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Flavors in 
Standard Model

CP violation in universe?

dark matter?

neutrino mass?

why 3 generations?

...
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New Physics Beyond 
the Standard Model



New Physics Beyond
the Standard Model

ΔE x Δt ~ h

Look for

reactions prohibited by SM

deviations from SM

High sensitivity experiments at high intensity 
facilities
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New Physics Probe:
B-mesons
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B-factories

BABAR and Belle

Established CP violation in SM

Measured CKM matrix parameters, ...

LHCb

D0 mixing, γ, ...

CDF

Bs mixing
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SuperKEKB
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New damping ring

New RF

New beam pipe
Longer bending 

magnets for 4GeV e+
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New RF

New damping ring

New beam pipe
Longer bending 

magnets for 4GeV e+

SuperKEKB



SuperKEKB 
Interaction Region

Nano-Beam (for SuperB)

I:! ! ! 1.6A x 1.2A! ! ! ! ! 3.6A x 2.6A

L(/cm2s): !! 2.1x1034! ! ! ! ! 80x1034
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e+
e-e-

e+
KEKB SuperKEKB

100µm x 2µm 10µm x 0.06µm

B. Golob, FPCP2013



Vertex Detector 
pixel + strip ➜20µm

Smaller cell drift 
chamber

Time of Propagation 
counter and aerogel 
RICH for better K/π
EM calorimeter: 
waveform readout

Replace endcap KL, µ 
detector 
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Belle II Detector



Belle II Schedule
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Calendar

Japan FY ・・

・・・

KEKB
operation

SuperKEKB construction

SuperKEKB operation

Upgraded Linac operation 
for SuperKEKB, PF, PF-AR

Linac

Belle II roll in
QCS installBelle roll out

2010 2011 2012 2013 2014 2015 2016 2017

2010 2011 2012 2013 2014 2015 2016 2017

Detector upgrade to Belle II

Dismantling KEKB

Fabrication and tests of ring components

Install and set up

DR tunnel

MR & DR 
buildings

Electricity and 
cooling facility

Linac upgrade / operation for PF&PF-AR

Mar. 2013 Jan. 2015

Accelerator 
tuning

VXD install

Physics run

Tom Browder@Intensity Frontier WS, Argonne , 2013



SuperKEKB Luminosity
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L
[s-1cm-2]

∫L dt
[ab-1]

∫L dt=50 ab-1 
(2022-2023)

design L=8·1035 s-1cm-2



Belle II Physics
b→sss
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B � J/�Ks

B � �Ks

Belle II physics prospects: B decays 
B decays with τ leptons 

SM  SUSY 

CP violation in s-Penguins 

•  Sensitive to charged Higgs 

•  B ➝ τν  and B ➝ D(*)τν  

Belle II  (50 ab‐1) 

5σ discovery  

ATLAS 7 TeV (4.6 @‐1) 

4 

ΔS = S(b➝qqs) - S(b➝ccs) = -0.04 ± 0.04 
                                              (HFAG, Summer 2012)   

_ _ 

B factory upper limits 

Belle II (10 ab‐1) 

L [ab‐1] 

arXiv:1002.5012  
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... see Tom Browder’s talk

CHAPTER 1. MOTIVATION AND OVERVIEW

• 2007: Belle and BaBar found the first evidence for the phenomenon of mixing in the system
of neutral charmed mesons D0 [18, 19]. The large rate can be accomodated by NP but
may also be explained by di!cult to calculate long-distance strong interaction e"ects in
the SM. In contrast, CP violation in the D meson system with a magnitude comparable to
the current experimental sensitivity is an unambiguous signature of NP. With the sample
of charmed meson decays collected by Belle II it will be possible to clarify the situation.

• 2008: A measurement of the branching fraction and photon energy spectrum for fully
inclusive B ! Xs! decays was performed with an energy threshold of 1.7 GeV [20]. This
result is in agreement with the SM and provides strong constraints on charged Higgs
bosons. The shape of the spectrum helps in the determination of the b quark mass and
|Vub|.

• In the same year, a measurement of DCPV in B+ ! K+"0 proved it to be di"erent than
the same quantity in B0 ! K+"! decays [21], contrary to the naive SM expectation. In
combination with other B ! K" measurements and with the larger Belle II data set, the
validity of the SM can be tested in a model-independent way.

