.1
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« MUSE (MUon Science Establishment) in the MLF
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Expected sensitivity

« 250HE DT — X EWiS3 TEDMIZ1.5% 1021 e cm (g-213£450ppb TFNAL
Run 1, BNL&E O3> /¥7)

Estimation

Total number of muons in the storage magnet

Total number of reconstructed e¢™ in the energy window [200, 275 MeV]

Eftective analyzing power

Statistical uncertainty on w, [ppb]

Uncertainties on a,, [ppb] 450 (stat.)
< 70 (syst.)

Uncertainties on EDM [1072! e-cm] 1.5 (stat.)
(036 (syst)
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= CP violation in tau decay (BaBar)
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* Quark (Color) confinement:
« Unique property of the strong interaction
« Consequence of nonlinear gluon self-interactions

« Strong Quark-Gluon Interactions:

* Confined motion of quarks and gluons — Transverse Momentum Dependent Parton
Distributions (TMDs)

» Confined spatial correlations of quark and gluon distributions -- Generalized Parton
Distributions (GPDs)
» Ultra-dense color (gluon) fields in all nucleons and nuclei?

« Runaway growth in gluon number is tamed by existing mechanisms in QCD: Is there
a universal many-body structure due to ultra-dense color fields at the core of all
hadrons and nuclei?

LHC/RHIC/CBAF & EIC are all essential for the deeper understanding of QCD
Along with theoretical advances in QCD, Lattice QCD methods

\' 1
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—

il Abhay | e



i ‘ ¢ EIC Physics at-a-Glance

How are the sea quarks and gluons, and their spins, distributed in
space and momentum inside the nucleon?

How do the nucleon properties (mass & spin) emerge from their
interactions?

How do color-charged quarks and gluons, and colorless jets, interact

o f he with a nuclear medium?
>'W“ v How do the confined hadronic states emerge from these quarks and

e gluons?
How do the quark-gluon interactions create nuclear binding?




h‘f\"j" EIC Physics at-a-Glance

How are the sea quarks and gluons, and their spins, distributed in
space and momentum inside the nucleon?

How do the nucleon properties (mass & spin) emerge from their
interactions?

How do color-charged quarks and gluons, and colorless jets, interact

o f he with a nuclear medium?
>'W“ v How do the confined hadronic states emerge from these quarks and

e gluons?
How do the quark-gluon interactions create nuclear binding?

How does a dense nuclear environment affect the quarks v A
and gluons, their correlations, and their interactions? @

What happens to the gluon density in nuclei? Does it gluon : gluon

saturate at high energy, giving rise to a gluonic matter with emission recombination
universal properties in all nuclei, even the proton? Oﬂwﬁi’:
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QCD at high resolution (Q% —weakly correlated quarks and gluons are well-described
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QCD at high resolution (Q% —weakly correlated quarks and gluons are well-described
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NAS Consensus: EIC science compelling, fundamental, and timely
July 26, 2018

Finding 1: An EIC can uniquely address three profound questions about nucleons—neutrons and
protons—and how they are assembled to form the nuclei of atoms:

How does the mass of the nucleon arise?
How does the spin of the nucleon arise?
What are the em*ergent properties of dense systems of gluons?

Finding 2: These three high-priority science questions can be answered by an EIC with highly
polarized beams of electrons and ions, with sufficiently high luminosity and variable, center-of-mass
energy.




National Academy's Assessment

Machine Design Parameters:

i ' - 33_4 (N34 S, P
T el High luminosity: up to 10°°-10°* cm“4sec
P ERSCIENCE a factor ~100-1000 times HERA

Broad range in centgr-of—mass energy. ~20-100 GeV
upgradable to 140 GeV

Polarized beams e-, p, and light ion beams with flexible
spin patterns/orientation

Broad range in hadron species: protons.... Uranium

Up to two detectors well-integrated detector(s) into the
machine lattice

k
coff Iling, fundamental

and timely




Project Organization

(Y
BROOKHAVEN NATIONAL LABORATORY Electron lon Collider Council
D. Gibbs | D. Gibbs, Chair
Laboratory Director

