






ECFA E u r o p e a n  C o m m i t t e e  f o r  F u t u r e  Ac c e l e r a t o r s

Purpose of ICFA 

Nov. 20/21 2014, CERN 96th Plenary ECFA 11

ICFA was created to facilitate international collaboration in the 
construction and use of accelerators for high energy physics. It was 
created in 1976 by the International Union of Pure and Applied 
Physics. Its purposes, as stated in 1985, are as follows: 
• To promote international collaboration in all phases of the

construction and exploitation of very high energy accelerators.
• To organize regularly world-inclusive meetings for the exchange of

information on future plans for regional facilities and for the
formulation of advice on joint studies and uses.

• To organize workshops for the study of problems related to super
high-energy accelerator complexes and their international
exploitation and to foster research and development of necessary
technology.





ECFA E u r o p e a n  C o m m i t t e e  f o r  F u t u r e  Ac c e l e r a t o r s

ICFA Seminar 

Nov. 20/21 2014, CERN 96th Plenary ECFA 14

11th ICFA seminar at IHEP, Beijing, on 27-30 October 2014 
http://icfa2014.ihep.ac.cn  

The Seminar takes place every three years with the aim of bringing 
together government officials involved in strategic decisions for High 
Energy Physics (HEP), representatives of the major funding agencies, 
the directors of major HEP laboratories, and leading scientists from all 
of the regions of HEP activity. 
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The Daya Bay Experiment
• 6 reactor cores, 17.4 GWth
• Relative measurement

– 2 near sites, 1 far site
• Multiple detector modules
• Good cosmic shielding
– 250 m.w.e @ near sites
– 860 m.w.e @ far site

• Redundancy

3km tunnel
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Daya Bay
2011.12-2013.11 (621 days)
Detailed and precise corrections for E non-linearity 
Continue to improve: reduced backgrounds and systematics 
Rate + Shape analysis for nGd events
Rate analysis for nH events

Relative energy scale difference: <0.2% Non-linearity uncertainty  < 1% 

C.Zhang, Neutrino14 & W.Wang, ICHEP14 

0.5% 2%
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Remarkable Improvements on 13

Uncertainty reduced 
significantly now 6%, will be 
3% in 2017.
The most precise mixing 
parameter. 

For accelerator experiments 
assuming δCP=0, θ23=45⁰

Jetter, Tau2014

Y.F.Wang, Nufact2014



Recent discoveries: α  β oscillations in vacuum and matter 
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μ τ  ( Δm2 , θ23 ) Data from various types of  neutrino experiments: (a) solar, (b) long-baseline reactor,  
(c) atmospheric, (d) long-baseline accelerator, (e) short-baseline reactor, (f,g) long 
baseline accelerator (and, in part, atmospheric). 

(a) KamLAND [plot]; (b) Borexino [plot], Homestake, Super-K, SAGE, GALLEX/GNO,  
SNO; (c) Super-K atmosph. [plot], MACRO, MINOS etc.; (d) T2K (plot), MINOS, K2K;  
(e) Daya Bay [plot], RENO, Double Chooz; (f) T2K [plot], MINOS; (g) OPERA [plot], 
Super-K atmospheric.  

See next talks by Jung, Shiozawa, Cao 



CCurrent 3ν picture in just one slide (with 1-digit accuracy) 
 Flavors  =  e  μ  τ�

+Δm2 

δm2 m2
ν ν2 

ν1 

ν3 

ν3 

-Δm2 

  Abs.scale   Normal hierarchy…  or…  Inverted hierarchy            mass2 split   

δm2 ~ 8 x 10-5 eV2 

Δm2 ~ 2 x 10-3 eV2 

sin2θ12 ~ 0.3  
sin2θ23 ~ 0.5  
sin2θ13 ~ 0.02  

δ (CP) 
sign(Δm2)  
octant(θ23)  
absolute mass scale 
Dirac/Majorana nature 

Terra Cognita: Terra Incognita:



UNDERGROUND DARK MATTER 
LABORATORIES WORLDWIDE 



From Joachim Kopp 

Assumes 
Spin- 
Independ. 
Scattering, 
i.e. scales 
 as A2 



New Indirect Detection Results  
 
Pamela IceCube 

FERMI 

/DeepCore and AMS 



Lin, Yuan, Bi 
1409.6248 



BICEP2 at the South Pole 



Polarization in BICEP2 



There is a >3σ evidence!

