
  Gamma Gamma Colliders to study the   Gamma Gamma Colliders to study the 
Higgs,  as part of the R&D program for Higgs,  as part of the R&D program for 

multi-TeV e+e- collidersmulti-TeV e+e- colliders

Prof. Mayda M. VelascoProf. Mayda M. Velasco
Northwestern Univ.

March 1, 2004



Linear CollidersLinear Colliders
Since end of  2001 there seems to be a worldwide consensus

 (ECFA/HEPAP/Snowmass 2001… )

The machine which will complement  and extend the L HC

best , and is closest  to be realized is a  L inear e+e- Collider

with a collision energy of  at  least  500 GEV

                             Ongoing projects:
NL C (U S)                         Warm technology (X band)

GLC (Japan)                     Warm technology (X and C band)

TESL A (DESY/Europe)   Superconduct ing technology

CL I C (CERN/Europe)       Two beam accelerat ion 
                                        (st ill R& D t i ll at  least  2006)



A photon collider (& e-e-) are A photon collider (& e-e-) are 
recognized options at a future LCrecognized options at a future LC

Act ive R& D ongoing in Europe and U S

I nterest ing physics program with some special items

Especially to study  gg®  Higgs   (precision 1-2%)































MotivationMotivation

� MSSM: CP violation in Higgs gives possible MSSM: CP violation in Higgs gives possible 
source of Cosmological Baryogenesissource of Cosmological Baryogenesis

� MSSM:  In addition to phases in the CKM, has MSSM:  In addition to phases in the CKM, has 
2 extra phases in the gaugino mass  and 2 extra phases in the gaugino mass  and 
trilinear coupling trilinear coupling 

� Now we have MASS and CP  Eigenstates:Now we have MASS and CP  Eigenstates:



Today… Only focus on hToday… Only focus on h1  1  

(mass < 135 GeV)(mass < 135 GeV)

� Masses and decay width for hMasses and decay width for h11, h, h22 & h & h33  obtained from:  obtained from:

� CPSuperH (CPsH)CPSuperH (CPsH)

� hep-ph/0307377hep-ph/0307377

� FeynHiggFeynHigg

1.1. hep-ph/0212037   hep-ph/0212037  

� Work expanded by Sven HeinemeyerWork expanded by Sven Heinemeyer

� Note: For some parametersNote: For some parameters

� hh
2,32,3

  to  to
    hh1  1  hh11 and (m and (mh1 h1 < 100 GeV)< 100 GeV)

� Good discovery potential at Good discovery potential at gggg  already discussed by our   already discussed by our 
group in the context of the NMSSM… I will not discuss group in the context of the NMSSM… I will not discuss 
it.  it.  



Just as an example...Just as an example...
hh

22
 to h to h

11
 h h

11
 to bbbb (h to bbbb (h

11
=41 GeV)=41 GeV)



Comparison of CPsH & FeynHiggs Comparison of CPsH & FeynHiggs 

� CpsH:CpsH:

�  Leading order  QCD  Leading order  QCD 
correction (causes correction (causes  h to  h to gggg to  to 
be reduced by about 5%)be reduced by about 5%)

� Special attention on the Special attention on the 
treatment of quark massestreatment of quark masses

� FeynHiggs:FeynHiggs:

�  Focus on mass evaluation and  Focus on mass evaluation and 
effective mixing angleeffective mixing angle

� All one loop calculations All one loop calculations 
included in phases (causes included in phases (causes 
higher  mass)higher  mass)

� HDECAYHDECAY

� Biggest effor t for  Biggest effor t for  h toh to cc,bbcc,bb  
(could affect large (could affect large mm and tan and tanbb))



Comparison of SPS1aComparison of SPS1a



Changes in rate in the CPX-ScenarioChanges in rate in the CPX-Scenario

Tan b = 5



Tan b = 10 Tan b = 20

gg gg
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All these calculation have theoretical All these calculation have theoretical 
uncertainties!uncertainties!