R. Tribble J. Anderson
Deputy Director for Science & Technology = Deputy Director for Operations ll»—

|
ELECTRON-ION COLLIDER PROJECT

). Yeck (BNL), Project Director

| Project Advisory Committee
T. Glasmacher, Chair

Chair & V. Chair of EIC F. Willeke (BNL), Deputy Project Director and Technical Director Detector Advisory Committee
Users Group o | | E. Kinney, Chair
R. Ent (7)), Co-Associate Director for  A. Lung (TJ), Deputy Project Director
the Experimental Program for TINAF Partnership
E. Aschenauer (BNL), Co-Associate  A. Seryi (TJ), Associate Director for | | Machine Advisory Committee
" e Director for the Experimental Accelerator Systems & T. Raubenheimer, Chair
A EIC Scm' TREE . Program International Partnership

D. Hatton (BNL), Project Manager

Ilnteraction Regions and| ‘ Arralaratar Ciinnart



The US Electron lon Collider

Hadrons up to 275 GeV

» Existing RHIC complex: Storage (Yellow), injectors
(source, booster, AGS)

» Need few modifications

» RHIC beam parameters fairly close to those
required for EIC@BNL

Electrons up to 18 GeV

» Storage ring, provides the range sqrt(s) = 20-140
GeV. Beam current limited by RF power of 10 MW

» Electron beam with variable spin pattern (s)
accelerated in on-energy, spin transparent injector

. (Rapid-Cycling-Synchrotron) with 1-2 Hz cycle

X frequency

_ : sx . » Polarized e-source and a 400 MeV s-band injector
% Electron storage ring with frequent injection LINAC in the existing tunnel

of fresh polarized electron bunches
** Hadron storage ring with strong cooling or
frequent injection of hadron bunches

Design optimized to reach 10%4 cm2sec



10 Current polarized DIS ep data

; o CERN A DESY ¢JLab-6 0 SLAC JLab-12 vy vy vy evvvvevvw
- Current polarized RHIC pp data: A o °
ol <PHENXs® +STAR tit W boson For e-N collisions at the EIC:
— 2 v Polarized beams: e, p, d/°*He
g i g v Variable center of mass energy
‘ v' Wide Q2 range > evolution

v' Wide x range = spanning valence to low-x physics

107 Measurements with A =56 (Fe)
1 © e @eA/uA DIS (E-139, E-665, EMC, NMC)
X - = vADIS (CCFR, CDHSW, CHORUS, NuTeV) .~
For e-A collisions at the EIC: | © OviET2Eey
v’ Wide range in nuclei _ | P
v Luminosity per nucleon same as e-p E g e o m\
: v' Variable center of mass energy o e iy

v" Wide x range (evolution)

» pt_'fl."lbd[lyl}‘;."\‘-

v" Wide x region (reach high gluon densities)
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EIC
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The EIC Users Group: EICUG.ORG

Formally established in 2016, now we have:
~1300 Ph.D. Members from 34 countries, 254 institutions
New members welcome

+

Map of institution’s locations
EIC Institutional Board

m North America mAsia w Europe M Africa » South America



The EIC Users Group: EICUG.ORG

Formally established in 2016, now we have:
~1300 Ph.D. Members from 34 countries, 254 institutions
New members welcome

Map of institution’s locations

EICUG Structures in place and active:
EIC UG Steering Committee, Institutional Board, Speaker’s

Committee, Election & Nominations Committee

Year long workshops: Yellow Reports for detector design

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL
(2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020),
Remote (2021), Warsaw (2022)
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®m North America mAsia = Europe mAfrica » South America » Oceania

EICUG Structures in place and active:
EIC UG Steering Committee, Institutional Board, Speaker’s

Committee, Election & Nominations Committee

Year long workshops: Yellow Reports for detector design

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL
(2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020),
Remote (2021), Warsaw (2022)




Physics @ the US EIC beyond the EIC’s core science

Of HEP/LHC-HI interest to Snowmass 2021 (EF 05, 06, and 07 and possibly also EF 04)

New Studies with proton or neutron target:
Impact of precision measurements of unpolarized PDFs at high x/Q?, on LHC-Upgrade results(?)
What role would TMDs in e-p play in W-Production at LHC? Gluon TMDs at low-x!
Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi of HERA
Does polarization of play a role (in all or many of these?)
Physics with nucleons and nuclear targets:
Quark Exotica: 4,5,6 quark systems...? Much interest after recent LHCb led results.
Physic of and with jets with EIC as a precision QCD machine:
Internal structure of jets : novel new observables, energy variability, polarization, beam species
Entanglement, entropy, connections to fragmentation, hadronization and confinement
Studies with jets: Jet propagation in nuclei... energy loss in cold QCD medium
Connection to p-A, d-A, A-A at RHIC and LHC
Polarized light nuclei in the EIC
Precision electroweak and BSM physics:



Led by EICUG Steering Committee,
with R. Ent & T. Ullrich as point people
for the effort, initiated a UG-wide effort
towards a detector design effort with a
detailed document.

