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

electron
bunch

m PLC - yyand e y options



The Photon Collider — main characteristics

m Variable energy and degree of polarization of the photon beams —
‘ both circular and linear — however (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:
» Characteristic energy up to 0.8 E_ee (0.9 for
m Luminosity 0.2 L_ee
Annual luminosity 100 fb_1 (30 fb- 1 in the peak)
m Mean energy spread in a peak: 0 07
m Mean helicity at the peak: 0.9-0. 95

m Important parameter x: — energy of e
Wmax — 7, _|_ 140, &0

x=4.5 to avoid pair production



Spectra — dependence on
polarization of e P, and laser P,

——  P,=0.85 P =-1.0

- P,=085 P, =0

- P,=0.85 P =10

Ideal spectrum = the lowest order QED
Non-linear QED processes -> realistic spectrum for a
single photon beam and for a y y or e y system
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Realistic y y spectra -

CompAZ
VS=210 GeV
[J=0,2
J=0

120

Compton, x=4.8
V5,.=152 GeV
— |J=0,2
[ JI= []

40 160
W, (GeV)

For J,=0, 2

Here peak for
M=120 GeV

CompAZ
parametrizaton

(A.F.Zarnecki)



Circular and linear photon polarization at PLC
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Higgs production
o(yy->h) ~ 1+, A, J,

Higgs production
0

Main background olyy->h)~1+l1;

olyy->bb)~1-A; A, J,=2 CP even and CP odd



PLC: Photon Linear Collider

vyand ey

Resonance production of C=+ states (eg. Higgs) Ginzburg et al
Higher mass reach Spira, Zerwas
Polarised beams — CP filter Gunion, Grzadkowski, Godbole, Zarnecki
H v v coupling — sensitive to charged particles in theory

(nondecoupling) Ginzburg et al.., Gunion..
Direct production of charged scalars, fermions and vectors —
higher cross section Monig, Belangel

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

Study of hadronic interaction of the photon Godbole,Pancheri; MK
Brodsky, deRoeck,Zerws
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SUSY particle production
- In e y higher mass reach
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Hadronic cross section
Godbole,Pancheri,deRoeck

+

eLarge y y — hadrons
Cross section

eVarious study of QCD
possible

eMeasurements of the
hadronic (partonic)
structure of the photon

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

eThe structure of
polarized photon

- Aspen

EMM P, _=1/240

had

. GRSEMM p, =15 GeV k,=0.4 A=0

GRS p,;,=1.32 GeV BN, soft from 1/2(p+ppbar)

CJKL pyi,=1-6,1.8,2 GeV BN,
soft from 1/2(pp+ppbar)

LEP2-L3 189 GeV and 192-202 GeV
LEP2-OPAL 189 GeV

Desy 1984
Desy 1986




Precise Higgs Physics at
Ihc /PLC

m Precise measurements of Higgs
production cross section and branching
fractions.

m Higgs self coupling measurements
m Heavy Higgs searches in MSSM.

m CP of the Higgs boson.



Br and relative precision at ILC
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Proof of the mass generation mechanism of elementary particles

Coupling constant to Higgs boson (k)
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Self couplings in yy — hh

Belusevic, Jikia ‘2004
box, triangle with W,top and h*->hh
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Cross section for mass 115-150 GeV for J,=0, 2

For mass = 120 GeV, anomalous contr. |5|=0,1,0.3



o for hhh coupling vs SM
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SM Higgs decayinginb b

™=

Study of vy — higgs — bb
in SM & MSSM et the Pheten Collider

presented by J Elberewele

Loop coupling hyy:
Higgs-bosons can be produced as s-channel resonances
Non-decoupling =- tests of models

The best machine for this measurement: Photon Collider

hep-ph/0208234, hep-ph/0307 180, hep-ph/0307183, hep-ph/0503295
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Higgs coupling to

[ Hipgs signal
Al = DX Ge'V
Hackground:
LLillllll'l-!;:.l
eyl
i ald ==
TT

resalved

Comected invariant mass distnbutions
for signal and backaround events

vy — h — bb

iezurawski et al.,

Monig, Rosca

Results for M, = 120-160 GeV
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For Af, = 150, 160 GeV additional cuts to
raduca ~~v — W —



A. Rosca, K. Moening: hep-ph/0705.1259
SM Higgs 120 GeV at PLC

m Without and with Yy ERe: i) R By
overlying events W ¥ Vet [Nty — Mg = 113,

Knowing it and using Br

from ete-

I'(h->yvy) ~ 3 %



SM-like h (or H) in 2HDM
all couplings to fermions and
gauge bososns as in SM

0.8
120 140 160 180 200 220 240
My [GeV]

