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Ph.D. Thesis: 
A Study of Charged D* Mesons Produced in  e+e- Annihilation at Ecm = 29 GeV

California Institute of Technology 1986

PEP Storage Ring

Stanford Linear 
Accelerator Center (SLAC)

DELCO Detector



𝑒"𝑒# → 𝐷∗"𝑋
𝐷∗"→ 𝐷(𝜋*" → (𝐾#𝜋")𝜋*"

Measurements:
1. Production cross section
2. Fragmentation function
3. D0 lifetime
4. D0-D0bar mixing upper limit

𝐷∗"→ 𝐷(𝜋*" → -𝐷(𝜋*" → (𝐾"𝜋#)𝜋*"

D0-D0bar mixing → ’wrong sign’

But, doubly-Cabbibo-suppressed decay
(DCSD) also leads to wrong sign:

𝐷(𝜋" → (𝐾"𝜋#)𝜋*"

One of the first Ph.D. thesis in HEP to use TeX and 
embedded graphics (~1984)



Possible Solution for DCSD in measuring D0 Mixing

From log book (page 7 / 7)

From the thesis

On 𝛹’’ → D0 D0bar, look for (K-pi+)(K-pi+),
The effect of DCSD cancels and only the mixing
effect remains.



Advisor: Barry Barish

⽩⾦台 ⼋芳園にて



Inclusive Decay Distributions of Coherent Two-body States
Phys.Rev.Lett. 79 (1997) 2402-2405

Satisfied for                                                                    etc. 

does not satisfy



F Factory 

l Proposed to use f → KK to study CP violation in K decay
(this had been proposed earlier by Kamae et al.)

l Bruce Winstein (U. of Chicago) was on sabbattical at SLAC, 
and we discussed Kaon experiments.

l It turned out that E731 (Bruce’s experiment) had already the 
amount of data that f factory can collect in 10 years.

l So, I joined his group.



Fermilab E731: Direct CP Violation in K0 System
PI: Bruce Winstein

Γ(𝐾1 → 𝜋"𝜋#)/Γ(𝐾3 → 𝜋"𝜋#)
Γ(𝐾1 → 𝜋(𝜋()/Γ(𝐾3 → 𝜋(𝜋()

= 1 − 6𝑅𝑒
𝜖′
𝜖

Search for direct CP violation:

This ratio should be 1 if no direct CPV

Double KL beam
Alternating regenerator

A key challenge: KL→3p0 background



Background from KL→ 3p0

A simulation study showed that
KL→ 3p0 with photons lost in the
sweeper magnet reconstructed as
KL→ 2p0 reconstructed in the decay 
region.

Surround the vacuum pipe inside the
sweeper magnet by scintillators.
ü Photon will convert in the vacuum pipe.
ü Need to protect PMT’s from B field

３air gap layers with high mu cylinders

KL→ 3p0 background reduced by ½.
‘Sweeper anti counter’
(or ‘Super-nova anti’ 

- supernova 1987a)

Sweeper Magnet



Scattering in the Regenerator

ring number

ring number

Measure the scattering by p+p- mode
and simulate it as p0p0 mode.

Agreed well with the tail in the ring number
(absolutely). No criticism from the competitor
Afterwards.



CLEO at CESR
(From Harvard University)

CLEO DetectorCornell Electron Storage Ring (CESR)



TOF Time Resolution Problem 

Left PMT Right PMT
Some counters had very bad time resolution.

The pattern in the plots can be explained if
One assumes that the speed of light is 
different for left and right directions.

This can happen if one side had broken joint 
for PMT.

Using different speed of light for left and 
right improved time resolution by factor of 
~3. (~ 600ps → ~ 200 ps)

The analysis was complete ~1 week after I 
joined CLEO, and presented at a general 
CLEO meeting.track hit location

Left
Left Right

Right

Difference beween expected and actual times

TOF: responsibility of Harvard



CLEO 1.5 IR Beampipe
Designed for heating
from inside = 400 W

First double-wall Be beampipe.
Became the standard for 
B-factories later.

Water coolant.

No vacuum-to-liquid joints
Electron beam welding
Brazing

Au coated inside for X-ray
blocking.

Heavy masks on both sides of
this beampipe for particle
background



Dave CinabroStu Henderson

Beam Background Studies

SR Background Particle Background
Two Harvard postdocs

→ Cornell accelerator physics
→ SNS 
→ Director, Fermilab accelerator division
→ Director, Jefferson lab

→ Professor at Wane State University



Cautious attitudes at 
Cornell Accelerator 
division regarding the 
double-wall design with
liquid cooling.

