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PLC - where we are ?

7
A

Physics Collider

Question - at ILC, CLIC or simply low energy plc or?
In ILC DCR - physics included, PLC as an option



Backward Compton Scattering-
basic idea of the photon collider
Ginzburg, Telnov ’85

electron
bunch

m PLC -yvyand ey options



The Photon Collider — main characteristics

m Variable energy and degree of polarization of the photon beams
— both circular and linear

m (Almost) monochromatic spectrum possible (a high energy
peak)
m Clean or dirty collider? Hadronic interaction of photon ......

PLC at ILC
m For ILC with energy 500-1000 GeV:
m Energy E, upto0.8 E, (0.9 for ey option) [N
m Luminosity ~0.2 L,
Annual luminosity 100 fb-1 (30 fb-1 in the peak)
m Mean energy spread in a peak: ~0.05-0.07
m Mean helicity at the peak: 0.9-0.95

m Important parameter x: ¥ga¥el i $_|_1E0 E, energy of e

x=4.5 to avoid e+e- pair production




Realistic y y spectra (Telnov)

CompAZ Compton, x=4.8 —
Vs, =210 GeV Vs, =152 GeV For J = O, 2

I |[J,|=0,2 —_— |J|=0,2
J=0 - = J=0

Here J,=0
peak for
M=120 GeV
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PLC: Photon Linear Collider

yyand ey

m Resonance production of C=+ states (eg. Higgs) Ginzburg et al
m Higher mass reach than at e*e- (Higgs, SUSY) Spira, Zerwas,Abdel

m Polarised beams — CP filter Gunion, Grzadkowski,Hagiwara, Godbole,
Zarnecki

m H vy coupling — sensitivity to charged particles in theory

(nondecoupling) Ginzburg et al.., Gunion..
m Direct production of charged scalars, fermions and vectors —
higher cross section Kanemura, Moenig, Belanger

m Pair production of neutral particles (eg. light-on-light) via loops
Jikia, Gounaris, Velasco

m Study of hadronic interaction of the photon Godbole,Pancheri; MK
Brodsky, deRoeck,Zerwas



Hadronic cross section
Godbole, Pancheri, deRoeck

sLarge y y — hadrons cross
section

Various study of QCD
possible

*Measurements of the
hadronic (partonic) structure
of the photon

*In e y option DIS on a real
photon for the first time
possible

*The structure of polarized
photon

New results at ecfa2008 by Pancheri

GRS p,,;,=1.2,1.3,1.4,1.5 GeV BN
soft from BN in p/pbar and P, _.=1/240

(o™ from BN)x(1/330) 2

m |EP2-L3 189 GeV and 192-202 GeV
® | EP2-0OPAL 189 GeV

TPC
Desy 1984
Desy 1986
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Precise Higgs Physics at ILC/PLC

m Precise measurements of the SM Higgs production
cross section and branching ratios — especially Fy

Ohgaki, Takahashi, Watanabe 1997

Jikia, Soldner-Rembold 1999
Asner, Gronberg, Gunion 2001
Niezurawski, Zarnecki, MK 2002
Moenig, Rosca 2003

m Higgs self-coupling measurements -
m Heavy MSSM Higgs searches

m CP property of the Higgs boson
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A. Rosca, K. Moening: hep-ph/0705.1259
SM Higgs 120 GeV at PLC

ATTH— w) « BRIH—bb)) =

s Without and with [EIE Ry
overlying events

Knowing it and using Br

from efe- ->




MSSM Higgs searches/overall discovery
potential (300 fb-') at LHC

—

at least 1 Higgs boson is

300 Fb'l MHMAX scenario

observable
ATLAS (prel.) * in some parts >1 Higgs bosons
only h observable
[ Hand/or A
(3 v e but large area in which only
_ 1_ - one Higgs boson h (SM-like)
excluded by ObServab|e

LLEP (prel.)

L] U} L LN S *

(L] Tl L L [T 1A 11 L PLLEEE
YBF channels, H/A—=tT only 30fb M, (GeV) @

Result assuming no H>SUSY

Basic question: Could we distinguish

SM and MSSM Higgs sector
- e.g via rate measurements?