� Independently of the theory… we could isolate Independently of the theory… we could isolate 
thethe CP-EVEN andand CP-ODD by using linear ly by using linear ly 
polar ized polar ized gggg-colliders:-colliders:

� Expected asymmetr ies  in the MSSM are now being Expected asymmetr ies  in the MSSM are now being 
calculated by S. Heinemeyer  using FeynHiggs.   That calculated by S. Heinemeyer  using FeynHiggs.   That 
is, he is calculating Ais, he is calculating A33



Recall from Jack Gunion’s paper:Recall from Jack Gunion’s paper:



All asymmetries isolated by manipulation All asymmetries isolated by manipulation 
of polarizationof polarization



CP Violation of light  Higgs...CP Violation of light  Higgs...

	 Due to the significant changes in some of the couplings, like Due to the significant changes in some of the couplings, like 
h to h to WWWW, in the presence of explicit CP violation:, in the presence of explicit CP violation:


      gg   gg to h to bb to h to bb will really complement will really complement gg to h to   gg to h to   gggg
  

� CP violation in Higgs very importantCP violation in Higgs very important… … Additional effor t is on Additional effor t is on 
going to get a prediction for  the expected going to get a prediction for  the expected AA1,2,31,2,3 asymmetr ies asymmetr ies::

� An asymmetry between linear ly polar ized An asymmetry between linear ly polar ized gg gg  collisions  collisions 
between the case where the polar izations are parallel vs between the case where the polar izations are parallel vs 
perpendicular  to each other is a clear  indication of a CP perpendicular  to each other is a clear  indication of a CP 
admixture.admixture.


 Theoretically, these asymmetr ies are  expected to be much Theoretically, these asymmetr ies are  expected to be much 
less uncertain… compar ison between the CPsH and less uncertain… compar ison between the CPsH and 
FeynHiggs  predictions will be made.FeynHiggs  predictions will be made.



Summary #1: gg Colliders & HiggsSummary #1: gg Colliders & Higgs



Now...Why CLIC is so relevant for Now...Why CLIC is so relevant for 
gggg colliders? colliders?

� All  physics studies indicate that a M ult i- TeV L inear  e+e- 

collider will be required to dist inguish between models...

               SU SY, Extra D imensions, Etc.

�

I n the presence on L HC and  an L C (<1TeV) , gggg  Higgs 

Factory provides important and unique informat ion. 

�Want  to stage a big project  like CL I C, into several energy

stages , 90GeV, 150 GeV and/or  300 GeV, etc...

                               CL I CHé  
I s a good choice (2 CL I C1 modules + 0.33 mm L aser system)
                                        



Higgs Factory possible (20K H/year)  Higgs Factory possible (20K H/year)  
with less than 2 kmwith less than 2 km  

�CLIC1=70 GeV linacCLIC1=70 GeV linac
with a length < 600 mwith a length < 600 m

�CLICHÉ considered one CLICHÉ considered one 
of the options as the of the options as the 
initial steps towards ainitial steps towards a
Multi-TeV machineMulti-TeV machine

�CLICHÉ = 2 CLIC1CLICHÉ = 2 CLIC1
with laser system to makewith laser system to make
photon beamphoton beam



CLIC LayoutCLIC Layout



C L  I  C   R F  P O W E R   S O U  R C E   L  A Y O U  T

D e l a y  Lo o p  ´  2

gap creation, pulse 

compression &  f requency 

mult iplicat ion

Power Extract ion

D r i v e   B e a m   D e c e l e r a t  o r   S e c t  i o n  ( 22  in   t  o t a l )

R e t u r n    A r c

Bunch Compression

Dr i v e    B e a m   A c c e l e r a t  o r

eff icient  accelerat ion in fully loaded linac 

C o m b i n e r    R i n g  ´  4

C o m b i n e r    R i n g   ́  4
pulse compression &  

f requency mult iplicat ion
pulse compression &  

f requency mult iplicat ion

100 ms t rain length - 32 ´  22 sub-pulses 

- 7.5 A  1.2 GeV - 64 cm between 

bunches

130 ns

22 pulses - 240 A - 2 cm between 

bunches

130 ns 4.2 ms

Drive beam t ime structure - init ial Drive beam t ime structure - f inal

RF T r a n s v e r s e  D e f l e c t 

o r s 

D rive beam generat ion



What could we expect from CLIC?What could we expect from CLIC?



