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Higgs and the Standard Model
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Higgs Factories

* |nexpensive

e Can produce Higgs particles at a rate of
~10,000 per year
— Luminosity not the ideal measure of machine
performance

— Most comparisons will be done using Higgs
production rates instead



Higgs Factories: Types

Circular Collider
Linear Collider
Muon Collider
vy Collider



Circular Higgs Factory

* Advantages
— Understood technology
— Some designs can use existing tunnels
— Can have more than one detector
— Large tunnels can be reused for Hadron machines

* Disadvantages
— Synchrotron Radiation
— Beamstrahlung
— Low Emittance lattices
— Requires Positron source



Fermilab Site-Filler

Higgs factory
e Beam Energy = 120 GeV
* SR power, both beams=100MW
¢ |nitial luminosity=5x1033 cm2 s!
e Bx*, By* = (20, 0.2) cm
* Beam-beam tune shifts =(0.067, 0.095)
e Beam current =5 mA

Z Factory

e Beam Energy = 46 GeV
e SR power, both beams= 60 MW
e |nitial luminosity=3x103* cm2 s’!

e Beam-beam tune shifts=(0.032, 0,045)

e Beam current =134 mA

Fermilab Site Filler rings
Circumference = 16 km

T. Sen e+e- ring at Fermilab



LEP3 & TLEP

Beyond HE-LHC : new tunnels in Geneve area

47 km — 80 km

1) 42 TeV c.o.m. with 8.3 T (present LHC dipoles)
2) 80 TeV c.o.m. with 16 T (high field based on Nb3Sn)
3) 100 TeV c.o.m with 20 T (very high field based on HTS)

b M

John Osborne (CERN), Caroline Waafjer (CERN]

" ,_\,‘-:L 3 Lake Geneva

Figure 9. Two possible location, upon geological study, of the 80 km ring for a Super HE-LHC (option at
left is strongly preferred)




SuperTRISTAN

5 !‘ N i .y . ¥ ; T Rail| e
gon SN — ‘ N e

o - T L TS o e
55 i\ MG h
mguperTRISTAN/clo R
\ \\ / : » A"gj/ LR |
,-;',.."-' ,\\ N & ﬁEEBJ&E "9
':.',,1} : .; \\\ .F‘.::m J
b ¥ " T T
. b

REURE g

L 'y 'l
/ ) EIN

N 00 ) aHOW RS G N aes _—
C.Biscari - "High Energy Accelerators" 13 Feb. 2012 K ide (KEK)



China Higgs Factory (CHF)

What is a (CHF + SppC)

e Circular Higgs factory (phase 1) + super pp collider
(phase Il) in the same tunnel pp collider

e e* Higgs Factory

YRALRD RGN T A

2012-11-15 HF2012 Institute of High Energy {itftysics



China Higgs Factory (CHF)

Conclusion (Q. Qin)

e A CHF + SppC was proposed in IHEP for high precise
probe of Higgs, and new discovery of physics as well.

e Main parameters and basic lattices are studied and
further iterations are required.

e Budget and time schedule are not yet estimated.

PO HEED E B

2012-11-15 HF2012 Institute of High Energy {jrysics



LEP3/TLEP R&D items (F. Zimmermann)

" choice of RF frequency: 1.3 GHz (ILC)
or 700 MHz (ESS)? & RF coupler

= SR handling and radiation shielding
(LEP experience)

" beam-beam interaction for large Q.
and significant hourglass effect

" |R design with large momentum
acceptance

" integration in LHC tunnel (LEP3)

" Pretzel scheme for TERA-Z operation



How can one increase over LEP 2 (average) luminosity by a factor 500
without exploding the power bill?

Answer is in the B-factory design: a very low vertical emittance ring with
higher intrinsic luminosity

electrons and positrons have a much higher chance of interacting

= much shorter lifetime (few minutes)
= feed beam consituously with a ancillary accelerator

Accelerator ring

Collider ring




Top-up Injection: Schematic Cycle

R beam current in collider (15 min. beam lifetime)

_ I\l\r
99%

almost constant current

energy of accelerator ring
120 GeV

>

injection into collider

injection into
accelerator

10 s



PEP-II/BaBar Top-Up Injection (Accelerator)
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Top-up Injection: Schematic Cycle
Conclusions (J. Seeman)

1 AR

Dl AN

Top-up injection will work for a Circular Higgs Factory.

A full energy Injector Is needed.