Number of evenls per 5 GeY hin

Spira et al

Niezurawski et

Covering the LHC wedge at PLC al.,- simulation

Precision of a(yy — A, H — bb) mesurement

Resulis for M4 = 300 GeV
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CP-even, CP-odd states
INyy — tt Asakawa, Hagiwara.. 2000-

Scalar (dashed)
Pseudoscalar (thick)
Mass — 400 GeV

1
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2HDM (II) with CP violation

Mass eigenstates of the neutral Higgs-bosons hy, ko and g
do not need to match CP eigenstates i, H ana A.

1 d Lo

We consider weak CP viclation through a small mixing between H and A states:
XX
H - A oo
Hl.lﬂ.IL -CC::'T'I.-I.-_I ‘|‘ ""."l,_ D '|"I.'I.'_'l

A - H -~
Xy ":'::3'r'."."_1 Xy - sl -r-,.-,.-_l

- additional model parameter:  CP-violating mixing phase &g 4

- see our paper JHEP 0502:041,2005 [hep-ph/04031 38]

[

In general case
combinea analysis of LHC, Linear Collider and Photon Cellider data is needed

We consider fiz production and decays, for | @ 4 1 (weak CP viclaion)

Zarnecki, Niezurawski, MK




LHC & ILC ¢ PG

Sensitivity of LHC, ILC and Photon Cellider measurements
o CP-violating mixing phase © g 4

Cross sections = BR relative to SM

ILC

i




CPX scenario (max CP violation in CMSSM)
studied for LHC, ILC, PLC (CLIC ?)
by Heinemeyer, Velasco 2004

+ CPXT,BR(h - bb) FeynHiggs
. 9
T 18

©
—

M, = 125 GeV

M, =110 GeV M, =115 GeV
100 150

=P
At,b,T [o]

CP-violating Higgs mixing arising via radiative corrections with
effect of complex Higgs masses Choi at al., J.S.Lee,



Probing the CP-violating Higgs contribution
in yy — ff; Godbole, Kraml, Rindani, Singh —
Phys. Rev. D (2006)

m Forf=top, tau
m Using fermion polarization
to construct various asymmetries

m Both for CP conserving and CP violating case
m Model independent analysis and in addition
CPX scenario (MSSM) - for light Higgs numerical analysis

ff democratic CP-even
and CP-odd coupling

In contrast to VV case —
typically A,,dominates




NEW RESULTS 2007-8
+

m Self-coupling
m New physicsinyy =2y y
m Dark matter candidate



Measurement of
Higgs self-coupling Eri Asakawa(Meiji Gakuin Univ., KEK) D. Harada

(Sokendai),S. Kanemura (U. of Toyama),Y. Okada (Sokendai, KEK), K.

Tsumura (ICTP) LEI 2007 Dec2007,Hiroshima
‘ v v —HH at PLC. p
Ve
And we try to answer a question: Vo

Compayi
VA

seem-to-be advantage seem-to-be disadvantage

®2 body final state ®Large contribution from the box diagrams
®Polarization (J,=0) ®Luminosity
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Measurement at ILC
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I T [ ] E I I E

H olete” — HX) [fb] : o(ete — HX) [fb] ]

------- o V5 =500 GeV 3 . Huw Vs=1TeV

f 1 100g E

| | F Hete™ i

10 |- - i ]

: T 3

i 1 - Htt ]

1] = e,

Eo E 1 3 E

Coo ] FHHv 7 ]

HHZ. : i ]

0.1 N | | : ‘ 1 |r HHZ L= |
100 130 160 200 300 500 100 150 200 300 500 700
My [GeV] My [GeV]

60 . . ; . |
Int(L)=1ab”’
» 100% efficiency |
PP & VY J—
40 e e ——>Zhh |

combined
1TeV

/

1.5TeV

20

500GeV |

1.5 TeV

100 150

Higgs mass [GeV]

1000

60

50

Higgs self-coupling sensitivity

Int(L,)=1/3 ab™' 100% Efficiency

v LI T
(I r o\

40 + . ! ]
‘I"""..‘" p !
—_— 2! ) N )
£ P A 1\ ) || . ™y
=307 N N AL ]
g / \ ."I‘ \\\ / R ~ -~ ’ ."‘: P
=~ ¢ / .\\ .": ‘\‘\ ~ “ .‘"I !
s0Gev %
20 t N~ N T ~600GeV i
Root(s)=400GeV 500GeV
ol oK >0 |
W— QA= dx <0
0 : .
100 150 200
mH (GeV)

250



measure the A,y via yy—=HH at PLC

‘ v'Numerical results: consistent with previous works of Belusevic-Jikia(04)
v'Sensitivity study: preliminary

