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ILC Physics Goals

EWSB
— Higgs
* Mass (~50 MeV at 120 GeV)
« Width
* BRs (at the few% level)
* Quantum Numbers (spin/parity)
+ Self-coupling
— Strong coupling (virtual sensitivity to several TeV)
SUSY particles
— Strong on sleptons and neutralinos/charginos
Extra dimensions
— Sensitivity through virtual graviton
Top
— Mass measured to ~ 100 MeV (threshold scan)
— Yukawa coupling
W pairs
— W mass

Jim Brau
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*\Well defined initial state
eDemocratic interactions

Higgs recoiling from a Z, with known CM energy!, provides a powerful channel
for unbiassed tagging of Higgs events, allowing measurement of even invisible
decays (U - some beamstrahlung)
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Demands Precise Tracking
500 fb!@ 500 GeV, TESLA TDR, Fig 2.1.4
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Measurement of BR’s is powerful
Indicator of new physics
e.g. in MSSM, these differ from

Anticipate a Light Higgs — Then What?

the SM in a characteristic way.

Higgs BR must agree with MSSM
parameters from many other
measurements.

Mass (GaV)
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The Electroweak Precision Measurements :'IP
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Elementary interactions at known E_,” and ang. mom.
€g. ete—> ZH * beamstrahlung manageable

Democratic Cross sections _
eg.o(ete->ZH) ~ 1/2c(ete-—>dd)

Inclusive Trigger
total cross-section

Highly Polarized Electron Beam
~80%  (+ positron polarization — R&D)

Exquisite vertex detection

0. Rpeampipe ~ 1 CMand o ;;~3 um

Calorimetry with Particle Flow Precision

94

P

lcosBl<i).

yvs

GE/ E -~ 30-40%/\/E ”H o AT L PO
i 190GeV ‘ 410GeV
Advantage over hadron collider on precision meas. 10 ——— ,
eg. H—ccC 200 400 600 800 1000
Vs (GeV)
Detector performance translates directly into effective luminosity
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Ui ILC Milestones

« 2004 Aug. ICFA Decision of SC Technology
(ICHEP at Beijing)

« 2005 Aug. Formation of GDE (Snowmass Workshop)

« 2005 Dec. BCD (Baseline Configulation Document)
completed (Frascati Workshop)

o 2007 Feb. Draft of RDR (Reference Design Report)
with Cost to be open to public (Beiing GDE Workshop)

Electrons Positrons

Undulqmr

Main Linac Damping Rings Main Linac

Then,

 EDR (Engineering Design Report), Site
Selection, Approval, Construction...



....;.l.l‘ ILC Schematic

',b Global Design Effort

— 11km SC linacs operating at 31.5 MV/m for 500 GeV

— Centralized injector
 Circular damping rings for electrons and positrons
« Undulator-based positron source

— Single IR with 14 mrad crossing angle
— Dual tunnel configuration for safety and availability

~31 Km

Not to Scale

€
e-le+ DR ~6.7 Km

RTML RTML

e+ Linac

30m radius
UNDULATOR 4

e- Linac

~1.33 Km 11.3 Km +~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km



1le
‘ o '.,b Global Design Effort ILC Param eters

* Overall parameters
— 2e34 peak luminosity
— 80% collider availability = 500 fb-1 1st four years
— 9.0 mA average current during beam pulse
— 0.95 ms beam pulse and 1.5 ms rf pulse length
— 5 Hz operation and 230 MW power consumption

 Beam parameter ranges defined for operability
— 1000 to 5400 bunches
— 1el10to 2e10 per bunch
— Beam power between 5 and 11 MW
— Bunch length: 200 to 500 um at IP
— IP spots sizes: 6, ~ 350 — 620 nm; o, ~ 3.5—-9.0 nm

ILC RDR Management Meeting - SLAC 9



Lieciurs Elqntrﬂn SOUrce

'
L}

« Polarized gun (laser on surface) polarization
. SHB > 80%

« NC TW L-band tapered (3=0.75->1) buncher
« SC linac to 5GeV

Damping Ring

</N\SN0L
<N\0CL

Energy Compression

Spin Rotation Faraday Cup
and Mott Polarimeter

NC tune-up dump {11.3 kW)
SC e” LINAC (5.0 GeV) (13.5W)
[ ] e
= = DCGun (22
=

5 - 1
SC tune-up dump (311 kW) > % g ’/
()] gx10MW Energy Collimation 1OMW  TOMW  10MW = ®
(D (Vertical Chicane) SPARE q =
LO L-band (beta = 0.75) TW Bunching SHB Diivia
and Pre-Acceleration {agar
{above
Ground)
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- Positron Source
 Undulator scheme