A synchrotron injector will work the best but is more than is
needed. (60 Hz)

A rapidly ramped storage ring is likely adequate. (4 sec)
A slowly ramped storage ring injector doesn’t make the
luminosity constant enough.

The detectors will need to mask out the buckets with
damping injected bunches during data taking.



Linear Higgs Factory

* Advantages

— Significant design work has already been
performed on a global scale

— Allows for high energy reach with Leptons

* Disadvantages
— High Cost

— Work remains on industrialization of major
components

— Requires positron production



ILC as a Higgs Factory
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JAHEP Statement (October 2012)

Proposal for Phased Execution of the ILC Project

The Japan Association of High Energy Physicists (JAHEP) accepted the
recommendations of the Subcommittee on Future Projects of High Energy Physics®
and adopted them as JAHEP's basic strategy for future projects, in March 2012.
Later in July 2012 a new particle consistent with a Higgs Boson was discovered at
LHC, while in December 2012 the Technical Design Report of the International
Linear Collider (ILC) will be completed by the worldwide collaboration.

On the basis of these developments and following the subcommittee's
recommendation on ILC, JAHEP proposes that ILC shall be constructed in Japan
as a global project based on agreement and participation by the international

community in the following scenario:

(1) Physics studies shall start with precision study of "Higgs Boson" and will evolve
into studies on top quark, "dark matter" particles, and Higgs self-couplings, by
upgrading the accelerator. A more specific scenario is as follows:

(A) A Higgs factory with a center-of-mass energy of approximately 250 GeV shall

be constructed as a first phase.

(B) The machine shall be upgraded in stages up to a center-of-mass energy of
~500 GeV, which is the baseline energy of the overall project.

(C) Technical extendability to a 1 TeV region shall be secured.

ILC = Global Project
(2) A guideline for shares of the construction costs is that Japan covers 50% of the
expenses (construction) of the overall project of a 500 GeV machine. The actual statement,
shares, however, should be left to negotiations among the governments. Oct 2012)




Two Candidate Sites in
Japanese mountainous locations

- Japanese Mountainous Sites -

site-A KITAKAMI

‘ -' —F—’

- GDE-CFS group visited two candidates sites,
Oct. 14 and 15, 2011




-,'E TDR 500 GeV Baseline

15.4 km
(site length ~31 km)
e £
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S Main Linac i
2 central region
a <Gcqity> = 31.5 MV/m
G = 22.7 MV/m

(fill fact. =0.72)

Cost: 100%
Pac: 161 MW



"'E 250 GeV staged (scenario 1)
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,"'E 250 GeV staged (scenario 2)

15.4 km
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5km 125 GeV transport line upgrade?

Extended tunnel/CFS already 500 GeV stage

10Hz mode e- linac
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ILC as a Higgs Factory

Summary (N. walker)

« ILC (500 GeV) machine already “contains” a
light Higgs factory
— Luminosity: 7.5x10%3 cm=?st
— (Possible to upgrade by factor 2)
« Standalone machine for LHF
— reduced cost by ~35% (P, ~ 100 MW)

— reduces schedule by 12-18 months
(perhaps a little more)

* Only really makes sense as part of a first-
stage machine
— scope of complete project still ~500 GeV
— TeV upgrade remains optional




,"'E ILC Polarised-Positron Production

Photon
collimator
___________ (pol. upgrade)

Target

| |
I l@"u l Flux conce!
. 150-250 GeV \ —_—
e-linac o hean - E— T

SC helical undulator

Capture
: (125 M

Uses primary electron beam to generate ~30 MeV photons
in a SC helical undulator N e-to IP

Photons converted into e+e- pairs in “thin” titanium target

Positron production yield dependent on e- beam energy

(and therefore E_,)



e Positron Yield
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iln Positron Yield for a LHF
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| 6 . . Ebeam =125 GeV
Recover yield by going to
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@ CLIC Layout at 3 TeV

Goal: Lepton energy frontier Drive Beam
y Generation
819 t
15 M'-.'-.):,S;fzn:ls | | | Complex circumferences
delay loop 73 m
drive beam accelerator CR1293m

CR2439m

- -

819 klystrons
I 15 MW, 142 ps

drive beam accelerator

o

25km

Drive Beam '