• 2009: Rare B ! K"#+#! penguin decays were measured with improved precision [22].
The forward-backward asymmetry of the leptons is a sensitive probe of possible NP con-
tributions. With current data samples, the asymmetry appears to deviate from the SM
expectation, but the di"erence is statistically limited. The greater sensitivity of Belle II
will resolve whether the discrepancy is due to NP e"ects or not.

1.2.3 NP-sensitive physics at Belle II

Figure 1.2: The SM contribution (left) and the gluino–down squark contribution (right) to the
b! ss̄s transition.

Here, in order to illustrate the unprecedented sensitivity to the presence of NP e"ects at the
rare/precision frontier that the improved performance of the Belle II detector and the much
larger data set will o"er, we expand on few of the above examples of measurements: b ! ss̄s,
b! s!, B ! $%, and B ! K" decays.
The examples presented are just a few examples in the broad physics program of Belle II,
which brings the searches of New Physics performed at the existing B factories to a completely
new level of sensitivity, and significantly extends the reach of present experimental e"orts in a
way complementary to the energy frontier experiments. The real value of the Super B factory
is in its ability to perform measurements in all fields of heavy flavor physics, extending from

B0(±) meson decays to B(")
s meson decays, charm physics, $ lepton physics, spectroscopy, and

pure electroweak measurements. A large number of planned measurements will over-constrain
the parameter space of the SM as well as its extensions and will shed light on the nature of
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�S = sin 2��Ks
1 � sin 2�J/�Ks

1

CHAPTER 1. MOTIVATION AND OVERVIEW

NP signatures that may be observed directly at the LHC. A detailed study of correlations
among various observables, sensitivities and expected physics output can be found in Ref. [23].
Tables 1.1 and 1.2 summarize these studies.

1.2.3.1 b! ss̄s decays

The value of sin 2!1 as measured in B0 ! !KS and similar b ! s transitions di!ers slightly
from the value measured in B ! J/"KS decays, the current world average di!erence being

"S " sin 2!!KS
1 # sin 2!J/"K

0

1 = 0.22 ± 0.17 [25]. The former decays proceed through b ! sss̄
underlying quark process, possible only through the loop processes shown in Fig. 1.2 (left), and
the latter through the b ! csc̄ tree diagram. While the CKM matrix elements included in the
amplitudes of these decays are approximately real, the possibility of B0 # B̄0 mixing before the
decay introduces an additional factor (V !

tbVtd)2 $ e"2i!1 . Hence, the decay time distribution of
both decays is sensitive to sin 2!1, and the di!erence in the value measured in the two decays is
expected to vanish within small corrections, "S = 0.03 ± 0.01

0.04 [26]. However, NP particles can
contribute in the loop of B0 ! !KS , as illustrated in Fig. 1.2 (right), and change the expectation
for "S.
In B ! K+K"KS decays, !KS is one of several intermediate resonant contributions to the final
state. In order to determine the value of sin 2!!KS

1 , one has to perform a decay time dependent
Dalitz plot analysis, where the accuracy of K+K"KS vertex determination and the particle
identification for the suppression of backgrounds are crucial. These are achieved in Belle II with
the vertex detector (Chapters 4 and 5) and the particle identification system (Chapters 7 and 8).
The expected dependence on integrated luminosity of the "S sensitivity from these and related
decays is shown in Fig. 1.3 [23]. With L = 10 ab"1 of data, the experimental and theoretical
uncertainties will be comparable.

Figure 1.3: Expected precision of "S measurements as a function of integrated luminosity [23].
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Belle II Physics
Charged Higgs
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Belle II physics prospects: B decays 
B decays with τ leptons 

SM  SUSY 

CP violation in s-Penguins 

•  Sensitive to charged Higgs 

•  B ➝ τν  and B ➝ D(*)τν  

Belle II  (50 ab‐1) 

5σ discovery  

ATLAS 7 TeV (4.6 @‐1) 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ΔS = S(b➝qqs) - S(b➝ccs) = -0.04 ± 0.04 
                                              (HFAG, Summer 2012)   
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B factory upper limits 
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Belle II TDR



LHCb Upgrade

Luminosity

Now: 4x1032 ➜ 2018~:10~20 x1032

14
The LHCb Detector Upgrade

H. Schindler on behalf of the LHCb collaboration

Vienna Conference on Instrumentation 2013

1 / 20



LHCb DAQ Upgrade
Now

Limited by readout

Upgrade

Read all, software trig

15

The 1MHz L0 rate limitation 

• Due to the available bandwidth and discrimination power of the hadronic 
L0 trigger  LHCb experiences the saturation of the trigger yield on the 
hadronic channels. 

• Increasing the first level trigger rate would considerably increase the 
efficiency on the hadronic channels.  

April 2013 DIS2013: The LHCb upgrade 7 

“Fram
ew

ork  TDR  for  the  LHCb U
pgrade:  Technical  Design  Report”;  The  LHCb 

Collaboration,CERN
/LHCC-2012-007, LHCb-TDR-12 - 2012 

40MHz

5

1MHz

1kHz 1MHz

~40MHz

20kHzto storage

to software 
trigger

low level trigger

full reconstruction

bunch 
crossing



LHCb Detector Upgrade
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LHCb

In a Nutshell
LHCb is an LHC experiment designed for heavy quark flavour physics.
The detector is a single-arm forward spectrometer, covering 2 < ÷ < 5.
Tracking system consists of Vertex Locator (VELO), followed by one tracking station
upstream and three stations downstream of 4 Tm dipole magnet.
Particle identification provided by two RICH detectors, calorimeters and muon system.

2 / 20

Vertex Locator: 
pixel or thin strip

RICH1: remove
RICH2: upgrade

Silicon Tracker:
replace all

Outer Tracker:
straw tubes?

and all the readout electronics



LHCb Upgrade Schedule

10/fb w/ LHCb before 2018

UPGRADE

5/fb per year x 10years = 50/fb

17

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

8 TeV

13 TeV

14 TeV



LHCb Upgrade Physics
Higgs penguin B(s)→µµ
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D.M.Straub, arXiv:1012.3893
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Figure 2: Correlation between the branching ratios of Bs ! µ

+
µ

� and Bd ! µ

+
µ

�

in MFV, the SM4 and four SUSY flavour models. The gray area is ruled out experi-
mentally. The SM point is marked by a star.

3.2 Bs ! µ+µ� vs. Bd ! µ+µ�

The correlation between the decays Bs ! µ

+
µ

� and Bd ! µ

+
µ

� is an example of a
“vertical” correlation mentioned in section 2. Beyond the SM, their branching ratios
can be written as

BR(Bq ! µ

+
µ

�) / |S|2 �1� 4x2
µ

�
+ |P |2, (5)

S = C

bq
S � C

0bq
S , P = C

bq
P � C

0bq
P + 2xµ(C

bq
10 � C

0bq
10 ) , xµ = mµ/mBs . (6)

Order-of-magnitude enhancements of these branching ratios are only possible in the
presence of sizable contributions from scalar or pseudoscalar operators. In two-Higgs-
doublet models, the contribution to C

bq
S from neutral Higgs exchange scales as tan �2,

where tan � is the ratio of the two Higgs VEVs. In the MSSM, the non-holomorphic
corrections to the Yukawa couplings even enhance this contribution to tan�3.

Figure 2 shows the correlation between BR(Bs ! µ

+
µ

�) and BR(Bd ! µ

+
µ

�)
in MFV, the SM4 and four SUSY flavour models¶ analyzed in detail in [10]. The
MFV line, shown in orange, is obtained from the flavour independence of the Wil-
son coe�cients, cf. eq. (3). The largest e↵ects are obtained in the SUSY flavour
models due to the above-mentioned Higgs-mediated contributions. While in some

¶The acronyms stand for the models by Agashe and Carone (AC, [13]), Ross, Velasco-Sevilla
and Vives (RVV2, [12]), Antusch, King and Malinsky (AKM, [11]) and a model with left-handed
currents only (LL, [14]).

5

�BR(Bs) < 10%

Bd sensitivity 
➔ SM rate



LHCb Upgrade Physics
Bs→ΦΦ

S(Bs→ΦΦ) error

100%@ 1/fb

3%@LHCb upgrade (50/fb)

~2% theoretical error
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Figure 1: Invariant K+K�K+K� mass distribution for selected B0
s

! �� candidates. The
total fit (solid line) consists of a double Gaussian signal component together with an exponential
background (dotted line).

five polarisation amplitudes and their interference terms,

d4�

dcos ✓1 dcos ✓2 d� dt
/

15X

i=1

K
i

(t)f
i

(⌦) . (1)

The angular functions f
i

(⌦) for the P -wave terms are derived in Ref. [21] and the helicity
angles of the two � mesons are randomly assigned to ✓1 and ✓2. The time-dependent
functions K

i

(t) can be written as [21]

K
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where ��
s

= �L � �H is the decay width di↵erence between the light (L) and heavy
(H) B0

s

mass eigenstates, �
s

is the average decay width, �
s

= (�L + �H)/2, and �m
s

is
the B0

s

-B0
s

oscillation frequency. The coe�cients N
i

, a
i

, b
i

, c
i

and d
i

can be expressed in
terms of �

s

and the magnitudes, |A
i

|, and phases, �
i

, of the five polarisation amplitudes
at t = 0. The three P -wave amplitudes, denoted by A0, Ak, A?, are normalised such
that |A0|2 + |Ak|2 + |A?|2 = 1, with the strong phases �1 and �2 defined as �1 = �? � �k
and �2 = �? � �0. The S and SS-wave amplitudes and their corresponding phases are
denoted by A

S

, A
SS

and �
S

, �
SS

, respectively. For a B0
s

meson produced at t = 0, the
coe�cients in Eq. 2 and the angular functions f

i

(✓1, ✓2,�) are given in Table 1, where �2,1 =
�2� �1. Assuming that CP violation in mixing and direct CP violation are negligible, the
di↵erential distribution for a B0

s

meson is obtained by changing the sign of the coe�cients
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New Physics Probe:
Kaons

20



Probes:
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pinn stuffs
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http://www.lnf.infn.it/wg/vus/content/Krare.html
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J-PARC

CsI calorimeter from KTeV

Hermetic photon veto to suppress KL→π0π0

Waveform digitization

23

KL ! ⇡0⌫⌫
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KOTO stuffs
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Schedule and Sensitivity

Engineering runs w/ full detector

2012 Dec, 2013 Jan, March

May 2013: Physics Run!  ... till the accident

2014: hope to cross the GN limit

3-sigma New Physics if BR>8E-11 by 2018

25



Signal and Background

01/05/2013 Giuseppe Ruggiero - KAON 2013 7

Background
1) K+ decay modes      2) Accidental single track matched with a K-like track

Kaon Decays

Accidental single tracks
Beam interactions in the beam tracker
Beam interactions with the residual gas in the vacuum region.

Signal
Kinematic variable: 𝑚 = 𝑃 − 𝑃

CERN NA62

Decay in flight

Missing mass

Good tracking

Particle ID

Photon Veto to 
suppress

26

K+ � �+��

K+ π+

K+ � �+�0

K+ � �+��

K+ � �+�0(�)

K+ � µ+�(�) K+ � ���



CERN NA62
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

750 MHz primary 
Hadron beam at 75GeV/c 

ϲй�ĂƌĞ�<ĂŽŶƐ 

50 MHz 
K+ rate 

7-10 MHz of Muon Rate 
in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

F. Hahn@Kaon13



CERN NA62 trackers

For K+

 300µm pixels
Δθ ~ 0.016mrad
Δt ~ 200ps

For π+ 
straw tracker
Δx~140µm
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

750 MHz primary 
Hadron beam at 75GeV/c 

ϲй�ĂƌĞ�<ĂŽŶƐ 

50 MHz 
K+ rate 

7-10 MHz of Muon Rate 
in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

3 stations of Si pixel detectors  

– Pixel size:  

• 300 x 300 ʅm2 or 300 x 400 ʅm2 

• 18’000 pixels/ station  

• 54’000 pixels grand total 

– Thickness: 

• < 500 ʅm  = 200(sensor) + 

100(readoutͿ�н�;уͿ�ϭϱϬ�Cooling  

• Ϭ͘ϱй�ŽĨ�y
0 

(per Station) 

– �ĐƚŝǀĞ�ĂƌĞĂ�у�ϲϬ�;yͿ�Ύ�Ϯϳ�;zͿ�ŵŵ2 

– Divided in 10 read-out chips  

 

 

 

Meaures precisely  Kaon 

– Time (ʍt у�ϮϬϬƉƐ�ƉĞƌ�ƐƚĂƚŝŽŶͿ 
– Direction (ʍ 

dx,dy
 у�Ϭ͘ϬϭϲŵƌĂĚͿ 

– Momentum (ȴWͬW�ф�Ϭ͘ϰйͿ 
 

Mounted inside beam pipe around 4 

achromat magnets 

05/01/2013 - FH 10 

Beam Conditions: 

– Overall Rate 750MHz 
– In beam centre 140kHz/pixel 

Overview 

KAON 2013 

GigaTracKer (GTK) 

 

z
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z

Straw
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 Cu + 20 nm
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z
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2 (70/30) 
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Straw
 Tracker 

Straw
s installed inside vacuum

 tank 

F. Hahn@Kaon13



CERN NA62 PID

For K+ For π+ 
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 
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Hadron beam at 75GeV/c 
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50 MHz 
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in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
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ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

  2.2   CEDAR 
  

49 
 

 

  
Figure 17 Schematic layout of the Standard West-Area CEDAR. 

 
Two versions of the CEDAR counter have been built for use at the SPS (1). The North CEDAR, filled 

with Helium gas, is optimized for high energies and the West CEDAR, Nitrogen filled, for lower beam 

momenta. The difference is related to the Cerenkov angle, determined by the beam momentum and 

the refractive index of the gas, and the optical correction, which relates to the dispersion of the gas 

used. It has been verified by a ray tracing program that the West version of this instrument would 

function well for our application using Hydrogen at room temperature instead of Nitrogen, thus 
reducing significantly the scattering of the beam in the gas. The optical design minimises the 

dispersion of Cerenkov light and enables   the aperture of the diaphragm to be reduced. Thus, 

photons produced by charged kaons pass through while light from pions and protons is blocked.  

During 2006, a test run was performed on one of the CEDAR-West Cerenkov counters (filled with N2) 
and validated its ability to distinguish kaons from pions and protons in the NA62 experiment, as well 

as the light spot shape predicted by a simulation program.  It was also found from the simulation 

that the upstream 1.2 metre section of beam pipe containing hydrogen contributes only marginally 

to the efficiency and can thus be replaced by an extension of the beam vacuum pipe. In addition to a 

small reduction in multiple Coulomb scattering, such a modification is helpful in the redesign of the 

optical system necessary to handle the increased photon flux. The main parameters of the proposed 
Hydrogen-filled CEDAR-W counter are listed in Table 10. 

 

The main effects that broaden the light spot at the diaphragm are: 

1. optical aberrations, limited to about 6 microns and therefore negligible; 
2. chromatic dispersion, largely corrected for by the chromatic corrector; 

3. multiple scattering of the beam during its traversal of the gas, minimised by the choice of 

Hydrogen gas; 

05/01/2013 - FH 24 KAON 2013 

RICH Detector 

Beam Pipe 

Filled with Neon Gas 
at 1 atm. 

Mirror mosaic 
Flanges with 

2 x 1000 PMts 

 Length > 17 m; Ø = up to 4m 

05/01/2013 - FH KAON 2013 25 

RICH Detector 
Winston Cones and  quartz windows 

05/01/2013 - FH KAON 2013 23 

Overview 

KTAG (CEDAR) 

• The KTAG is a CERN CEDAR West 
with: 
• extended external optics  
• new photo-detectors 
• new readout 

• Up to 512 PMT’s F. Hahn@Kaon13



CERN NA62 photon veto

large angle photons
leadglass from OPAL

small angle photons
NA48 LKr cal.
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

750 MHz primary 
Hadron beam at 75GeV/c 

ϲй�ĂƌĞ�<ĂŽŶƐ 

50 MHz 
K+ rate 

7-10 MHz of Muon Rate 
in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

05/01/2013 - FH 16 KAON 2013 

Large Angle Veto (LAV) 

3.4   The Photon Veto Detectors  
 

225 
 

3.4.4 The Liquid Krypton Calorimeter (LKR) 

3.4.4.1 Calorimeter Requirements 
 

As it has been explained in section 3.4.1, the Liquid Krypton Calorimeter is a key element for vetoing 
photons from K decays, with the requirement to have a photon detection inefficiency of better than 
10-5 for energies larger than 35 GeV. In addition the calorimeter is supposed to provide trigger signals 
based on energy deposition to contribute reducing the L0 trigger rate.  

 

Figure 206 The LKR calorimeter during the dismantling of the NA48 experiment. 

Another important requirement imposed to the readout is the capability of reading interesting events 
with a basic hardware zero suppression (or even without), leaving to offline algorithms the 
optimization of this job: for example, disentangling a photon shower from a nearby charged pion 
shower could be tricky if a unique hardware zero suppression algorithm is implemented. 

The performance of the calorimeter as used in NA48 has been checked to be good for NA62. Since the 
L0 rate is expected to be two order of magnitude larger, the old readout system will no longer be 
usable, as it was limited to 10 KHz (and many of its components are obsolete already). 

