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Stream of “Super Beam” �2

J-PARC(0.5MW) 
NuMI (0.7MW)

LBNF (1.2MW→2.4MW) 
J-PARC (1.3MW)

ESSnuSB 
5MW (1.25MW x 4)

• Accelerators 
• Current : High energy proton beams from Synchrotron ⇒ ~1s cycle 
• Future   : SC Linac based proton drivers ⇒ 10~50Hz 

• Solid target ⇒ can be acceptable up to 1.5~2MW level 
• Radiation damage will be a serious problem for higher power beam 

• Horn focussing ⇒ beam pulse width is limited (<10μs) ⇒ need accumulator ring 
• Challenges 
• Beam loss in accelerators and beamline 
• Disposal of radioactive materials (e.g. Tritium) is actually an issue

Split 
Proton 
Beam

Neutrino 
Beam 

Direction

Collimators
Horns and 

Targets Decay Volume
(He, 4x4x25 m3)

Beam Dump

8 m concrete



Toward “Muon Collider” �3

• Accelerator ⇒ Super-conducting Linac based proton drivers 
• Granular/liquid target ⇒ to accommodate high power beam 
• Pion capture by SC solenoid ⇒ longer pulse (or even DC) beam acceptable 
• Muon Ionization Cooling ⇒ to reduce muon beam emittance 
• Many challenges in each devices and extensive developments on going

EMuS MOMENT MICE
Layout	of	the	EMuS
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ü Neutrino	mode
ü Ref.	!" =	300-500	MeV/c

ü Surface	# mode
ü Ref.	!$ =	29	MeV/c	± 5%

ü Decay	# mode
ü Ref.	!$ =	100-200	MeV/c	± 10%

Proton beam Pion capture Muon transport Ionization cooling Acceleration

The Detectors 

Trackers 

Time of flight: 
TOF0,1 and 2 

Electron Muon 
Ranger: 

EMR 

KLOE-Light: 
KL 

Cerenkov:  
CkoVa CkoVb 

Solid target Granular/liquid target



Muon Beamline for Muon Physics �4
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The Mu2e apparatus separates the production of 
muons and our observations of their decays
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Production Solenoid

Transport Solenoid

Detector Solenoid

~25m

Mu2e@Fermilab

COMET at J-PARC
•Target S.E.S. 2.6×10-17 
• 8GeV Pulsed proton beam at J-PARC 
• Insert empty buckets for necessary pulse-
pulse width 

• bunched-slow extraction 
• pion production target in a solenoid magnet 
• Muon transport & electron momentum analysis 
using C-shape solenoids 

• smaller detector hit rate 
• need compensating vertical field 

• Tracker and calorimeter to measure electrons 
• COMET decided to take a staging approach to 
realize this. The collaboration is making an effort to 
start physics DAQ as early as possible under this. 

• Phase-I 8GeV-3.2kW, < 10-14 
• Phase-II 8GeV-56kW, < 10-16
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COMET@J-PARC
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µ 

Current	status	and	prospects	of	(g-2)	
measurements	

Jason	D.	Crnkovic	
on	behalf	of	the	Muon	g-2	Collaboration	

1	

FPCP	2018,	Hyderabad,	India:	
Monday,	July	16th,	2018	

Lepton Flavor Violation Search
Muon g-2 measurement

J-PARC	g-2	experiment	uses	a	very	different	
experimental	technique.	
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Fermilab	sets	to	0	by	
using	3.094	GeV/c	
magic	momentum	
muons	
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Production 

target

3 GeV proton beam

(1MW, double pulses, 25Hz)

Surface muon

beam (4 MeV)

ε~1000 π mm・mrad

Muonium production target

(300 K ~ 25 meV)

Full tracking 
silicon tracker

66 cm

Compact storage magnet

(3T, ~1ppm local)
Ultra slow μ+ production by

Resonant Laser Ionization of 

Muonium (~106 m+/s)

Target precision

Δ(g-2) = 0.1 ppm

ΔEDM = 10-21 e・cm

Re-acceleration LINAC

(~ 200 MeV)

ε~1 π mm・mrad !

J-PARC g-2 experiment (E34)

Ultra 
slow μ+

[1]	

[1]	Takayuki	Yamazaki,	KEK	Theory	Meeting	on	Particle	Physics	Phenomenology	(KEK-PH2018),	Feb.	13th	to	16th	(2018).		

J-PARC	experiment	in	a	slide:	

J-PARC	sets	to	0	by	not	
using	electric	focusing	

Super-low	emittance	muon	beam	

g-2 experiment @ Fermilab



Neutrino Flux Predictions
• Precise flux prediction is important for reducing systematic uncertainties

�5

The conceptual design: ENUBET

Reference parameters

9 Pk,π = 8.5±20% GeV/c
9 Θ < 3 mrad over 10×10 cm2

9 Tagger: L = 50 m, r = 40 cm

• Hadron beamline: charge selection, focusing, fast transfer of K+/π+

• Tagger: real-time, «inclusive» monitoring of K decay products

� Thanks to the short decay tunnel, muon
decay gives a negligible contribution to 
the νe flux that is dominated (~98%) by 
neutrinos coming from Ke3 decays

� Only kaon decay products are 
measured in the tagger, since pions
and muons decay at small angles

o Complete control on νe flux
o Tolerable rates / detector irradiation

(< 500 kHz/cm2 , < 1 kGy)

NUFACT 2017 - 26/09/2017 4F. Pupilli - ENUBET

Eur. Phys. J. C75 (2015) 155
Hadron 
dump

Proton 
beam

F. Pupilli - ENUBET NUFACT 2017 - 26/09/2017 18

Conclusions

σ(νe)• Flux systematics could be reduced by one
order of magnitude exploiting K → e+ νe π0

• In the next 4 years ENUBET will investigate 
the feasibility of this approach and of its
application to a new generation of cross 
section experiments at CERN, FNAL or 
JPARC providing σ(νe) at 1% with a detector 
of moderate mass (500 t)

• The intriguing possibility of a time-tagged
facility will be also studied

• 1st year of project: a rich simulation and 
prototyping program is giving very
promising results. Challenging open items
ahead. But no showstoppers so far

ENUBET

1% syst. + 1% stat. (104 νe
CC)  errors

Eur. Phys. J. C75 (2015) 155

A major breakthrough in 
experimental neutrino physics

Pure and precise (1%) νe source 
from K-monitored ν beams

ENUBET (future)NA61/SHINE (ongoing)
Hadron production measurements 
for precise neutrino flux prediction

Flux uncertainty can be reduced by tuning 
hadron production in MC with experimental 
data 
• Data for T2K, NOvA, LBNF 
• Future upgrade (2021~)



WG3 Parallel Sessions �6

• 18 individual parallel session talks 

• 4 joint parallel session talks (with WG4)

#1 Monday 14:00-16:00 Target (T2K, RaDIATE, ESSnuSB)

#2 Monday 16:30-18:00 MICE

#3 Tuesday 14:00-16:00 Beamlines (LBNF, ESSnuSB)

#4  Thursday 14:00-16:00 Beamlines (T2K, ESSnuSB, IOTA, Low emittance 
muon beam)

#5 Thursday 16:30-18:00 EMuS, Flux (NA61, ENUBET)

#6 Friday 14:00-16:00 Muon beam facilities (WG3+WG4)

#7 Friday 16:30-18:00 g-2 beamline, ISODAR



Questions from NuFact’17
• What is the status of accelerator upgrades for the major 

accelerator based neutrino experiments in the Americas, Asia, 
and Europe? 

• Can targets in the range of 5+ MW be made of solid materials, 
or are granular/liquid targets required? 

• Are requirements for target stations (handling, shielding, 
cooling, etc.) well understood and possible to fulfill? 

• How are measurements of flux progressing and contributing to 
ongoing/future neutrino experiments?
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Questions from NuFact’17
• How is the problem of space charge and beam loss in high 

intensity proton machines being addressed? 

• Is nuSTORM needed as a complimentary program to the future 
planned accelerator based neutrino facilities, and is the design 
deemed affordable? 

• What is the status of the accelerator upgrades needed to build 
a neutrino beamline at ESS? 

• Has MICE reached a satisfactory conclusion, and how do the 
results fit into the accelerator based neutrino beam landscape?
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Let’s enjoy 
NuFACT2018 !!