Sensitivity to 0 « becomes well around
NS e ®3my,
Higgs Self-Coupling Sensitivity

Int(L,)=1/3 ab”' Efficiency=100%

120GeV ""‘. 1

mH=160GeV

500 600
Root(s) (GeV)




Unparticle physics at the photon collider
Phys.Rev.D77:094012,2008  0801.0018 [hep-ph]

Tatsuru Kikuchi (KEK, Tsukuba) , Nobuchika Okada (KEK, Tsukuba &

Tsukuba, Graduate U. Adv. Studies) , Michihisa Takeuchi (KEK, Tsukuba &
Tsukuba, Graduate U. Adv. Studies & Kyoto U., Yukawa Inst., Kyoto)

A certain class of new physics models includes a scalar

field which is singlet under the SM gauge group.
—>3Such a new particle can have a with

photons suppressed by a new physics scale in low
energy effective theory.

Similar results Chun-Fu Chang (Taiwan, Natl. Tsing Hua U.) , Kingman

Cheung (Taiwan, Natl. Tsing Hua U. & NCTS, Hsinchu) , Tzu-Chiang Yuan
(NCTS, Hsinchu) . e-Print: arXiv:0801.2843




YY 2V Y

Since this process occurs at loop level in the
SM, nparticle effects can be significant
even if the cutoff scale is very high.

Background small -

Results: even for scale = 5 TeV, the unparticle
effect = sizable deviations from the SM

results with the incident e+e— collider energy
at Vs = 500 GeV.

The signal over background ratio can be
enhanced by choosing the initial beam
polarization
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At LHC effects in gg—=2vy

Here at ecfa2008 discussed by Ginzburg

(also other new physics models) Ho A1 i,ymvarliz%t malsis(c;evlf

SM, Velasco ... 2002




SM vs Unparticleinyy 2 vy
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Inert Doublet Model

Adding another scalar doublet

with no direct Coup]ing to Ma’78, Barbieri..’05, Honorez..’07,..
fermions Significant Gamma Lines from

The unbroken discrete Z, Inert Higgs Dark Matter -
symmetry makes the new Gustafsson astro-ph/0703512
scalars — the lightest one

H is a candidate for

. For a H mass between
40 and 80 GeV -> the correct
cosmic abundance(WMAP).

The loop-induced mono-
chromatic yy and the Zy

final states (from HH -> yy and
the Zy) would be exceptionally
strong

Ideal to search for in the
upcoming GLAST exp.




For mass of H =50 and 70 GeV
I;IIL-I - vy at GLAST
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vy > HH at PLC, PLC = GLAST-' ?



June 11, 2008 -
NASA's GLAST Launch o *
| Successful e

m | NASA's Gamma-ray Large Area Space Telescope, or V =
successfully launched aboard a Delta Il rocket from Cape
Canaveral Air Force Station in Florida at 12:05 p.m. EDT today.

m After a 75-minute flight, the GLAST spacecraft was deployed into
low Earth orbit. It will begin to transmit initial instrument data after
about three weeks. The telescope will explore the most extreme
environments in the universe, searching for signs of new laws of
physics and investigating what composes mysterious dark matter.

"After a 60-day checkout and initial calibration period, we'll begin
science operations," said Steve Ritz, GLAST project scientist at
Goddard. "GLAST soon will be telling scientists about many new
objects to study, and this information will be available on the
internet for the world to see.”



A need for PLC?

J#jggs physics at PLC

m Precision measurements of the light Higgs boson production
(->bb) and distinguishing SM-like scenarios

m Establishing CP property of Higgs bosons
m Higher mass reach and covering LHC wedge

m Testing Higgs selfinteraction

Search for SUSY particles
New physicsinyy =2 vy



Conference on photon linear colliders
and ph_yfsiq\ls of photon-photon collisions

X L7 s | PHOTON2009
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PLC as an added value..



sM/MSSM Higas, My, < 160
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large cross sections
measurable cross sections
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Mz < 0.9 x 2E; — Mn
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- Radions
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- W anom. W inter., extra dimensions
W, anom.W couplings
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ST anomalous top quark Interactions
- Th, anomalous Wb coupling
- hadrons total v+ Ccross section
NC and CC :-tr'LILtLIr'E functions
gluon in the photon
CD Pomeron
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Better at PLC ....



SUSY particle production
- |n e h|her mass reach

Datta, Djouadi,
Muhlleitner 2002
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