BC2

delay loop 4 delay loop
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decelerator, 24 sectors of 878 m

o

6"~/¥ e~ main linac, 12 GHz, 100 MV/m, 21 km

i
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-

48.3 km

CR combiner ring

TA turnaround

DR dampingring

PDR predamping ring

BC bunch compressor
BEDS beam delivery system
IP interaction point

booster linac
2.86t0 9 GeV

Main Beam '

B dump e—injector, et injector,
2.86 GeV 2.86 GeV
Main Beam
Generation
Complex

D. Schulte, CLIC, HF 2012, November 2012
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@ Staging Scenario B @

drive beam ~

™\ ™y ™y
B detector main beam - ;;l_—L_—l —
[ ]

BDS - L=1.87km
mm  accelerator 100MV/m /
- e A A

55 b b b e B e b e sl
L=2.75km

=
w/ L=2.75km

unused arcs

4 sectors equal 500GeV Energy choices made with Physics Group

Need to be reviewed when more

12 sectors equal 1.5TeV :
LHC results become available

24 sectors equal 3TeV
They are only an example

D. Schulte, The CLIC Accelerator Concept, IEEE Special Event, October 2012 29
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@ TBTS: Two Beam Acceleration @
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* produced power

e drive beam current
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D. Schulte, CLIC, HF 2012, November 2012 31



@

Timeline

o

. 2012-16 Development Phase

. Develop a Project Plan for a

. staged implementation in
agreement with LHC findings;
further technical developments
with industry, performance
studies for accelerator parts and
systems, as well as for detectors.

Terd-Reies il GTisd {101

1 e s L e | UL |

2016-17 Decisions

On the basis of LHC data

and Project Plans (for
CLIC and other potential
projects), take decisions
about next project(s) at

i 2017-22 Preparation Phase

: Finalise implementation parameters,
i Drive Beam Facility and other system
: verifications, site authorisation and

i preparation for industrial

i procurement.

Prepare detailed Technical Proposals
for the detector-systems.

i 2023-2030 Construction
i Phase
Stage 1 construction of a

| 500 GeV CLIC, in parallel with
. detector construction.

Preparation for implementation
. of further stages.
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025 Ged | 3 AR
2022-23 Construction Start 2030 Commissioning

Ready for full construction
and main tunnel excavation.

From 2030, becoming ready
for data-taking as the LHC
programme reaches
completion. :

D. Schulte, CLIC, HF 2012, November 2012
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@ Note on Klystron-based First Stage @ @

. 75 MW PPM-Focused
Klystrons-based design have been Klystrons ==
Solid State Induction Modulator

DGVG'Oped in the past: NLC and JLC-X H\—" : (500 kV, 0.5 kA, 1.6 us Pulses)
NLC RF unit

T
Chr. Adolphsen et al.

=

150 MW ——
16us -~ - lc Dual-Moded SLED-II

1

w =S

They aimed at

475 MW J_J
75MW power, 1.6us pulse length 400 ns Utility Tunnel
and 55% efficiency
-> reasonable limit of feasibility

Linac Tunnel

Ho H— He— -

Beam

Eight 0.6 m Accelerator Structures (65 MV/m Unloaded, 52 MV/m Loaded)

Would need about 30,000 klystrons 7 ,
for CLIC at 3TeV 5 g Klystrons ——
: . rive beam e
-> much more expensive than drive — 5|
beam 3 4
But could be interesting at low @,
energies % 3
-> is being explored for first stage S 2 "
1
0

o 05 1 15 2 25 3

E.m [arb.u.]

D. Schulte, CLIC, HF 2012, November 2012 33



Muon Collider Higgs Factory

* Advantages
— High Cross Section
— Small size
— No Synchrotron Radiation or Beamstrahlung
— The future of the energy frontier for leptons

* Disadvantages
— Unproven Technology
— Cooling work needed
— Constant decay of muons
— Costs unknown



Muon Collider as a Higgs Factory

s-channel production of Higgs boson (Han and Liu)

50i i Breit—Wigner

Tha b (7) 20

o (pb)
=

—;I
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o n

my ey (m) — |
125900 125950 126000 126050 126100

Vs (MeV)

* s-channel Higgs production cross section in a muon collider is 40,000 times larger
than in an e*e™ collider

* Muon collider can measure the decay width I" directly without any theoretical
assumption (a unigue advantage) — if the muon beam energy resolution is
sufficiently high

* Butthe required energy resolution is very demanding
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}(’( 126 GV p*—p- @llider