Kick off meeting at MIT in December
2019 followed by 4 more meetings in
2020 all remote: Philadelphia, Pavia,
Miami, Washington DC, Berkeley

December 2019 — March 2021
E|ICUG Yellow Report
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EIC Project planning & path forward

EIC project
EIC will have the technical capacity to host two interactions regions with detectors.
EIC project scope includes the machine and (funds for significant part of) 1 detector, .
Ways to make the 2" detector/IR possible are being explored.

Call for detector proposals was jointly issued by BNL/JLab in March 2021
Due date : December 1, 2021

Independent external committee appointed by the Lab Managements will evaluate
and advise the Labs and EIC project

Under all circumstances: ALL Users will be accommodated

Currently 3 detector proto-proposals (ATHENA, ECCE & CORE) and a White Paper
for a dedicated IR/detector for lower CM Energy are being prepared




Call for detector proposals

Detector 1 (D1) : within the scope of the EIC project

Will cover most but not all acquisitions
k

Detector 2 (D2): not within the scope of the EIC project



Call for detector proposals

Detector 1 (D1) : within the scope of the EIC project
Will cover most but not all acquisitions 7 .;:","_‘
Must satisfy EIC “mission need” = Physics of EIC White Paper “blessed” by the NAY/// -
Design should be compatible with accelerator & interaction region layout in CDR
Completion mandatory by CD4A -- @ beginning accelerator operation

Detector 2 (D2): not within the scope of the EIC project
How to realize it are being explored -
Focus on specific topic within EIC WP or (and) science beyond the EICWP & NAS O
IR should be consistent with machine design in CDR, but modified IR design possible

Detector should be ready by CD4 — about 2 years later

BNL-EIC

| vor
\ P
Elactron S -
Injector (RCS)

Siting location of D1 and D2 between IP6 and IP8 is left open, with the caveat that the EIC
project has so far assumed D1kwill go to IP6



Proposal Advisory Panel : membership & charge

(Note: proto-collaborations should not engage in unsolicited communication with the Panel)

Patty McBride, co-chair

FNAL

Rolf Heuer, co-chair

Former CERN Director General

Sergio Bertolucci

University of Bologna and INFN

Daniela Bortoletto

Oxford

Markus Diehl DESY

Ed Kinney U. Colorado
Fabienne Kunne Paris-Saclay
Andy Lankford UC Irvine
Naohito Saito KEK

E?rigitte Vachon McGill

Tom Ludlam, Scientific Secretary | BNL

Evaluation of the science addressed
and estimated performance, risk,
cost, and schedule for the
proposed experiment.

The EIC Project Detector Advisory
Committee (DAC) will be asked to
provide input to the Panel on
detector technology, design
choices, risk, cost, schedule, and
collaboration strength.

Panel will advise BNL, JLab, and the
EIC project leadership on how to
realize an optimal set oft
experimental equipment at the EIC.



Summary: Challenging but EXCITING times ahead

Electron lon Collider: Enthusiastically supported by NAS & 1300+ (growing) users, 254
institutions and 34 countries

EIC Project moving full steam ahead: machine and detectors

International partners are significant component of the success: Actively seeking partners
EIC Detector: unique in its demanding : IR integration
Emerging international detector collaboration(s) will realize EIC Science in early 2030’s

EIC and Japan: Personal perspective

The US Japan Collaboration & RIKEN-BNL Research Center (RBRC): critical pillars of US-
Japan collaborations since 1990’s. : Excellent science & superb scientists came out of those

Successful legacy of international collaboration could easily be extended for another 20 years
with Japanese involvement (and leadership) in the EIC.

Abundant opportunities exist for such collaboration.