NWU-ICAR: We are active members 
for CTF3 

Some of NWU task:
•Beam dynamics

�Simulation

�Halo prediction
•Beam loss monitors 

�Safety

�Halo studies

�Feedback

Demonstration of the dr ive 
beam:

�  proper  time structure

�Extraction of 30 GHz power

�Acceleration of probe with 30 
GHz RF cavities



We are working with CLIC & CTF3 We are working with CLIC & CTF3 
people on projects that are easy to convert people on projects that are easy to convert 
to other types of  LC & that overlap with to other types of  LC & that overlap with 

expertice of the groupexpertice of the group

� Beam loss monitors (Design developed by us, 2000)Beam loss monitors (Design developed by us, 2000)

� Beam DynamicsBeam Dynamics

� Positron Polar ization Production (Using Positron Polar ization Production (Using 
channeling in aligned crystals.... therefore based channeling in aligned crystals.... therefore based 
on knowledge from our  studies at NA59)on knowledge from our  studies at NA59)

� Ground Motion studies for  CLIC type machines at Ground Motion studies for  CLIC type machines at 
FermilabFermilab



NWU  in charge of  Beam loss for CTF3 NWU  in charge of  Beam loss for CTF3 
• Our f irst  test  on beam loss monitoring has been performed on CTF3 in 

November 2003. The aim was check the SEM -type technology and to 

benchmark the measurements with beam loss simulat ions done with Geant3.

•The f irst  part  was dedicated to test  the detector technology. During this 

period we played with the beam condit ions to show how important  is the 

required nanosecond t ime resolut ion of  the detectors. 

•The second part  was dedicated to the simulat ions benchmarking test .  

Here the beam-line was prepared to provide a clean beam with a low 

current. And playing with some dipoles the beam was displaced and 

intent ionally lost  in a well def ined locat ion where the detectors were 

installed. We are then in a good situat ion to measure well def ined beam 

losses and to compare them to what  we expect  f rom simulat ions.



•Develop detectors with IndustryDevelop detectors with Industry

•Now to be used for  medical purposesNow to be used for  medical purposes

ICAR :Radiation Hard Ionization Chambers / ICAR :Radiation Hard Ionization Chambers / 
Secondary Emission monitorsSecondary Emission monitors



Booster (FNAL) – Intensity ScanBooster (FNAL) – Intensity Scan

SEM-like SIC-like

No saturation even 
At 10^12 ppp
(10^-5 torr)

Clear …
Saturation





Test  of  the two dif ferent detectors :V scanTest  of  the two dif ferent detectors :V scan
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PThe SEM -like detector follows the behavior of  the beam 
and gives useful informat ion.



Observat ion of  the beam transient loss Observat ion of  the beam transient loss 
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Slit  scan : BLM  /  Dcurrent loss in this slit

When you close the slit , you lose in the slit  the 

f irst  part  of  the beam corresponding to the 

beam t ransient  which has a higher beam 

energy.

QWhen you lose the beam transient  in 

the collimator, you don’t  measure any 

beam loss on the detector. 

ROn the other hand when the slit  is 

fully open, the beam transient which is 

not  stopped anymore in the collimator-

slit  is then lost  in the detector area  

(quadrupoles)

Slit  aperture scanSlit  aperture scan



Second part  on the 10Second part  on the 10    thth of  November 2003 of  November 2003

BPM BPM

Quadrupoles

Steerer

Beam loss detectors

 electrons beam To be compared
With MC 
simulation



24 MeV 150 MeV

On going simulation...Can we tell where the On going simulation...Can we tell where the 
interaction occurs?interaction occurs?



M . Tigner/L P03



Broadband Three-component 
Seismometers KS-2000

Por table Data Recorder  DL-24

• Next  gener at i on  of   Next  gener at i on  of  

mach i nes w i l l  be mach i nes w i l l  be 

sensi t i ve t o Gr ound sensi t i ve t o Gr ound 

M ot i on… beam 10X M ot i on… beam 10X 

sm al l er  t han  a human sm al l er  t han  a human 

hai r . hai r . 

• Szleper  at  NUM I Szleper  at  NUM I

Ground Motion vs depth (In I llinois) crucialGround Motion vs depth (In I llinois) crucial
for LC with small beam spots...for LC with small beam spots...



Ground motion at diff. Sites…crucial Ground motion at diff. Sites…crucial 
for the nanometer size LC designs like for the nanometer size LC designs like 

NLC and CLIC (Hamburg not suitable)NLC and CLIC (Hamburg not suitable)



SummarySummary