LI

o Parameter Symbol Value
rogras® -
Collision Beam Energy E .E 63GeV
> 8 GeV, 4MW Proton Source Luminos i -
uminosity Lo 10
= 15 Hz, 4 bunches 5x1013/bunch Number of p bunches Ng 1
. . . p*/+/ bunch N, 102
> m-> U collection, bunching, cooling Tramsverse emittance o 0.0004m
> €N =400 m mm-mrad, g” N 21T mm Longitudinal emittance €N 0.002m
® 1012 M/ bunch Energy spread oE 4MeV
CollisionB* B* 0.05m
> Accelerate, Collider ring Beam size at collision oy, 0.02¢m
L OE = 4 MeV, C=300m Beam size (arcs) Oyy 1.0cm
Beamsize IR quad c 5.4cm
= Detector a max
. o ] Storage turns N, 1000
||
monitor polarization precession Proton Beam Power P 4 MW
. for energy measu rement Bunch frequency Fp 60 Hz
® OSE. o 2 0.1 MeV Protons per bunch N, 5x1013
Proton beam energy E, 8 GeV
Proton Driver Front Cooling Acceleration Collider Ring
+ pa—
Ly gi—

. Target
ﬂ m
=
(=N

Decay Channel

8 GeV Linac ?

Accelerator Types:  Linac,

Recirculating Linacs (RLAs),
FFAG

Accumulator
Hg-Jet Target
Capture Solenoid
Phase Rotator
6D Cooling
&0 Cooling
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o PCCefg,.

Ty Upgriade path (E and L) .’t
T FE
pfogra‘“ "

> More cooling g : g g
St,N 0 OOO?, B . 1cm E logg E_ﬁ;fd % E é é E a E { 0%
> Bunch recombination s 4f AR, W 2O p R -
" 60Hz > 152 : TNy *T % J F
= | —10%2 §
> More COOIing 1.0; ;_ Longitudinal space charge bound 2/7/13
= |ow emittance - S —
. 10.0 10° 10° 10
gn— 0.00003, B*—0.3cm Fri trane  (micron)
. L1032 Higgs' |Design|Design|Extrap?
C of m Energy 0126 | 1.5 | 3 6 TeV
> More Protons Luminosity 0.002 | f 4 | 12 |10%cm2sec!
" AMW >8> ? Muons/bunch 2 [ 2] 2| 2 107
= 15Hz Total muon Power 12 | 72 | 115 ] 115 MW
= L1034 Ring circumference 03 | 26 | 45| 6 km
> A | : f*atIP =g, 80 | 10 | 5 | 25 mm
more Acceleration | e momentum spread| 0.004 | 0.1 | 0.1 | 0.1 %
= >4 TeVormore ... |Repetition Rate 30 | 15 | 12| 6 Hz
= L1035 Proton Driver power 4 4 |1 32 | 16 MW
Muon Trans Emittance | 300 | 25 | 25 | 25 um
Muon Long Emittance | 2 72 |72 | 72 mm




vy Collider Higgs Factory

* Advantages
— Lowest energy for Higgs Production, (160 GeV v. 240 GeV)
— Can Provide CP violation information on the Higgs
— Can be added to a normal linear collider
— No Positrons required

* Disadvantages
— Unproven Technology
— Limited Physics reach
— Requires very high power Laser



vy Collider as a Higgs Factory
vy — h cross section

< ~ 250 Eo
st gtaa = 200 M
\ g C s W
. \ A—aeo © 150 ? 15
_ b 0 E I —— — 1 L1 L
' 145 150 155 160 165 170
E.. (GeV)
CLIC-based 7 ,
?L ccj‘Tc:C X=4.8 ‘:
o Laser 7y dete}ctor Lasery : '
main linac "’b\,,—f..pf"“ _ main linac 5
S e —— 4 ]
( - drive beam decelerator™ ) . ]
—— [ e
™ drive beam drive beam 2 1
delay loop 1 1
1 4

| |
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9
Y:W/Ec

-<— combiner rings

. Figure 1.3.1: Speectrum of the Compton scattered photons for different polarisations of the
drlve bearﬂ aCCelerator laser and clectron beams.