— Electron beam at 150GeV
+—400m— PPA[125-401ME\.-‘]

~147GeV e- Target
150GeV e-
— AN

PBSTR {Cryo-modules for
U ' boosting energy up to 5GeV)
J
¥ 5k

4 m

helical undulator v dump
X
e- dum
Collimator OMD [~1;—5nlll|'ljem i Damping ring
(T polarization upgrade )
— Undulator

» Helical, superconducting
* length ~100m (~200m for polarized e+)
« K=0.92, A=1.15cm, (B=0.86T)
— Needs keep-alive source’
* 10% intensity
» Share 5GeV linac
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Damping Ring Schematic Layout

Arc 2 (818 m)

wiggler

wiggdler
short straight A (249 m) -

‘shaﬁilarge cavern A
8 RF cavities

Arc 1 (818 m)

short straight B {249 m)

Arc 3 (818 m)

*1e- and 1e+ ring in same tunnel
*Beam energy 5GeV
«Circumference 6.7km
*Requirements
*Bunch population 2x101°
*Number of bunches ~2600
(max ~5100)

*Extracted beam
L long straight 1 (400 m) long straight 2 (400 m) tracti *Norm.emittance
injection ‘}4\% ol EXtraction gyx= 8um, gyy= 0.02um
small cavern 1 g b small cavern 2 Bunch |ength 9mm
*Energy spread 0.13%
Arc 6 (818 m) Arc 4 (818 m)

10 RF cavities
shaft/large cavern C’

wiggler

short straight D (249 m)
wiggler

Arc 5 (818 m)

A. Wolski

short straight C (249 m)

e-: counter-clockwise

2 vertical shafts

4 Feb. 07 GDE, IHEP, China
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* Must extract bunches one-by-one

bunch to be extracted next

kicker magnetic field
position extracted already

Main Linac

Damping Ring = - |

« Specification 12
— rise, fall time < 3ns
— rep.rate 6.5MHz
— pulse length 1ms
— stability < 0.1%
(can be relaxed by feedforward)
 Fast kicker needed 0.4 I
Negatw%c I’ulse}

— A system with fast pulser \
and stripline developed o |
at KEK. Unit test done.

i IoT

Rise time= 2.2ns

=
B

e
o-——t'p*

=
=8
=

Kick angle(a.w.)

6 8 10 12
Time(ns)
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-"E ILC Value - by Area Systems

4500
4,000 - Main
3,500 - = Cost
3,000 - Driver
=
< 2500
L
; 2 000 Conventional Facilities
-
1500 Components
1,000
H H == -
0 B
Main e+ BDS C-::mmc:n Exp Hall e-
Linac Source Source
04-Feb-07 Global Design Effort
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 Length ~11km x 2 (Average gradient 31.5MV/m)
« 2 tunnels (diameter 4.5m)

4 Feb. 07 GDE, IHEP, China Global Design Effort 26



Cavities

Several multi-cell cavities have met |ILC specifications
— In production mode yield of multi-cells is not yet sufficient
— Single-cells have achieved much higher gradients

Program to address this issue Is being developed e.g.
— Define goals

— Make Results more comparable

— Develop common set of parameters

— Assess global capabilities

— Synchronize efforts

Outcome should give confidence for the technical design

phase

— Staging i.e. intermediate goals can help to account for progress

— Overall cavity count and test capacity for R&D program is small
compared to ILC numbers

This should demonstrate an effective model of international

coordination of R&D efforts ¥
Lutz Lille DESY -MPY- y r. 23.07.2006

LY
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Proof-of-Principle: TESLA Nine-cell Test
S 8 8
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e 16K Note the different test temperature in this

low power performance test: 1.6 K-2K
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i,',': Single IR with Push-Pull Detectors

» Large cost savings compared with 2 IR
— ~200M$ compared with 2IR with crossing
angles 14+14mrad
* Push-pull detectors
— Task force from WWS and GDE formed

— Quick conclusion is
* No show-stoppers
» But need careful design and R&D works

BTD el il T mBE e e ™~ A [Fomsvmpm mbin pom?
1 Allernative

* ZIR SNOUIC DE IETL a8 d _
waiting detector L

r—pep— - P
F. _J T — —
/ working detector
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Concept of IR hall with two detectors

The concept is evolving
may be_bI 1., and details being
e worked out
during run
accessible
deing run Platform for electronic and
services (~10*8*8m). Shielded
AN detector (~0.5m of concrete) from five
N B sides. Moves with detector. Also

provide vibration isolation.

i i | o |

A. Seryi, Feb 4, 2007, Beijing
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The reference design was
“frozen” as of 1-Dec-06 for the
purpose of producing the RDR,
including costs.

