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Excited to be here… Because 

• ICAN success in producing  high power lasers will allow 
us to build a new type of high-energy particle collider: 

 

 

 

 

 

 

 
 Photon-Photon colliders (ggC) 

 

30 years old concept 
from Ginsburg et. al.  
So far,  limited  the 
laser requirements: 

- 5 Joules 
- 10 to 102 kHz 
- 0.3 to 1 mm 

e± 

laser 

g 



What is special about ggC ? 

• #1: Higher sensitivity to particle physics beyond 
the standard model due to higher cross sections 
 
 
 
 

 
 
 
and ability to manipulate the  
photon beam polarization to produce 
J of gg system is = 0 or 2 

 

W = invariant mass  
(c.m.s. energy of  
Colliding beams) 

 
M = mass of scalar (S) or 

fermion (F)  



Example of Standard Model Processes 



What is special about ggC ? 

• #2: Unique role in understanding CP structure 
due to the possibility of having linearly polarized 
beams that allow us to have: 
 
 
 
 

• Change polarization of circularly polarized 
photon beams (l = ±)  as needed to measure 
asymmetries for J=0 produced from: 

  
     l1,  l2 =  (+, +)   and   l1 , l2  =  (-, -)   



What is special about ggC ? 

• #2: Unique role in understanding CP structure 
due to the possibility of having linearly polarized 
beams that allow us to have: 
 
 
 
 

• Change polarization of circularly polarized 
photon beams (l = ±)  as needed to measure 
asymmetries for J=0 produced from: 

  
     l1,  l2 =  (+, +)   and   l1 , l2  =  (-, -)   

Still looking for the source of matter anti-matter  
asymmetry observed for visible matter in our 

universe; therefore looking for new sources of CP 



What is special about ggC ? 

• #3: Special role in understanding Higgs 
mechanism due to larger cross sections and 
the fact that Higgs is produced as an 
resonance:    



Combined all of these and  we get 
ggC as Higgs factory… Just in time  

Higgs Discovery in  
July 2012 

 
Higgs relatively light 

MH~125 GeV 

Eee~160 GeV enough to  
produce ggH 



Physics Motivation of ggC Higgs 
factory 

• Important measurements that can only be 
done with high precision at the ggC 

 

– Ggg to 2%  (Model independent) 

• Results in a 13% on GTotal  

• Results in  a Ytt of 4% 

– Measure CP mixing  and violation 

to better than 1% 

– At higher energies Higgs self  

coupling:  lhhh to a few % 

Ggg   
proportional to   
GFermions- GVectors   

- GScalars  

in the loop 



Technical Motivation of ggC Higgs 
factory 

• Development of compact ggC  starting from e-e- : 

– Based on  already existing accelerator technology 

– Polarized and low energy e- beam:  Ee = 80 GeV and 
(le= 80%) 

– Independent of ILC or CLIC 

– “Low” cost 

 

• Required laser technology is becoming available:  

– Fiber based laser (ICAN) and it is affordable 

– A completely new community to collaborate with 



3 New Designs that will Produce     
10K Higgs/year 

• HFiTT:       Higgs Factory in Tevatron Tunnel 
– Fermilab specific 

• SILC:         SLC-ILC-Style gg Higgs Factory 
– SLAC specific 

• SAPPHiRE:   Small Accelerator for Photon-Photon 
Higgs production using  Recirculating Electrons 
– Developed at CERN, but can be built elsewhere 

 

• Detector and beam environment not more difficult 
than what we are experiencing at the LHC 

 

 
 

 

 

 

 3 machines in 1:   e-e- ,   e  g,  g g 



Earlier e-e- based ggC design 

• CLICHÉ :          CLIC Higgs Experiment 

• From SNOWMASS 2001 – hep-ex/0110056 

 

 

 

 

 

 

• Aggressive design with > 20k Higgs / year 

• Design to be revised to take into account latest 
knowledge of the CLIC team 



e- (0.75-8 GeV) 

e- (80 GeV) 

e- (80 GeV) 

Fiber Laser 
(0.351 μm, 5 J, 47.7 kHz) 

RF (1.3 GHz, 8  sets, 5 cryomodules 1.25 GV /set) 

RF 

RF RF 

RF 

RF RF 

RF 

Tunnel Cross Section 
(16 permanent magnet beam lines, 

B = 0.05 – 3.3 kG) 

HFiTT – Latest Design 

2000 m 

2.438 m 
(8 ft) 

gg collision 
(125 GeV) 

E = 80 GeV 
= 800 m 
U = 4.53 GeV/turn 
 
I = 0.15 mA x 2 
P(rf) = 27 MW 

3.048 m (10 ft) 

e- (0.75-8 GeV) 

arXiv:1305.5202  

ASTA =  
Advanced  
Superconducting  
Test  
Accelerator 

http://xxx.lanl.gov/abs/1305.5202


Cost estimate 
 for HFiTT 

< 1Billion  
USD 

 
With Laser 

design by ICAN 
collaborators 
and based on 

Fiber laser 
 



 