Wm — E[. ; €I ==

€ oy iLE[]LLJD T E{]. [:‘.ﬂ{]]
r+1 : '

40



Issues for y vy colliders

* |R related

— Beam crossing angle
— Optics in the IR region
— extraction line(e) and beam dump (y)

e Lasers

(T. Takahashi)



Pulse Stacking Cavity for ILC

total length ~100m
spower enhancement ~100

[ =nA
«dL<< A/enhancement

*mode locked pulsed laser
100MHz 0.1J/pulse

Proposed telescopic, passive, resonant external cavity

detector
~15m#*15m
Z P,
N : Liag (1)
electron ol D - ==m o = N
beam 1 emmreeen =1 T, -
m=sce et RN
Al P )\ o
beam magnification:
v="c_\/3 U =101m
Wy

reduced size of laser-optics
and -beampipe outside the
collimation region

""" input from laser



The entire 1o beamline can be packaged into a box

which is 31 m® while providing 130 kW average power

Amplifier head

Preamplifier
module (PAM)

Pockels cell

Diode arra

Deformable Mirro



modified design approach
Yuhong Zhang

, JLAB
thin laser target

* eliminates most useless and harmful soft y
photons from multiple Compton scattering
* relaxed laser requirements (~factor 10)

high luminosity achieved through an increase of
bunch repetition rate and higher e- beam current
(~factor 10) with multi-pass recirculating linac
and energy recovery



SAPPHIRE: a Small yy Higgs Factory

tune-up dump

10, 30, 50,70 GeV
for e* (8 arcs!)

1.1 km

11-GeV linac

total circumference ~ 9 km

500 MeV e- injector

~0, 20, 40,
60 GeV for
e* (8 arcs!)

final
focus

dump

tune-up dump

11-GeV linac

scale ~ European XFEL,
about 10-20k Higgs per year

SAPPHIRE: Small Accelerator for Photon-Photon Higgs production using Recirculating Electrons



SLC-ILC-Style (SILC) Higgs Factor (T. Raubenheimer)

Some challenges with 2-pass design!

45 GeV, 1.5 km
<€ >

> or 85 GeV, 3 km (

Final focii ~ 300 meters in length
Laser beam from fiber laser or FEL

Upgrade with plasma afterburners (what cms energy is possible?)

Higgs Factory Workshop, 11/14/12 S I__ A C
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Schematic layout of the collider

RF =" ————————————1

- NN N "Mt P Il Final focus T YTl

Positron _ Electron

injector

Source Damping injector
rings

Waveguides

= Accelerator
Klystrons SLED-I| delay lines structures

|
2012/11/15 L Higo, HF2012 47



arc magnets -17 passes!
5.6 GeV

wniit B 0 HERA Tunnel Filler

36.2
46.0 N
55.3 laser or auto-driven FEL

63.8
71.1 , \

71.1
63.8

beam 2 s5.2
46.0
36.2
260 2x8+1 arcs
>6 20-MV
deflecting
cavity (1.3 GHz)
real-estate
i 3.6 GeV
Gradient Linac
~ 10 MV/m (1.3 GHz)
total

SC RF = 2x1.5 GeV
10.2 GV \ linac

F. Zimmermann, R. Assmann, E. Elsen,
DESY Beschleuniger-ldeenmarkt, 18 Sept. 2012

p=564 m for arc dipoles
(probably pessimistic;
value assumed in the
following)

20-MV
deflecting
cavity

0.5 GeV injector



Possible Configurations at FNAL

Edward Nissen

Tunnel Filler Options

Top Energy

80 GeV

80 GeV

Turns

4

5

Avg. Mag. p

661.9m

701.1m

Linacs (2)

10.68GeV

8.64GeV

&p/p

8.84x10*

8.95x10*

€., Growth

2.8um

2.85um

Top Energy

Turns

3

4

Magnet p

644.75 m

706.65 m

Linacs (5)

5.59GeV

4.23GeV

&p/p

6.99x104

7.2x10*4

€., Growth

1.7um

1.8um

Both versions assume an
effective accelerating
gradient of 23.5 MeV/m
Option 1: would require
more civil construction,
but would only require
two sets of spreader
/recombiner magnets,
and only two linacs, for
greater simplicity.
Option 2: would require
10 sets of spreader
/recombiner magnets and
5 linacs but would
achieve better beam
parameters




Summary

Circular Colliders have the least technical risk, but
aside from LEP3 would be very expensive

Linear colliders are furthest along in the design
process, and already have a global support
network

Muon Colliders offer room for growth, but are
not mature enough for a near term facility

vy Colliders offer low cost but are still an
unproven technology that may lack sufficient
physics reach for a dedicated facility.