Analysis of single-wall gas cooling
That showed problems



~10 years later:
CESR Exhibition room



Lecture on Quantum Field Theory
• Given at Harvard University Graduate School 1993 – 1998.
• Lectures based on the above was also given at Univeristy of Hawaii and at 

Tohoku University.
• Tohoku U. ‘Advanced High Energy Physics (IGPAS)’ (⾼エネルギー物理学特論）

and ‘Science of Particle-Matter Hierarchy’（物質階層融合科学特論).

• The lecture note is to be published by Gordon and Breach as ‘Introduction to 
Quantum Field Theory and Applications to Particle Physics’.



Phases of Discrete Symmetries
- C, P, T Symmetries -

Arbitrary phase depending on 
particle type (n), momentum (p) and spin (s).
Defines the parity operator P in Hilbert space.
Can they be taken such that P commutes with S operator?



Choice of Parity Phase
In order for the interactions such as

to commute with P, the phases should satisfy

Are interactions essential?
open E-mail discussion with Weinberg

(first, they should not depend on p and s)



Space-Time and Spinor Space

Antilinear Operator (T etc.)



Antilinear Operator (T etc.)
Formalism by Inner Products



KEK B-Factory and Belle Detector
KEK B-Factory Belle Detector



MDI and Beam Backgrounds



StarBall (or ‘Star Wars’)
Beam background hot spot explorer

Hung from the crane and runs
along the beamline.

Directional resolution:
R = 12 cm is much better
Than R = 10 cm 



StarBall (or ‘Star Wars’)

Identified a few hot spots



Death of SVD (silicon vertex detector) Layer 1

In 1999, in a matter of a week,
Most of the SVD layer 1 has ’died’.

What killed SVD?

SR or particles?



Beam steering can place the
beam in a dangerous configuration

The IR beampipe shows that the
problem is clearly SR





Hulya Guler

Particle Background Study



SVD 1.0 IR Beampipe

Cavity Structure? (resonance HOM heating)
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HOM Resonance Study

When the time difference of e+ and e-
bunches is integer times the
HOM resonance period, a resonance
can be excited.

HOM resonance as expected 
from geometry is observed.

Can the LER Ta mask be removed?



Sanjay Swain

Grad. student at Hawaii →
Associate prof. at INISER India 

SR Background



Karim Trabelsi

Postdoc at Hawaii → KEK 
→ LAL Orsay research director

Particle Background



What Beampipe Radius to Take?

Old design 

Which one to take?

HY: ‘You should not trust this study
- I mean there is a range of uncertainty’

R = 1.5 cm was taken in the end.
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Belle SVD2.0 Beampipe

For particle background

No SR mask on this (LER) side
Diaphragm structure

PF200



HER Synchrotron Radiation



Gold coatingInner and outer cylinders

Inner cylinder



Completed Belle SVD2.0 Beampipe

He leak test
Gold sheets and BR127 coating 

2 beampipes made
~4000 万円 each



After 2001, SR study is handed over to 
Tesuo Abe – A postdoc of Tohoku U.

2nd victim of our MDI effort to move to accelerator
(1st is Stu Henderson)
Now a associate professor in accelerator
physics at KEK, an expert in RF design.



International Linear Collider

TDR ‘Baseline’:
l Ecm = 500 GeV
lPolarization (e+/e-) = ±0.3/±0.8
l 2x1010 particles/bunch, 1312 bunch/train, train: 5 Hz
lWall plug power = 163 MW

Starts as a Ecm = 250 GeV Higgs Factory



ILC Organization for Physics/Detecor

Worldwide Study (later under Research Directorate)
Asia:                    HY
Europe:               David Miller → Juan Fuster
North Americas:  Jim Brau

Linear Collider Collaboration (LCC) 2012 ~
Associate director for physics and detectors: HY
(until physics department chair in 2017)

Regional reps
Asia: Keisuke Fujii
Europe: Juan Fuster
North America: Dimitri Denisov

Many WG’s

Juan Fuster

Jim Brau



Luminosity vs Energy of Proposed e+e- Colliders

l FCCee/CEPC points are for 1 IP
(their CDR have 2 IPs)

l LC Higgs Factory numbers do not 
include effective x〜2.5 by 
polarization
(polarization effect next slide)

l ILC 10 Hz collision requires ~ILC500

l Capability of 250 GeV Higgs factories 
are similar

250 GeV Higgs Factories

(Inputs to ESU)



Power of Polarization

l 2 ab-1 at 250 GeV (polarized) is ‘roughly’ 
equivalent to 5 ab-1 at 250 GeV (unpolarized) 

l Effective luminosity 〜 x 2.5 by polarization

HL-LHC plus
ILC (polarized or
unpolarized)

ILC Polarization:
(e- e+) = (±0.8 ±0.3)
(-+, +-, ++, --) =

(45%, 45%, 5%, 5%)





Inclusive Decay Distributions of Coherent Two-body States

Using the generalized Bell-Steinberger Relation

one can prove the following orthonormality relation:


