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Confession	
  

…	
  I	
  have	
  not	
  been	
  the	
  most	
  aKenAve	
  student…	
  but:	
  
	
  
“You	
  can	
  observe	
  a	
  lot	
  by	
  just	
  watching.”	
  (Yogi	
  Berra)	
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Summary	
  of	
  …	
  

u  WG1	
  –	
  neutrino	
  oscillaAons	
  
u  WG2	
  –	
  neutrino-­‐nucleon	
  scatering	
  
u  WG3	
  –	
  accelerator	
  physics	
  
u  WG4	
  –	
  Muon	
  physics	
  
u  Plenaries	
  
u  IHEP	
  visit	
  
u  Coffee	
  breaks	
  
u  Posters	
  
u  Chitchats	
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7	
  

Neutrino	
  Mass	
  

Δm2sol	
  	
  ∼	
  	
  7.5x10-­‐5	
  	
  eV2	
  

Δm2atm	
  	
  ∼	
  	
  2.4x10-­‐3	
  	
  eV2	
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Shape	
  and	
  mass	
  spliang	
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  Bay	
  
	
  
n-­‐H	
  coming	
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RENO	
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  n-­‐H	
  

Summary	
  

10	
  NuFact	
  	
  8/22/13	
  

sin22θ13=0.090+0.008-­‐0.009	
  
|Δmee

2|=	
  (2.59+0.19-­‐0.20)×10-­‐3	
  eV2	
  

sin22θ13=0.100±0.010(stat)±0.015(sys)	
  

sin22θ13=0.109±0.030(stat)±0.025(sys)	
  

sin22θ13=0.097±0.034(stat)±0.034(sys)	
  

Accelerator	
  experiments:	
  
—	
  normal,	
  —	
  inverted,	
  δCP=0,	
  θ23=45°	
  
Reactor	
  experiments:	
  
	
  	
  rate	
  only,	
  	
  	
  rate+shape,	
  	
  	
  	
  	
  n-­‐Gd,	
  	
  	
  	
  n-­‐H	
  

Electron	
  neutrino	
  contains	
  2	
  mass-­‐spliangs	
  
(3	
  mass	
  states)	
  and	
  the	
  large	
  spliang	
  agrees	
  
with	
  that	
  measured	
  from	
  muon	
  neutrinos	
  



A high lumi. e+e- collider at the τ-c energy region  
BEPCII/BESIII: Operational since 2009 

ADON
E	
  

BEPCII	
  

CESRc	
  
BEP
C	
  

SPEA
R	
  

DORIS	
  
I	
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China	
  Superbeam	
  Facility 

A	
  possible	
  detector:	
  	
  JUNO	
  detector	
  
(distance	
  between	
  CSNS	
  and	
  JUNO:	
  ~150	
  km)	
   

JUNO	
  detector 



The	
  next	
  	
  quesAons	
  

	

à	
  Which	
  θ23	
  octant	
  ?	
  
	
  à	
  What	
  is	
  the	
  mass	
  hierarchy	
  ?	
  
	
  à	
  Is	
  CP	
  Violated	
  in	
  the	
  neutrino	
  sector?	
  

	
  
	
  à	
  Are	
  neutrinos	
  Majorana	
  type?	
  
	
  à	
  Are	
  there	
  (light)	
  sterile	
  neutrinos?	
  

	
  
	
  à	
  and	
  then	
  there	
  are	
  even	
  more	
  	
  fundamental	
  issues:	
   	
  	
  
	
   	
   	
  neutrino	
  mass,	
  
	
   	
   	
  hierarchy	
  problem,	
  
	
   	
   	
  baryon	
  asymmetry,	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  
	
   	
   	
  leptogenesis,	
  	
  
	
   	
   	
  dark	
  maKer	
  
	
   	
   	
  inflaAon,	
  
	
   	
   	
  …	
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u  CUORICINO	
  
u  NEMO-­‐3	
  
u  EXO-­‐200	
  
u  KamLAND-­‐Zen	
  
u  GERDA	
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mββ =140−930  meV
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Muon	
  physics	
  reach	
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The	
  coolest	
  picture	
  



InspiraAon	
  and	
  AspiraAon	
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Talk	
  by	
  Z.	
  LigeA	
  at	
  Snowmass-­‐on-­‐Mississipi,	
  July-­‐Aug	
  2013	
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AdverAsement	
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A	
  NEW	
  plot	
  –	
  THANKS	
  to	
  Pilar!	
  