It is important to recognize this
is a snapshot and the design will
continue to evolve, due to
results of the R&D, accelerator
studies and value engineering

The value costs have already
been reviewed twice

» 3 day “internal review” in Dec
« ILCSC MAC review in Jan

RDR Design & “Value” Costs

Summary
RDR “Value” Costs

Total Value Cost (FYO07)
$4.87B Shared
+

$1.78B Site Specific
+

13.0K person-years

(“explicit” labor = 22.2 M person-
hrs @ 1,700 hrs/yr)

Note — these costs are for the machine, and DO NOT include
R&D, land, detectors, inflation, or contingency 20




;,',': Next Steps for the Global Design Effort

 Finalize RDR

— Check inconsistencies

— Possible final small changes
— ILCSC-MAC review in ~April
— Final form in summer

« Organization of GDE for the next step

— Next milestone EDR (Engineering Design
Report) around 2009.

— Coordination of R&D essential
— Engineering stage
— To be decided in the next couple of months

4 Feb. 07 GDE, IHEP, China Global Design Effort 39



‘é“iéctor Requirements are defined by
ILC machine parameters
physics goals

ILC creates new challenges and opportunities,
different in many respects from the challenges and
opportunities of the LHC detectors

Physics motivates
Triggerless event collection (software event selection)
Extremely precise vertexing
Synergistic design of detectors components:

vertex detector, tracker, calorimeters integrated for optimal jet
reconstruction

Advanced technologies based on recent detector innovations

Detector R&D to optimize ILC opportunity is critically needed

Detectors for the ILC

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007
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o Event rates (Luminosity = 2 x 1034)
% e*e — qq, WW, tt, HX

-~ 0.1 event /train
v ete- —> efeyy —» ete X

« ~ 200 /train

o(fb)

o Background

y*"v 400G 1r
H'H 220GeV

% 6 x 1070y / BX (from synchrotron radiation, R

scatters into central detectgzro) 200 40 60 80 1000
» 40,000-250,000 e*e-/ BX (90-1000 TeV) @ 500 GeV ~ * @V
% Muons: <1 Hz/cm?Z (w/ beamline spoilers)
% Neutrons: ~3 x 108 /cm?/ yr @ 500 GeV

Ref: Maruyama, Snowmass 2005

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 23



Linear Collider Events

o Simple events (relative to
Hadron collider) make particle
level reconstruction feasible

- —

o Heavy boson mass resolution
requirement sets jet energy
resolution goal

N\

e'e” >WWyvy |, e'e > Z7Zviv

AE,..=.0.60 B 10l ABe=0.30 VEu .

This event shows
single bunch crossing in tracker,
150 bunches in the vertex detector

60%-/E

Jim Brau Aspen January 12, 2007 24



The Concepts BT R

©Rey. Hori

See Detector Outline Documents for details - http://physics.uoregon.edu/~lc/iwwstudy/concepts/

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 25



The Concepts o
T
Tracking | ECal Solenoid | EM Hadron Other
Inner Cal Cal
Radius
SID | silicon 1.27 m 5Tesla |Si/W Digital Had cal
(RPC..) inside
l coil
LCD | TPC 1.68 m 4 Tesla | Si/W Digital Had cal
gaseous l T or Inside
Analog coil
GLD | TPC 2.1m 3Tesla |W/ Pb/ Had cal
gaseous Scin. | Scin. inside
coil
4th TPC crystal | Compen- | Double
gaseous sating Solenoid
fiber (open mu)
Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 26



CALORIMETRY IS THE STARTING
POINT IN THE SiD DESIGN

assumptions

o Particle Flow Calorimetry will result in
the best possible performance

o Silicon/tungsten is the best approach
for the EM calorimeter

o Silicon delivers robust tracking with
excellent resolution in smaller volume

o Large B field desirable to contain
electron-positron pairs in beamline

o Costis constrained

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 27



Detector R&D Required o

« Performance requirements for ILC Detector exceed state-of-the-art

— Calorimeters with ~100 million cells
- Jet resolution goal ~ 30%/ VE

— Pixel Vertex Detector with  ~10° <20 um pixels
» Impact parameter resolution 5um @ 10pum/(p sin®?6)
» Sensitivity to full 1 msec bunchtrain

— Tracking resolution  o(1/ p) <5x10°/GeV
. TPC
 Silicon microstrips

— High Field Solenoid ~ 5 Tesla
— High quality forward tracking systems
— Triggerless readout

« R&D Essential

DISCOVERY OPPORTUNITY IS GREAT

- limited by detector performance
small cross sections/significant backgrounds
- advances different from LHC required

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007
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Example of ILC Detector R&D: il
Silicon/Tungsten EM Calorimetry "o
SLAC/Oregon/BNL/Davis/Annecy
Dense, fine grained silicon tungsten calorimeter

(builds on SLC/LEP experience)
o Pads: 12 mm?to match Moliere radius (~ R,/4)
o Each six inch wafer read out by one chip
o < 1% crosstalk
Electronics design
o Noise < 2000 electrons

o Single MIP tagging (S/N ~ 7)

o Dynamically switchable feedback capacitor
scheme achieves required dynamic range: 0.1-
2500 MIPs — 4 deep storage/bunch train

Passive cooling — conduction in W to edge

Metallization an detector from KPix Front End
to cable

Chi

Kapton Data Cable
J‘/

—— Kapton

& non € e B4 Varar

Gap =1 mm Thermal conduction adhesive

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 29



Example of ILC Detector R&D: /s

Chronopixel (CMQOS) JIE

Yale/Oregon/Sarnoff

|

o Completed Macropixel design last year
— Key feature — stored hit times (4 deep)
% 645 transistors
v, Spice simulation verified design

% TSMC 0.18 um :> ~5O um pixel ' | . Tlr:ropifel(-o[meSclu:tLoglc |,3gil%0ul

» Epi-layer only 7 um oA
+ Talking to JAZZ (15 um epi-layer)
v 90 nm = 20-25 pum pixel
o January, 2007
v, Completed design — Chronopixel

- Y
DDDDDDﬁi:
a5 a3 s

Column Data Bus

aapoasg] [eara s, [axid osoepy

12 bits are needed and 13" and 14% bits are for checking the parity. Since average multiple impac
is architecture.

Timing | probability per pixel is assumed to be 4, 14 (H) x 4 (V) F/F's are needed in this architecture

« 2 buffers, with calibration 56.3
. Transistors
v Deliverable — tape for foundry (2 buffers
o Near Future (dependent on funding) +calibration)
% Fab 50 pm Chronopixel array |

= 50 pm X 50 pm
« Demonstrate performance i DU B u

% Then, 10-15 um pixel (45 nm tech.)

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 30



,!E The GDE Plan and Schedule

2005 2006 2007 2008 2009 2010

CLIC
~~

\
| | | \

| | AN
Global Design Effort /”‘ Project >
| | a4

- Baseline configuration

- Reference Design

> ILC R&D Program

> Expression of Interest to Host

> International Mgmt
4

Technical Design

04-Feb-07 Global Design Effort
GDEJACFA Intro Beljing



e

Detector Roadmap (the future) g

DETECTOR ROADMAP PROPOSAL
UNDER DISCUSSION (not yet implemented)

o 2008 — Two detector concepts selected to initiate
engineering design effort

o 2009-2011 — Development of two technical designs,
produce first engineering design report for the overall detectors,
which will be followed by additional volumes
(detailed technical reports on subsystems)
Detector R&D continued

Presented by WWS at ILCSC meeting in Valencia, Nov 11, 2006
and again at Beijing ILCSC meeting February 8, 2007

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 32



CONCLUSIONS BT

o The last 2 years have produced F
a reference design with a cost [
estimate for the ILC

o Physics and Detector community - A N
prepares in parallel with the Global
Design Effort for the experimental
program

o Next steps for machine and detectors — Engineering Design completed in
~2010, and construction start soon after

o Thank you — K. Yokoya, T. Raubenheimer, A. Seryei, L. Lilje G. Dugan,
B. Barish, and my colleagues in the World Wide Study

Jim Brau ILC C2CRO07, Granlibakken March 1, 2007 33
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ilr

JLr
Balance between cost
per unit length of linac,
the available technology,
and the cryogenic costs