EYrE

The ECCE Proposal for
an EIC Detector rl_;;
PN

John Lajoie
lowa State University
for the ECCE Consortium
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Designin
Scientist from (& buigldingl) To deliver on EIC

80 institutions science mission
a detector
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The Science QCCQ

* Detector 1 should be based on the “reference” detector described by the
EIC User Group (EICUG) in the Yellow Report (YR) and CDR
* Must address the EIC White Paper and NAS Report science case

* The collaboration should propose a system that meets the performance
requirements described in the EIC CDR and EICUG YR

* The design should be compatible with that of the accelerator and interaction region !
layout of the CDR

* Completion of detector construction must be achieved by Critical Decision CD-4a3, { g
the start of EIC accelerator operations. all John Lajoie | o

* Detector 2 could be a complementary detector that may focus on
optimizing particular science topics or address science topics beyond
those described in the White Paper and the National Academies of
Science (NAS) 2018 report

 Completion at Critical Decision (CD)-4
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g
,-a-g' |

e

\?j A L ~
W ER D S P




friE{fE 2w Jonn Lajolel) 55 5%

ECCE 101 LS

ECCE is 80 institutions collaborating to design an EIC detector offering full kinematic
coverage and an optimized far forward detector system

EIC Comprehensive
. ECCE will submit a proposal to be the EIC project detector (“Detector 1”), which will
ChrOmOdynamlcs address the complete science program outlined in the NAS and Yellow Reports

" x mj 18 -
Experiment * ( Nz”ﬂi )
g —J '
ECCE is investigating a design which incorporates the existing 1.5T BaBar magnet, H 1 VE.
which will help reduce cost and risk, to allow it to be ready for first EIC operations » e
(CD"4a) t i \\\ ‘e

411l John Lajoie

ECCE is fully supportive of two detectors at the EIC, in both IP6 and IP8, to maximize
the scientific output of the EIC. ECCE is also investigating key science measurements
in either IP6 with 25 mrad crossing angle, or IP8 with 35 mrad

ECCE is open to everyone in the community to participate, even if they wish to
contribute to other proposals.

i

R
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QCCQ Armenia Canada Chile Croatia
Consortium | y Czechia

80 Institutions | France
g Germany

High engagement from | 5 )
all collaborating Il India
institutions! I /.

Japan

41l John Lajoie

Scotland
Graduate U. Se negal
70% .
Slovenia

England

courtesy of Or Hen

1 ~ 4
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M B H S AL PaR 0 & 341 % (8] K7



Revl - PowerPoint

friE{fE 2w Jonn Lajolel) 55 5%

ECCE Consortium Structure

EIC Project POC

HP RS

Website:

https://www.ecce-eic.org/

Mailing Lists:

BOMER an) Institutional Board
ECCE Steering Committee
: It Or Hen (MIT)
Computing Team g Tanja Horn (CUA)
grisgaLno Fanelli (JNLﬂTb) i John Lajoie (ISU) Diversity, Equity and
avid Lawrence (JLa i 9 :
( ) N\ e \ Inclusion
: 5 \ N ~  Narbe Kalantarians (VUU, co-chair)
.Qognnﬁgatl'{:g"zgzzkmg—c' roups. NG Christine Nattrass (UTK, co-chair)
William Phelps (CNU/JLab) Simonetta Liuti (UVA)
e  Computing and Software . e Elena Long (UNH)
Joe Osborn (ORNL) Physics Benchmarks
Team
Deteptor Team Carlos Munoz-Camacho
Doug Higinbotham (JLab) (IJCLab-Orsay) Editorial Team
Ken Read (ORNL) Rosi Reed (Lehigh U.) Tom Cormier (ORNL)
. ) Richard Milner (MIT)
Detector Working Groups: Physics Working Groups: Peter Steinberg (BNL)
Simulations
e |P8/Equipment Re-use o zaﬁiﬁk? ID _— ' C:lam:fon' Dean (LANL), Jin Huang (BNL)
John Haggerty (BNL) reg Kalicy ( , . Inclusive Processes . . . -
e  Far Forward/Far Backward® e Tyler Kutz (MIT), Claire Gwenlan (Oxford) Editorial Working Groups:
Michael Murray (KU), klilggf::lf:igb e  Semi-Inclusive . Proposal Editing, Verification and
-‘;—ujl (‘;(qto (RIKEN), Igor Korover (MIT) Boeany Rajput-Gh;'shal (JLab) E:If E?.c:in?il (RIKEN), Charlotte Van Hulse (Orsay) Version Control
L ] racxing L] xclusive i
::an Li (LL_ANLL i » ?::Eé Elﬁ::’( ‘,’g';s’ Readout Rachel Montgomery (Glasgow), Julie Roche (OU) % EeNgRG ManapE N
anga Liyanage ’ Diffractive and Taggin
o  Calorimetry . Martin Purschke (BNL) * W::nlianngi (WaAM), Agxgc: Sgchmid! (GWU)
‘Fs:';ﬁ;kl'j )Bock (ORNL), Yongsun Kim ° Jets and Heavy Flavor

*Alex Jentsch, Yulia Furletova
(far-forward'backward POC)

4

Y

/1
MR 5 H fu.: 1341

Cheuk-Ping Wong (LANL), Wangmel Zha (USTC)

. BSM and Precision Electroweak
Sonny Mantry (UNG), Xisochao Zheng (UVa)

https://lists.bnl.gov
" ecce-eic-public-I|
" ecce-eic-ib-I

" ecce-eic-comp-
" ecce-eic-dei-l

" ecce-eic-det-|

" ecce-eic-phys-|

= ecce-eic-prop-|

Indico:

https://indico.bnl.gov/categ
ory/339/

- N

SRga] b
(i
2

h |

5
41l John Lajoie
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T

. EXiSting BaBar SOIQnOid (15T), ﬂUX return and Cradle Currently under construction,

sPHENIX represents a $27M

» Substantial investment/risk reduction investment by DOE (MIE)

* |IP6/8 infrastructure

* Cryogenic connection to RHIC
* Racks, mechanical, safety, electrical, etc.

* Potential re-use/refurbish existing . :
sPHENIX detectors as appropriate B e o1l John Lajoe

e Additional in-kind contributions from DOE
labs and consortium members

 ECCE consortium has considerable
recent DOE project experience

Existing Infrastructure
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1.5T BaBar Solenoid S Lkt

* Built in 1997 (Ansaldo)
* Very conservative design

shipping to BNL

* 3.7m long,
1.4m bore radius

* Designed for 1.5T @ 5kA
« 27MJ stored energy

* Transported to BNL 2015

* Successful low and
high field tests

* Extensive risk analysis
shows that the magnet is in
excellent shape

 Some refurbishment
required

Lt

Pasquale Fabbricatore

L

41l John Lajoie

Designed BaBar and CMS 4T
superconducting magnets

Recipient of IEEE Award for
Continuing and Significant
Contributions in the Field of

Applied Superconductivity
(2020)

T
& AL
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The EIC Interaction Region (IP6

Hadrons Electrons Roman bots

——————————— » -‘ - - .. -/ - - . - - - aEm ..
(Complex chamber)
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Off momentum detectors
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ELECTRON ENDCAP C 6
Tracking: MPGD (large area uRWell)
Electron Detection:
= reference: PbWO4 crystals (reuse some)
= Option to replace outer rings with
SciGlass (backup PbGl)

h-PID: mRICH & TOF
HCAL: Fe/Sc (STAR re-use)

BCE 7 ol g
Ll
” g = - r L
(27 T

411l John Lajoie ) '\

it - 3 @ ©
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ECCE Streaming Data Acquisition e L. Lk

Chris Cuevas
Martin L Purschke

Buffer Box [P

Buffer Box |-

To the 4
Buffer BoX ||
g . SDCCHPSS M

Switch Buffer Box —

L1 ]

Buffer Box —

Buffer Box

41l John Lajoie

EBDC

“Streaming DAQ”

.-

“Front End Electronics”
Each Detector SubSystem

Local Level 1 Global Level 1

Slow control system

Timing System

% L

R H fE PR



fhiE{E 2w John Lajolel) 5+ &%

Example of ECCE Physics : Origin of Hadron Mass QCCQ

oftmomentu™ P Large reduction in pion (structure) pdfs through EIC
Dc‘e((ors y ;
BO Roman POt
5= e ?0 47 Z0C ~.

Major requirements

W Far-forward detection to tag n
and A (or 2°) (meson structure)
and to tag p (for DVCS/3D). = == =7

Q Scattered electron detection in o o 4 T
electron endcap

J Good hadron endcap and far-
forward calorimetry (goal:
35%/E, <50%/E acceptable)

 For pion form factor: pion in
hadron endcap

" ’4 ‘ e ..||JohnLajoie'

b =)

b, |- b, [ f=) b, =)

ECCE — physics reach enhanced in x, and x; with beam focus with dispersion — relevant
for diffraction (e-p, e-A) and tagging (e-d, e-*He, etc), and exclusive measurements

# | Parameter | EICIR#] EIC IR #2 Impact

8 | Minimum A(Bp)/(Bp) allowing Beam focus with dispersion,
for detection of py = 0 reach in x; and py resolution,
fragments 0.1 0.003 -~ 0.01 reach in xg for exclusive processes

YR Wor op — talks on comp antarity (Y. Zhang, V. Morozoy

Y i -
AR T 8
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ECCE International c CCE

BGU/Israel, MIT, ORNL, UIUC,
~a | | Glasgow U., iiir:saLAaﬁllﬁ:i:b lJCLa/b-Orsay, EIC-Japan, TAU/Israel, Polarlzed Beam and \
7/‘+§. oDU MIT, Lehigh U., UKY, MU UVA, GWU, MIT-BATES, HUL/Israel polarimetry: MIT, UNH,
| far-bockward | Tar-forward | SBU
detectors detectors i B Y g Electronics:
U gl i \x.'::v Columbia, ORNL
/ y 12 LA DAQ/Trigger: ISU, CU
{5 - Boulder, OU, ORNL, SBU,
— UConn, LLNL

Yonsel U.

- pe - r
Pusan U. Artificial - |

. T L
S | - : Intelligence: MIT, g —. A E
:: +300.0 500. + 4 : l] kCNU Brunel U. I ‘ | e v W

CENTRAL 41l John Lajoie
FAR FORWARD - FAR BACKWARD

Tracking: o
s . Chi : & * Roman pots: France
* Silicon: China, Czech Republic, Japan - H @ P I]

Calorimetry « Off momentum: Israel  ¥x
* PWO and SciGlass: Czech Republic, Armenia, France i 5 —
* Forward Calo/Dual Readout: China, Japan, South * ZDC:Japan| @

Korea
Particle ID ®
* DIRC: GSI/Germany

.
n [l *  Luminosity monitors: Israel _&% _

, > [~
Low Q2 tagger: UK o <o

% L

R H fE PR
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Resources

ECCE Website

ECCE Indico

ECCE Indico Calendar

ECCE Wiki
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11l Yuji Goto (RBRC)
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Future DIS experiments worldwide
Planned DIS Colliders around the world 1812.08110
«.w'i The era of the precision study of "
< nucleon and nuclear structures .
. U DIS Input
_wiin the next >20 years!
. - @ | | Europe (CERN)
Y ~ W 252~ @ ® o

W ER D 7 & P pa# A HENR W (6] K

.11l Yoshitaka Hatta
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AM, it’s there.

20 9 5
L Q2 = 10GeV?

Significant cancellation between spin
and OAM at small-x YH, Yang (2018)

-
S\
.

70 Inl/x

11| Yoshitaka Hatta

All-order result Boussarie, YH, Yuan (2019) See also, Kovchegov (2019)

1 = 5 )
AG(r)~ — mmp [, (z)~ -
< bz

‘ A (; ( h )
1+ a

Interplay between spin and small-x will be an important topic at EIC

Direct measurement of OAM is a challenge

. 2 = 4
g~ wa LI O o .
W BRI FHE pRH W 3 31 ) [B)



Generalized parton diStributions (GPD)

Non-forward A = P’ — P generalization of PDF

I smple ey g
s / (‘,l/ﬁ eizP Ty (P'S' | (0)y*(y~ )| PS)

o AR D! QI L, : (o AN={ D! ! 1o HY A 7 1
Ao a2 S )y ul PS)+ Mylas &) ( S ———u(F'95)

2m

Fourier transform A | — b, Dupre, Guidal,

Vanderhaeghen

Distribution of partons in impact parameter space 20T7)
1

First moment = elemag form factors

Measurable in
Deeply Virtual Compton Scattering (DVCS)

For the first time, we will have access to
GPD L",/ Aschenauer, Fazio, Kumericki, Muller (2013)
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B8 | S24 2 EREYIREBORBEAIE .,
® a/m (~1ppb)
® muon magnetic moment (~1ppb)

® muon life (~Tppm) 116 592 061(41)x10-17 0.35 ppm

Table 1: Summary of Measured Muon Properties and Selected Decay Rates and Limits B, Abi et a]" Phyb Rev. Lett. 126,

Property Symbol Value Precision 141801 (2021)
Mass My 105.658 3715(35) MeV 34 ppb

Mean Lifetime Th 2.1969811(22) x 107" s 1.0 ppm ﬁﬁﬂ-—ﬂﬂ (KEK)

Anom. Mag. Moment a, 3 1y pon v v B w a8 13 3 -4
Elec. Dipole Moment, d, < 1.9 x 10~ "e-cm 95% C.L.