C
KM

20
11

LBNE10 H0.7MW, 10ktL

LBNE + PX H2.3MW, 34ktL
T2HK H0.75MW, 560ktL
NuMAX H1MW, 10ktL
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NuMAX+ H3MW, 34ktL

LBNE H0.7MW, 34ktL
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  most	
  popular	
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CERN,	
  a	
  success	
  story	
  
Staged	
  

approach	
   MulS-­‐purpose	
  

CERN,	
  a	
  success	
  story	
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The Project X Accelerator: 
Concept and Capabilities 

 

Steve Holmes 
DPF Community Summer Study 

July 30, 2013 

“If	
  you	
  don't	
  know	
  where	
  you	
  are	
  going,	
  you	
  
might	
  wind	
  up	
  someplace	
  else.”	
  	
  	
  	
  	
  	
  	
  Yogi	
  Berra	
  



Staged	
  Physics	
  Program	
  

*	
  	
  OperaSng	
  point	
  in	
  range	
  depends	
  on	
  MI	
  energy	
  for	
  neutrinos.	
  
**	
  OperaSng	
  point	
  in	
  range	
  is	
  depends	
  on	
  MI	
  injector	
  slow-­‐spill	
  duty	
  factor	
  (df)	
  for	
  kaon	
  program.	
  	
  

	
  36	
  

Project	
  X	
  Campaign	
  

HEPAP	
  Subpanel,	
  February	
  2013	
  

	
  	
  
	
  
	
  

Program:	
  

NOνA	
  +	
  
Proton	
  Improvement	
  
Plan	
  

Stage-­‐1:	
  
1	
  GeV	
  CW	
  Linac	
  driving	
  
Booster	
  &	
  Muon,	
  n/edm	
  
programs	
  

Stage-­‐2:	
  	
  	
  
Upgrade	
  to	
  3	
  GeV	
  
CW	
  Linac	
  

Stage-­‐3:	
  	
  	
  
Project	
  X	
  RDR	
  
	
  

Stage-­‐4:	
  	
  
Beyond	
  RDR:	
  	
  
8	
  GeV	
  power	
  upgrade	
  to	
  
4MW	
  

MI	
  neutrinos	
   470-­‐700	
  kW**	
  
	
  

515-­‐1200	
  kW**	
  
	
  

1200	
  kW	
   2450	
  kW	
   2450-­‐4000	
  kW	
  

8	
  GeV	
  Neutrinos	
   15	
  kW	
  	
  +	
  0-­‐50	
  kW**	
   0-­‐42	
  kW*	
  +	
  0-­‐90	
  kW**	
   0-­‐84	
  kW*	
  	
   0-­‐172	
  kW*	
  	
   3000	
  	
  	
  kW	
  	
  

8	
  GeV	
  Muon	
  program	
  	
  
e.g,	
  (g-­‐2),	
  	
  Mu2e-­‐1	
  

20	
  kW	
  	
   0-­‐20	
  kW*	
  	
   0-­‐20	
  kW*	
  	
   0-­‐172	
  kW*	
  	
   1000	
  	
  	
  kW	
  	
  

1-­‐3	
  GeV	
  Muon	
  program,	
  
e.g.	
  Mu2e-­‐2	
  

	
  -­‐-­‐-­‐-­‐-­‐	
   80	
  kW	
   1000	
  kW	
   1000	
  kW	
   1000	
  	
  	
  kW	
  

Kaon	
  Program	
   0-­‐30	
  kW**	
  	
  
(<30%	
  df	
  from	
  MI)	
  

0-­‐75	
  	
  kW**	
  
(<45%	
  df	
  from	
  MI)	
  

1100	
  kW	
   1870	
  kW	
   1870	
  	
  	
  kW	
  	
  
	
  

Nuclear	
  edm	
  ISOL	
  program	
   	
  none	
   0-­‐900	
  kW	
   0-­‐900	
  kW	
   0-­‐1000	
  kW	
   	
  0-­‐1000	
  kW	
  

Ultra-­‐cold	
  neutron	
  
program	
  

	
  none	
  	
   0-­‐900	
  kW	
   0-­‐900	
  kW	
  
	
  

0-­‐1000	
  kW	
   	
  0-­‐1000	
  kW	
  

Nuclear	
  technology	
  
applicaSons	
  

	
  none	
   0-­‐900	
  kW	
   0-­‐900	
  kW	
   0-­‐1000	
  kW	
   	
  0-­‐1000	
  kW	
  

MuSR	
   	
  none	
  	
   0-­‐900	
  kW	
   0-­‐900	
  kW	
   0-­‐1000	
  kW	
   	
  0-­‐1000	
  kW	
  

	
  	
  
#	
  Programs:	
  

	
  
	
  	
  	
  	
  	
  4	
  

	
  	
  
	
  	
  	
  	
  	
  9	
  

	
  	
  
	
  	
  	
  	
  	
  9	
  

	
  	
  
	
  	
  	
  	
  	
  9	
  

	
  	
  
	
  	
  	
  	
  	