170 180 190 200 210

aμ
SM × 1010 – 11659000

HMNT (06)

JN (09)

Davier et al, τ (09)

Davier et al, e+e– w/o BaBar (09)

w/  BaBar (09)

HLMNT prelim. (09)

experiment

BNL

BNL (new from shift in λ)

> 3σ

muon’s anomalous magnetic moment gμ-2



muon (gμ-2) anomaly

G.Isidori et al. PRD75, 115019

muon’s anomalous magnetic moment

Excluded by MEG
|δ LL

12 |= 10−4 assumed

BR < 5.7×10-13 
@90%CL



Numerical Lattice QCD

• Nowadays “lattice QCD” usually implies a numerical technique, in which the
functional integral is integrated numerically on a computer.

• Big computers:

• Some compromises:

• finite human lifetime  Wick rotate to Euclidean time: x4 = ix0;

• finite memory  finite space volume & finite time extent;

• finite CPU power  light quarks until recently heavier than up and down.
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Monday, October 27, 14



QCD Hadron Spectrum

13

π…Ω: BMW, MILC, PACS-CS, QCDSF; ETM (2+1+1);
η-η′: RBC, UKQCD, Hadron Spectrum (ω);
D, B: Fermilab, HPQCD, Mohler&Woloshyn
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B mesons offset by −4000 MeV

Monday, October 27, 14









July 2012: discovery of a new particle.

With the data taken 2011, and
∼ 5 fb−1 of data taken during 2012,
the CMS and ATLAS experiments
clearly discover the new particle with
≥ 5 σ sigificance

Driven by decays to boson
pairs: γγ, ZZ, WW

Focus since summer 2012:
Study of the properties of the
new particle
Search for decays into fermion
pairs
? First evidence from Tevatron

in 2012

() Oct 28, 2014 4 / 29



Mass measurement.
Measured in high resolution channels H → γγ and H → 4�

Careful calibration of electromagnetic calorimeters and muon momentum
scale

Precise mass measurement is an important input to couplings
measurements

� E.g. ΔmH = 0.2 GeV shifts prediction for BR(H → ZZ) by 2.5%

() Oct 28, 2014 7 / 29



Decays to fermions.
More challenging to observe than decays to bosons, but important to
understand coupling of Higgs to SM particles
H → ττ H → bb̄

Important channel to constrain total width
due to large BR

CMS
μττ = 0.8 ± 0.3 3.2 σ (3.7 σ exp)
μbb = 1.0 ± 0.5 2.1 σ (2.3 σ exp)

ATLAS
μττ = 1.4 ± 0.4 4.5 σ (3.5 σ exp)
μbb = 0.5 ± 0.4 1.4 σ (2.6 σ exp)

Tevatron
μbb = 1.6 ± 0.7

μ = σmeas
σSM

() Oct 28, 2014 8 / 29



Coupling measurements from LHC and Tevatron.

Common couplings scaling factor for
all vector bosons (κV ) and all fermions
(κf )

Fair agreement with SM predictions

H → γγ has sensitivity to relative
sign of κV and κf through
interference of W and t in the loop

Measurements from ATLAS and CMS
have been superseeded by updated
measurements

() Oct 28, 2014 29 / 29











Standard Model (theory). Prediction of mt and mh LEP.

1987
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October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).

Z couplings in 1987: Higgs couplings in 2014:



Standard Model (theory). Prediction of mt and mh at LEP.
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Without inclusion of loop effects

now the SM would have been

ruled out!

MW = 80.404± 0.030 GeV (mea-

sured), 80.376GeV (theory)

mt = 172.5± 2.3 GeV (measured)

172.9 GeV (theory)

October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).



Standard Model (theory). The SM rocks!

SM rocks! LOOP Level!

October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).



Standard Model (theory). The fate of vacuum

October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).



Standard Model (theory). Lord Kelvin : end 19 th Century

Statement number 1:

”In the present state of physical science, therefore, a
question of extreme interest arises: Is there any princi-
ple on which an absolute thermometric scale can be
founded?”