Optimum is fairly flat
and depends on detalils
of technology

« Current cavities have

T.L

L
1.18

Main Linac Gradient Choice

b ———— e e e e -

D.98 : " :
. 0 35 40 45 S0 &0
optimum around 25 MV/m A

Cavity Qualified Operational Length Energy

type gradient gradient Km GeV

MV/im MV/m

initial TESLA 35 31.5 10.6 250

upgrade LL 40 36.0 +9.3 500
04-Feb-07 Global Design Effort 29
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Design Parameters

Center-of-mass energy
Peak luminosity
Availability
Repetition rate
Duty cycle
Main linacs
Average accelerating gradient in cavities
Length of each main linac
Beam pulse length
Average beam current in pulse
Damping rings
Beam energy
Circumference
Length of beam delivery section (2 beams)
Total site length

Total site power consumption

Total installed power

2 5 1034

3

500 GeV
—1

1.5 MV /m

11 km
1 ms

9.0 mA

230 MW
~300 MW

04-Feb-07

Global Design Effort
GDE/ACFA Intro Beljing
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Electron Cloud

 Secondary electrons attracted by positron beam causes an instability
« Max of SEY (Secondary Electron Yield) should be < 1.1
 Possible cures

— Coating with NEG

— Solenoids in free field region

— Grooves on the chamber wall

— Clearing electrode

Secondary Electron Yield of TiZr'V NEG, measurement at 200K SEY mayx Conditionning : T=300K, Z3deg incidence, 130eV beam

2 T T I T I T ™ T ™7 T
— As received 2? ;
— Activated 216C 77 2 Hrs 160
18+ — Activated (16hrs in Vac) *
o,
.«
15/ 5 17JL 9 i
o £ & @i,
2 3 ﬂ‘ 1
@ I E
>14 s B
o [ ‘ L
% S 15
w12 i
= w14
2 >
W
‘N 212
w0 [a]
08 v&i L Tita
; Q¢ TiZrVW/SS (CERN 145D vac)
141 & TIZrVAI (SAES 137D vac) o O
0 TINIALE2{BNI as recaived) ey Set
e & TINGSS #E3L(BNL as received) B
11 o TiNJAI #1(LBL-Baked 150C) ‘ : :
2 TINFAL H2(LBL-as received)
04 B e e e e e e e ) 09 s ru s T I e
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 10" 10° 10" 10 10° 10"

Energy : eV
Dose : uC/mm

4 Feb. 07 GDE, IHEP, China Global Design Effort



* |ons created from ionization by electrons are
attracted by electrons and cause instability

« Cures
— Low vacuum pressure ~1nTor
— Bunch-by-bunch feedback system
— Gaps between bunch trains

4 Feb. 07 GDE, IHEP, China GIObaI Design Effort 24



SRl 1 K Uni
 Bouncer type modulator
* Multibeam klystron (10 MW 1.6 ms)

Cavity : TESLA sh
31.5MV/m i(lt'1>|:’*2.)l)—1E1 0

cryomodule : 3 cryomodules / RF unit,

(35MV/m @Q0>0.8E10 qualified) Q- magnet + X&Y correctors 8 cavitles / cryomodule

Blade tuner, Piezo tum;Ir supportpost +BPM ( total 24 cavities/RF unit)

TIF3 coupler in center of cryomodule,

Q-magnetin every 3 cryomodules
cwomodu le: connecﬂ on cryomndu le connection HOC e
[ | \ = | | | | ’F‘ n
Linear RF Power distribution :mlw Kne mw Une sp"ma, —— /miu
stub tuner eryomodule

with circulator & stub or EH tuner for every
cavity input

puimp

High power Att

Bouncer Modulator

Front end electronics

This figure is a bit old _
(8+8+8) et

socket assembly

1:12 Pulse Trans

RF power system should accommodate
35MV/m operation.
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T Evolving Design - Cost Reductions

—*— Accumulated Cost Savings ™  Each Cost Savings

July 2006

Y%reduction to the Vancouver estimate

Some possible cost reductions (e.g. single tunnel, half

RF, value engineering) deferred to the engineering phase

04-Feb-07 Global Design Effort 16
GDE/ACFA Intro Beijing
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« Task Force SO created a report for the R&D
program to establish 35 MV/m (vert.test)

— Tight-loop process
repeated surface treatment with small number
of cavities including exchange of cavities
among Asia-US-Europe in 2007

— Production-like process
many cavities with the same recipe

 Time line
— decide cavity type by ~mid 2008
— Establish high yield by ~mid 2009

« Task Force S1 for establishing 31.5MV/m
(average gradient)

4 Feb. 07 GDE, IHEP, China Global Design Effort 31