In addition, other subsystems (e.g. the calibration system logic and software) will need updating. The 
calorimeter is fully described in [62], and because of that, it will not be described in detail here. 



CERN NA62 Schedule 
and Sensitivity

45 SM events/year

background <10 events
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Dec. 2008 

NA62 
approved 

Detector Construction 
and Installation 

2018 - 2019 2015 2009 - 2012 2017 

05/01/2013 - FH 2 KAON 2013 

Oct/Nov. 
2012 

Technical 
Run 

2013 - 2014 

LHC 
LS1 

Oct. 2014 

1st Physics 
Test Run 

2016 

LHC 
LS2 Physics Physics Physics 

NA62 Timeline 

• 5 years of construction interleaved with a Technical Run in fall 2012 
• In 2014  a first Run with full detector 
• Plan 3 years of  Physics data taking before LHC Long Shutdown 2 (LS2) 

today 
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7 Spectrometer

The spectrometer proposed for ORKA is illustrated in Fig. 7.1. It will be an improved version of
the E949 detector (see Fig. B in Appendix B).

Figure 7.1: Elevation view of the proposed ORKA detector. The beam enters from the left, and
several key components are labeled.

Kaons will be stopped in a highly segmented active target and K+ ! ⇡+⌫⌫̄ events will be observed
by using a high-precision central drift chamber surrounded by segmented scintillation detectors for
measuring pion range, energy, and the ⇡�µ�e decay sequence, and also an e�cient 4⇡ solid-angle
calorimeter for vetoing events accompanied by gamma rays. An existing solenoid magnet, such
as the CDF solenoid, run with a 1.25-T magnetic field will be used to allow a longer detector
with increased solid angle acceptance and improved momentum resolution. Other improvements
are anticipated, including 4⇥ finer segmentation of the pion stopping-region ‘Range Stack’ (RS)
detectors. The photon veto detector will also be enhanced by using 23 radiation lengths compared
to 17.3 used in E949.

7.1 Magnet

The default plan is to use the CDF solenoid, although the CLEO solenoid is also well suited. The
field will be increased by 20–30% over E949 to 1.2–1.3 T, and the length of the Drift Chamber,
Range Stack and Barrel Veto can be extended in Z from 50 cm to 80 cm to increase the solid angle
acceptance of the detector and made to fit within either new magnet.
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Fermilab ORKA
Sensitivity

210 SM events/year with Main Injector

K beam: x10 E949

acceptance: x11 E949

1000 events / 5 years ➤ ΔBR~5%

Stage 1 Approval

Detector R&D and preparing for next step
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http://www.lnf.infn.it/wg/vus/content/Krare.html
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Stage 3: Addition of the 3-8 GeV pulsed linac, accompanied by upgrades to the Recycler 
and Main Injector. 

 

This report describes the Reference Design for all three stages of Project X. The staging 
strategy, including associated performance goals, is discussed in greater detail in Appendix 1. 
However, the siting and configuration associated with the Reference Design is strongly 
influenced by the staging plan, and a particular siting has been selected for this report 
consistent with the three stage plan. The siting is shown in Figure I-1. As displayed in the 
figure the 1 GeV, 1-3 GeV, and 3-8 GeV linacs are physically distinct, and are connected by 
two isochronous arcs, each with bending angle of 180 deg. Further details on the siting and 
associated conventional construction requirements are discussed in Chapter V. 

 

 

 

Figure I-1: Layout of Project X on the Fermilab Site 

 

 !



Fermilab Project X

High intensity protons for 

neutrinos, K, muons, neutrons

Instead of slow extraction, just accelerate 
and split

39

 

15 
 

 
 

Figure II-2: Bunch structure of the 1 GeV CW linac beam at Stage 1. The pattern 
shown repeats with a 1 Ps period. The linac bunch structure (top) is deconvolved into a 
beam supporting the materials/energy/nuclei program (black bunches) and a beam 
supporting a next generation muon-to-electron conversion experiment (red).  The 
individual bunch intensity is 14×107  with a 50 ps (FW) bunch length. The total beam 
power delivered is 910 kW (black) and 90 kW (red). 

 

Operations become somewhat more complex following completion of the 3 GeV linac at 
Stage 2. It is envisioned to support three experiments at 3 GeV: a muon conversion 
experiment, a rare kaon experiment, and a nuclear physics experiment(s). In parallel the 1 
GeV program established in Stage 1 is continued. Two RF splitters are employed to support 
joint 1 and 3 GeV operations – the splitter at 1 GeV operating at (n+1/2)×162.5 MHz, and at 
3 GeV a splitter operating at (nr1/8) )×162.5 MHz. Figure II-3 shows a possible arrangement 
– the bunch patterns are reproduced every 0.5 Ps, with the bunch train generated by the front 
end (black, red, blue, and green bunches) shown at the top of the figure. This bunch train is 
separated at 1 GeV into two trains with the black bunches receiving a kick from the splitter 
corresponding to arrival at 90o phase and serving as the beam for the 1 GeV program while 
the red, blue, and green bunches arrive at 270o phase and are sent to the 1-3 GeV linac. At 3 
GeV this train is separated into three trains, again depending upon the arrival phase at the 
splitter.  For a peak current of 5 mA (1.9×108 protons per bunch) the average current is 2 mA 
to 1 GeV and 1 mA from 1 to 3 GeV, with 1 MW delivered to the 1 GeV program, and 3 
MW delivered to the 3 GeV program and allocated between the red, blue, and green 
programs as 750/1500/750 kW. The red bunch train is appropriate to a muon to electron 
conversion experiment – a burst of four bunches (~75ns) separated by 0.5 Ps. The blue and 
green trains provide continuous beam at approximately 20 MHz and 10 MHz respectively, 
structures appropriate for rare kaon decays and a variety of nuclear physics measurements. 
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Stage 3: Addition of the 3-8 GeV pulsed linac, accompanied by upgrades to the Recycler 
and Main Injector. 

 

This report describes the Reference Design for all three stages of Project X. The staging 
strategy, including associated performance goals, is discussed in greater detail in Appendix 1. 
However, the siting and configuration associated with the Reference Design is strongly 
influenced by the staging plan, and a particular siting has been selected for this report 
consistent with the three stage plan. The siting is shown in Figure I-1. As displayed in the 
figure the 1 GeV, 1-3 GeV, and 3-8 GeV linacs are physically distinct, and are connected by 
two isochronous arcs, each with bending angle of 180 deg. Further details on the siting and 
associated conventional construction requirements are discussed in Chapter V. 

 

 

 

Figure I-1: Layout of Project X on the Fermilab Site 
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Project X Stage 2

1-3GeV CW Linac

1000 SM KL→π0vv events

+1000 kW for 3rd phase of Mu2e

→ 1200 kW LBNE
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Stage 3: Addition of the 3-8 GeV pulsed linac, accompanied by upgrades to the Recycler 
and Main Injector. 

 

This report describes the Reference Design for all three stages of Project X. The staging 
strategy, including associated performance goals, is discussed in greater detail in Appendix 1. 
However, the siting and configuration associated with the Reference Design is strongly 
influenced by the staging plan, and a particular siting has been selected for this report 
consistent with the three stage plan. The siting is shown in Figure I-1. As displayed in the 
figure the 1 GeV, 1-3 GeV, and 3-8 GeV linacs are physically distinct, and are connected by 
two isochronous arcs, each with bending angle of 180 deg. Further details on the siting and 
associated conventional construction requirements are discussed in Chapter V. 

 

 

 

Figure I-1: Layout of Project X on the Fermilab Site 
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3-8GeV Pulsed Linac
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Stage 3: Addition of the 3-8 GeV pulsed linac, accompanied by upgrades to the Recycler 
and Main Injector. 
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Charged Lepton Factories
Belle II, LHCb Upgrade = τ factories

lepton flavor violation in τ decays

J-PARC, Fermilab, Project X = µ factories

µ→e conversion

µ g-2

µ EDM

➤Friday: “Charged Lepton Physics” by S. Mihara
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Summary
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LHCb

KOTO, Project X

NA62, ORKA
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�, S(Bd � �K, �K), S(Bs � ��, ��, ��),
Bs � µ+µ�, Bd � µ+µ�, AFB(B � K�µ+µ�), · · ·

KL � �0��

K+ � �+�� + many rare decays
G. Isidori, Y. Nir, G. Perez, Ann. Rev. Nucl. Part. Sci. 60, 355 (2010) / arXiV 1002.0900

|Vcb|, |Vub|, S(Bd � K��), ACP (b� s�),
B � ��, B � µ�, B � K��, �D, · · ·



New physics beyond 
standard model
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