2-pass design 

 

 

 

 

1.6 Billion without Laser 

 

1 km radius 

45 GeV, 1.5 km 
 

or 85 GeV, 3 km 
250 m 

SILC – Presented by Tor Raubenheimer  
ICFA Higgs Factory Workshop November 14th, 2012 



Scale ~ European XFEL 
~ 1 Billion 

SAPPHiRE  – Presented in 2012 at European 
Strategy Meeting  arXiv:1208.2827  

Energy lost  3.89 GeV 

Reconfiguring LHeC → SAPPHiRE 

http://arxiv.org/abs/1208.2827


Primary Parameters 

Parameter HFiTT Sapphire SILC CLICHE 

cms e-e- Energy 160 GeV 160 GeV 160 GeV 160 Gev 

Peak gg Energy 126 GeV 128 GeV 130 GeV 128 GeV 

Bunch charge 2e10 1e10 5e10 4e9 

Bunches/train 1 1 1000 1690 

Rep. rate 47.7 kHz 200 kHz 10 Hz 100 Hz 

Power per beam 12.2 MW 25 MW 7 MW 9.6 MW 

L_ee 3.2e34 2e34 1e34 4e34 

L_gg (Egg > 0.6 Ecms) 5e33 3.5e33 2e33 3.5e33 

CP from IP 1.2  mm 1 mm 4 mm 1 mm 

Laser pulse energy 5 J 4 J 1.2 J 2 J 

Total electric power < = 100 MW glaser:    In all designs a laser pulses  
of a several  Joules  with a l~350nm  
(3.53 eV) for Ee- ~ 80 GeV 



These ggC designs need Flat Polarized 
e- bunches with low emittance 

Flat beams 
• Design parameters are within the present state of the art 

(e.g. the LCLS photo-injector routinely achieves 1.2 mm 
emittance at 1 nC charge) 

 
Required R&D for 1nC polarized e- bunches with 1 mm 

emittance already in progress: 
• Low-emittance DC guns @ 

– MIT-Bates, Cornell, SACLA,JAEA,KEK, etc 

• Polarized SRF guns @ 
– FZD, BNL, etc 

 

 For more details see Frank Zimmermann:     
    HF2012 – FNAL (16 Nov 2012) 



Idea of ggC Based on  
Compton Backscattering   

e  glaser → e g 

With circularly polarized glaser  

 (PC= ±1)  & polarized e- (le =   1) ± 

Example:  
Optimized  
as a Higgs 
Factory  

s( gg  H ) >200 fb 



0.8 

For e- energies below 100 GeV  
it is better to use: 

Diffractive limit 

98 GeV && 1mm 

80 GeV && 0.351mm 



ggC a good complement with existing 
and future programs  

• Physics capabilities complementary to LHC  2022 
or future ILC because ggC will provide: 

 

 

 



ggC  Higgs-factory  

* 

* 

** 

* 



Circularly polarized laser 

Linearly  polarized laser 

ggC  Higgs-factory to Study CP 
Violation in Detail  



Only with 
ggC 

== 0  if  CP is conserved 

In s-channel production of Higgs: 

== +1 (-1)  for CP is conserved for 
A CP-Even (CP-Odd) Higgs 

             If A1≠0, A2≠0  and/or  |A3| < 1,  the Higgs  
is a mixture of CP-Even and CP-Odd states 

             Possible to search for CP violation in  
gg H  fermions without having to measure their polarization 

             In  bb, a ≤1% asymmetry can be measure with 100 fb-1 

that is, in 1/2 years  arXiv:0705.1089v2 



Next generation also needs laser… 

• Upgrade: Increase energy of the e- beam from 80 
GeV to 150 GeV plasma afterburners (PWFA)1 to 
measure Higgs self coupling 

 

• The Higgs self couplings measurements one of key 
topics for the future -- ILC (30%) and LHC (20%) 
cannot do the full job: 

    - only way to reconstruct the Higgs potential: 
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FIG. 1: Sample Feynman graphs cont ribut ing to pp → hh + X . Graphs of type (a) yield vanishing cont ribut ions due to color
conservat ion.

cal configurat ion†, which is characterized by a large di-
higgs invariant mass, but with a potent ially smaller Higgs
s-channel suppression than encountered in the back-to-
back configurat ion of gg → hh.

The goal of this paper is to provide a comparat ive
study of the prospects of the measurement of the t rilinear
Higgs coupling applying contemporary simulat ion and
analysis techniques. In the light of recent LHC measure-
ments, we focus our eventual analyses on mh = 125 GeV.
However, we also put this part icular mass into the con-
text of a complete discussion of the sensit ivity towards
the t rilinear Higgs coupling over the ent ire Higgs mass
range mh

<
∼ 1 TeV. As we will see, mh 125 GeV is a

rather special case. Since Higgs self-coupling measure-
ments involve end-of-lifet ime luminosit ies we base our
analyses on a center-of-mass energy of 14 TeV.

We begin with a discussion of some general aspects
of double Higgs product ion, before we review inclusive
searches for mh = 125 GeV in the pp → hh + X channel
in Sec. I I C. Wediscussboosted Higgsfinal states in pp →
hh+ X in Sec. I I D beforewediscusspp → hh+ j + X with
the Higgses recoiling against a hard jet in Sec. I I I . Doing
so we invest igate the potent ial sensit ivity at the parton-
and signal-level to define an analysis st rategy before we
apply it to the fully showered and hadronized final state.
We give our conclusions in Sec. IV.

I I . H I G G S PA I R P ROD U C T I ON AT T H E L H C

A . G ener al R em ar ks

Inclusive Higgs pair product ion has already been stud-
ied in Refs. [14–17] so we limit ourselves to the details
that are relevant for our analysis.

Higgs pairs are produced at hadron colliders such as
the LHC via a range of partonic subprocesses, the most
dominant of which are depicted in Fig. 1. An approxima-
t ion which is often employed in phenomenological studies
is the heavy top quark limit , which gives rise to effect ive

†T he phenomenology of such configurat ions can also be t reated sep-

arately from radiat ive correct ion cont r ibut ions to pp → hh + X .

ggh and gghh interact ions [20]

L eff =
1

4

αs

3π
Ga
µνGa µν log(1 + h/ v) , (2)

which upon expansion leads to

L ⊃ +
1

4

αs

3πv
Ga
µνGa µνh −

1

4

αs

6πv2
Ga
µνGa µνh2 . (3)

Studying these operators in the hh + X final state should
in principle allow the Higgs self-coupling to be con-
st rained via the relat ive contribut ion of t rilinear and
quart ic interact ions to the integrated cross sect ion. Note
that the operators in Eq. (3) have different signs which
indicates important interference between the (nested)
three- and four point cont ribut ions to pp → hh + X al-
ready at the effect ive theory level.

On the other hand, it is known that theeffect ive theory
of Eq. (3) insufficient ly reproduces all kinemat ical prop-
ert ies of the full theory if the interact ions are probed
at momentum transfers Q2 >

∼ m2
t [11] and the massive

quark loops are resolved. Since our analysis part ly re-
lies on boosted final states, we need to take into account
the full one-loop contribut ion to dihiggs product ion to
realist ically model the phenomenology.

B . Par t on-level consider at ions

In order to properly take into account the full dynam-
ics of Higgs pair product ion in the SM we have imple-
mented the matrix element that follows from Fig. 1 in
the V bf nl o framework [21] with the help of the Fey-
nA r t s/ For mCal c/ LoopT ool s packages [22], with
modificat ions such to include a non-SM trilinear Higgs
coupling‡. Our setup allows us to obtain event files ac-
cording to the Les Houches standard [23], which can be
st raight forwardly interfaced to parton showers. Decay
correlat ions are t rivially incorporated due to the spin-0
nature of the SM Higgs boson.

‡T he signal M onte Carlo code underlying this study is planned to

become part of t he next update of V bf nl o and is available upon

request unt il t hen.

lSM =
h

2
m H

1Presented by Tor Raubenheimer ICFA Higgs Factory Workshop November 14th, 2012 



Higgs Self-Coupling 



ggC Summary (I) 

• The Higgs  factory ggC Physics program is  
– Complementary to other programs (LHC & e-e-)  

• Ggg to 2%  (Model independent) 

– Results in a 13% on GTotal  

– Results in  a Ytt of 4% 

– AND nevertheless unique: 
• Precise measurements of CP-admixture < 1% in Higgs  

 

• More physics topics that go well beyond Higgs 
– Other examples:  t factories: including g-2  

• e-e-
e- e- t+ t-,  eg  Wn   t n n,   

gg  t t g  [s(g g  t t g) > 100 pb] 
 



ggC Summary (II) 

• ggC is an interesting option that is starting to look more 
realistic thanks to the ICAN prospects: 
– Laser technology needed to generate g – beam becoming a 

reality:  Single shot with 5J and 47.7kHz  ( No cavity  ) 
Laura Corner talk 
 
 
 

– Various designs available that are: 
• Cost effective  (<1 Billion)  
• Take advantage of exciting technology and infrastructure 

  Therefore, if ICAN succeeds we might be  able to build and operate 
SAPPHIRE and HFiTT like machines in parallel to the more ambitious 
e+e- programs and the LHC. Increasing the possibility of answering 

some our questions within our lifetime  

 YES! 



BACKUP 
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More Primary Parameters 

Parameter HFiTT Sapphire SILC CLICHE 

ex / ey [mm] 10/0.03 5 / 0.5 6 / 5 1.4 / 0.05 

bx / by at IP [mm] 4.5/5.3 5 / 0.1 0.5 / 0.5 2 / 0.02 

sx / sy at IP [nm] 535/32 400 / 18 140 / 125 138 / 2.6 