$#—B1E | MuonZtrapd 3%ERF. RIRR

Muon penning trapZz=EHRE5R1U6
O BHEpDI 1A E NSV TUTREIERHZRIE ()
® KRERBREEI 1A VE—LDRNE

= Bar F—8 / BAYEFR2021FMEFEKRE 17pT1-5 2021/09/17
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® a/m (~1ppb)
® muon magnetic moment (~1ppb)

® muon life (~1ppm) 116 592 061(41)x10-1 0.35 ppm

Table 1: Summary of Measured Muon Properties and Selected Decay Rates and Limits B, Abi et al" Phys Rev. Lett. 126,

Property Symbol Value Precision 141801 (2021)
Mass My 105.658 3715(35) MeV 34 ppb

Mean Lifetime T 2.1969811(22) x 107" s 1.0 ppm ﬁﬁﬂ-—ﬂﬂ (KEK)

Anom. Mag. Moment a, 3 1y pon v v B wa o 13 3 e =4
Elec. Dipole Moment d, < 1.9 x 10~ "e-cm 95% C.L.

$%—B1E | MuonZtrapd 3%ERF. RIRR

Muon penning trapZz=EHIES5R1U6
O BHEpDI 1A ENSYTUTREIERHZRIE ()
® KRERBREEI 1AV E—LDRNE
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Mass My 105.658 3715(35) MeV 34 ppb
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® Cyclotron motion
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® Axial motion

©® Magnetron motion
+ EXB drift

J. Dilling, Ph.D. thesis, Rupertus Carola University of Heidelberg, Germany
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® Cyclotron motion
® Axial motion

©® Magnetron motion
+ EXB drift

J. Dilling, Ph.D. thesis, Rupertus Carola University of Heidelberg, Germany

£ maft #—EBB / BAYEFR2021FERERE 17pT1-5 2021/09/17



J-PARC MLF H Line

H Line

® FHEIEZ1A
4+ 2X108 pt/s
+ REE 100%

L B= TN A TR B—BE (KEK)

* - 0@pE/s
+ REE 30%

3GeV Proton beam

5 mar F—B8R / BFRYEFR2021FEKFTAR 17pT1-5 2021/09/17



é%%ﬁ@” -7”v(Resonance Mode)

J—

PR E R L
/ IN==) |55 =)
HB{ERSIA=D/LERIER = A
: - TR R—BE (KEK)
. (e <

3B EEHAO -\‘

X

6 mar F—B88 / BFRYEFR2021FEKFTAR 17pT1-5 2021/09/17



N2V b2V TR TORFES)

o EEYR I FAE Y EmEY

NF D -

® Cyclotron

frequency
qB

o = P
e A N e P W s ]
- N A —— . = - > P-4
ol —) N = ="
e Bt U > )
> ) . \/
— K - _.e
We = — = 10N —BB (KEK
C ) ] 4
=t 0N = e o F-A-")

(¥ I d - gt

l‘<__ = o = —

® axial frequency

2qVo
wy =\ —
m

® 3DDEBIREE—F

2(]VO
wz — w:l: —_ —
m 2

7 mar F—B88 / BFRYEFR2021FEKFTAR 17pT1-5 2021/09/17



RSV TR TCORFES]
TRIVE— | 3OO AR + 2

i 1

BRTERN @2.9T

we/2m = 392.6 MHz — | AR E—EB (KEK)

Gyl 27 = AT
AT S REIREN
w1 /27 = 393.0 MHz

wy /2m = 392.2 MHz

8 Bt #—EBB / BAYEFER2021FREKRE 17pT1-5 2021/09/17



Simulation for /2 Pulse Mode
(B=2.9T)

Condition

® Muon spin polarization|
100%

® Muon spin rotation
frequency @2.9T|
135.35 MHz/TX2.9T =

393.037 MHz : . = FHA—E (KEK)
+ 880 wiggles in a life 0*E :

® Beam time ~100 days
(1072 events)
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Muon Spin Flip (5%#13)
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=393.037MHz
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® y.=135.53 MHz/T
= 135.53 kHz/mT

® Hrr=6 mT (60G)

® v = 813kHz ~ 1.23 us,
/2 pulse ~ 0.3us,

c=60cm

-

= ,
6 mT
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Muon Spin Flip
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/2 pulse mode
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O HARDBERE A OEEEIL
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