  9	
  

	
  	
  
Total	
  max	
  power:	
  

	
  	
  
735	
  kW	
  	
  

	
  	
  
2222	
  kW	
  	
  

	
  	
  
	
  4284	
  kW	
  

	
  	
  
	
  6492	
  	
  kW	
  

	
  	
  
11870kW	
  



Reference	
  Design	
  
Staging	
  

CSS	
  2013,	
  S.	
  Holmes	
   Page	
  37	
  

1	
  MW	
  @	
  1	
  GeV	
  
3	
  MW	
  @	
  3	
  GeV	
  
0.2	
  MW	
  @	
  8	
  GeV	
  
2	
  MW	
  @	
  60-­‐120	
  GeV	
  
>6	
  MW	
  Total	
  



8/24/13	
   K.	
  Lang,	
  U.	
  of	
  Texas	
  at	
  AusAn:	
  Summary	
   38	
  



LBNE 

To Far Detector in 
Sanford (1300km) 

Buncher/ 
Accumulator 

Rings & Target 

Linac + RLA 
SC 325MHz 
 to ~5 GeV 

5 GeV 
NF Decay Ring: 
νs to Sanford Front End+4D+6D 

RLA to 63 GeV + 
300m Higgs Factory 

νSTORM + Muon Beam 
R&D Facility 

J.P.Delahaye	
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  NuFACT13	
  (August	
  21,	
  2013)	
  

Later	
  upgradable	
  to	
  a	
  	
  
Muon	
  Collider	
  with	
  

Tevatron	
  size	
  at	
  6	
  TeV	
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Neutrino	
  Factory	
  target	
  baseline:	
  free	
  mercury	
  jet	
  
-­‐	
  see	
  WG3	
  talk	
  tomorrow	
  by	
  Kirk	
  McDonald	
  

Baseline	
  target	
  system	
  for	
  a	
  Neutrino	
  
Factory	
  

MERIT	
  mercury	
  jet	
  experiment	
  at	
  
CERN	
  demonstrated	
  suppression	
  of	
  
beam	
  induced	
  ‘splash’	
  with	
  
magneAc	
  field	
  

But	
  a	
  liquid	
  mercury	
  target	
  
presents	
  many	
  challenges,	
  e.g.	
  
interacAon	
  of	
  mercury	
  jet	
  with	
  
dump,	
  handling,	
  disposal	
  etc	
  	
  



Conclusion 
•  Through the end of 

this decade, the 
primary goal of MAP 
is demonstrating the 
feasibility of key 
concepts needed for 
a neutrino factory 
and muon collider 

a Thus enabling an 
informed decision on 
the path forward for 
the HEP community 

August 21, 2013 NUFACT 2013 - Beijing, China 42 

A promising R&D program is in progress! 
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u Workers	
  of	
  the	
  world,	
  unite!	
  

u Proletarier	
  aller	
  Länder	
  vereinigt	
  Euch!	
  

u  .	
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hnp://www.fnal.gov/directorate/icfa/neutrino_panel.html	
  
	
  
Top	
  page	
  only	
  at	
  the	
  moment.	
  	
  Site	
  will	
  go	
  “live”	
  Monday	
  26Aug13.	
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48	
  

INO	
  Facili*es	
  at	
  Po0puram	
  

50	
  kton	
  
ICAL	
  Ne

utrino	
  D
etector	
  

New	
  kid	
  on	
  the	
  block!	
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J.	
  Hewen,	
  Summary	
  Intensity	
  FronSer	
  
Snowmass	
  on	
  the	
  Mississippi	
  

From	
  Formaggio	
  and	
  Zeller,	
  Rev.	
  Mod.	
  
Phys.	
  84,	
  1307-­‐1341,2012	
  



u  Solar	
  neutrinos	
  	
  
	
  37Cl	
  (ν,e-­‐)	
  37Ar	
  (inverse	
  beta)	
  

u  Different	
  ν	
  flavors,	
  1957	
  	
  
u  Neutrino	
  oscillaAons	
  
u  Accelerator	
  produced	
  ν	
  beams	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

π→μ	
  +	
  ν,	
  	
  Κ→μ	
  +	
  ν	
  
u  Sterile	
  neutrinos	
  

u  …(and	
  much	
  more)	
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Bruno Pontecorvo (1913-1993)
Born	
  Aug	
  22,	
  1913	
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u  This	
  is	
  a	
  memorable	
  NuFact	
  
u  UnforgeKable	
  hospitality	
  	
  
u  Well	
  organized	
  and	
  smoothly	
  run!	
  

u THANKS	
  to	
  all!	
  

u  My	
  special	
  thanks	
  to	
  Miao	
  He	
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Bon	
  	
  	
  voyage!	
  
再  见	
  
 zai       jian    