Statement number 2:

”There is nothing new to be discovered in physics now, All
that remains is more and more precise measurement.”

October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).

of the Higgs and top properties!





Standard Model (theory). Higgs portral!

Peeping through the Higgs window!

October 28, 2014. ICFA-seminar on future perspectives in High Energy Physics (Beijing).



How well do we need to measure the couplings?
Want to disentangle various possible extensions (SUSY, composite
Higgs, ...) of the SM, and their parameters
Requires %-level accuracy in measurements of couplings of SM-like
Higgs

() Oct 28, 2014 23 / 29
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C. K. JungICFA Seminar, Oct. 2014

Experiment@LBNF and Hyper-Kamiokande

Experiment@LBNF Hyper-Kamiokande 
Beam Energy 120 GeV (60 – 120 GeV) 30 GeV 
Beam Power ≥ 1.2 MW ≥ 750 kW 
Beam Configuration On-axis, Wide-band Off-axis (2.5o), Narrow-band 
Baseline 1300 km (default) 300 km 
Detector Technology Liquid Ar Water Cherenkov 
Far detector F.V. 35 kt (LBNE)  40 kt (P5) 560 kt 
Near Detector  Yes Yes 
Estimated Cost 
(to be re-evaluated) 

~$1.5B* (Full Costing* for 
beamline, near and far detectors) 

~$800M  
(only for far detector)  

Proposal Status DOE CD1 approval 
(in the process of reformulation) 

In discussion w/ MEXT 
(See M. Shiozawa’s talk) 

(* includes: project management, contingency and escalation) 

These two proposed experiments are complementary to each other in 
many aspects. However, the science goals of each experiment must be 
compelling on its own. And in my opinion they are. 



C. K. JungICFA Seminar, Oct. 2014

LBNE and HyperK Sensitivities to CPV 

LBNF 40 kt HyperK  

Exposure of                                   
7.5 MW x 107 s (~ 750 kW x 10 yr)     
w/ 560 kt F.V. allows: 
>3σ CPV sensitivity for 76% of δ 
>5σ CPV sensitivity for 58% of δ 

Exposure of                                      
600 kt-MW-yr            
(~ 40 kt x 1.2MW x 12.5 yrs)      
>3σ CPV sensitivity for 75% of δ 
>5σ CPV sensitivity for 56% of δ 

L. Whitehead 
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The JUNO Experiment

20 kton LS detector
3% energy resolution
700 m underground
Rich physics possibilities

Reactor neutrino
for Mass hierarchy and 
precision measurement 
of oscillation 
parameters
Supernovae neutrino
Geoneutrino
Solar neutrino
Atmospheric neutrino
Exotic searches 

Talk by Y.F. Wang at ICFA seminar 2008, Neutel 2011;  by J. Cao at Nutel 2009, NuTurn 2012 ; 
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen,  PRD78:111103, 2008;  PRD79:073007,2009

Jiangmen Underground Neutrino Observatory, a multiple-purpose
neutrino experiment, approved in Feb. 2013. ~ 300 M$.
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Physics Reach

Thanks to a large θ13 

Current JUNO
m2

12 4% 0.6%
m2

23 5% 0.6%
sin2

12 5% 0.7%
sin2

23 10% N/A
sin2

13 6% 3% ~ 15%

• Mass hierarchy
• Precision measurement of 

mixing parameters
• Supernova neutrinos
• Geoneutrinos
• Solar & atmospheric neutrinos
• Sterile neutrinos

For 6 years mass hierarchy can be 
determined at 4 level, if Δm2 can be 
determined at 1% level

Detector size: 20kt 
Energy resolution: 3%/ E
Thermal power: 36 GW

Y.F. Li et al, PRD 88, 013008 (2013)





UU.S.-based EICs – the Machines 

  First polarized electron-proton/light ions collider in the world 

  First electron-nucleus (various species) collider in the world 

  Both cases make use of  existing facilities        (H. Montgomery, Oct 29) 

MEIC (JLab) eRHIC (BNL) 

AGSAGS

IP

IP

Ion Source

Prebooster

MEIC
Collider
Rings

EIC 
Collider 
Rings

12 GeV CEBAF

Halls A, B, C

Electron Injector 

Hall D

SRF Linac
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