Effect due to H* contributions (600-800 GeV)
Ginzburg, Osland, MK - 2001



Littlest Higgs model

Accessible

1000 1500 2000 2500 3000 3500 4000
f(GeV)

f — scale of new heavy particle;
Han,Logan,McElrath,Wang 2003



Events/10 GeV

A—TT
=1

jet fake

Myjs (GeV)
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Data mass distribution
agrees with SM
expectation mostly:

— CDF: Slight excess
has a significance of
DO Profiikitey, 1087 2.10 (cross section
D v o ecnd about 2 pb)

— ooy e — D@: slight deficit in
N that region
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MSSM Higgs searches/overall discovery
potential (300 fb1) at LHC

—

at least 1 Higgs boson is

MHMAX scenario

observable
ATLAS (prel.) ¢ in some parts >1 Higgs bosons
only h observable in the whole

] Hand/or A
] H”

_ 1_ - e but large area in which only
excluded by one Higgs boson h (SM-like)
LEP (prel.) observable

parameter space

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?




j  cmgoom’ | We consider four MSSM parameter sets:
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From: CMS NOTE 2003/033
(the same results as in newer CMS CR 2004/058)

with higher A 70 have M, above 114 GeV
— an intermediate scenario




Number of evenls per 5 GeY hin

Spira et al

Niezurawski et

Covering the LHC wedge al.,- simulation

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

Resulis for M4 = 300 GeV
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Corrected invariant mass distributions

Results for M4 = 200-360 GeV
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Ao{yy — A, H — bb)/a(yy — A, H — bb) Significance for vy — A, H — bb
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S.Y.Choi,J.Kalinowski,].S.Lee, M.M. Muhlleitner,
M.Spira,P.M.Zerwas-0404119

Determining tan B in t-t fusion to Susy Higgs
Bo§|ons at the PLC

Methods to determine tan  for large values beyond tan 3 = 10

Zerwas et al

(a) charginos / neutralinos = cos23 slope ~ 1/tan?®j3 Choi et :

msensitive

{h} T l){_}l:l.L‘iz:l.t-i{_yll etc —  ~ 10% Boos et :

(c) bbH /A, H/A widths etc -, LHC‘-l_,.-"":ﬂ[]U‘J?"?;_l + 12 to 4% Gunion et :

LC/2,000fb~ " : 5 to 3% at My = 200GeV

(d) LHC sim H/A — 77 = 30fb~! ~ 20% Kinnunen et :

(e) vv— H/A — bb > ~ 4 to 10% [estimate] see: Niezurawski et :

and _\':-t‘liiht_'t} et @

Additional methods strongly required for precision analysis of tan 3




Tau fusion -> tan beta

couplings: for large tan 3

Arr=tand, Hr7 ~tand for 4, H heavv

hrT =~ tan 3 A light

Higo= decayvs: i /H /A — bb at 90% leve =PS1b

m Background included



HESULTS: Eo-.- = &00/500 GeV = E.. = 600/400 GeV

'n) Cross sections i/ H (A: for tan @ = 10 to 50

a(H/A) =3 to 1 fb for M 4,5 = 100 to 500 GeV at tan 3

aih) =5 fh for My = 110 GeV at tan 7 = 30

200 fh-1

to 1.5 uniform in tan &

for all My up to kin, limit




Coupling of Gauge Bosons

*Fermion pair production at 500 GeV and the Z pole (GigaZ)
*Coupling among gauge bosons

anomalous couplings T L I Toump——
(V_m?’nTJ and dual) iRy W WV, +i—5- W, WV
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A. Manteuffel
Anomalous Couplings in yv—WW

GGauge and gauge-Higgs anomalous couplings
ge 1‘1_, {;."JH,CJH, + By Op + Pow Oow + huw Ou + Pos00s + P20,
+ PuweOws + Mg Opg + H7OL + hi U:' ’
— e W W w
W e

]

"?)
To) B

Comparison of Sensitivities

| | LEP&SLD () | e — WW (") | 77— WW | 77 — WW
:- J'r ; unpolarised =10

1079 d 1077 | am[107% | dm 1079

—63+34 0.3 0.6 0.3
—0.08 +£0.79 0.3 1.6 0.7
' 2.2 0.9

-115+239 364

68+ 81 0.3 0.3
B 2.2 : 0.9
. 0.6
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Neutral Higgs bosons decaying into
WW/ZZ pairs with mass above 200 GeV

Simulation of the Higgs boson production
at LHC, ILC and PLC

e
Higgs couplings in 2HDM (1)
Production of H at LHC, ILC, and PLC

Combined fit of H couplings

Coupling constraints from h

production measurements




=1 the considerea mass range

iggs boson production at LHG

s dominated by the gluon fusion
DrOCess.

s dominated by the top

oop contribution

7(gg

L .

0aq, qg — HE'EF“H:_q

T TTIm]
r
o

. . ]
fusion Process contributes 1‘}113} {150 200 250 0 350 400 450 E,m
o about 15% of cross section my, (GeVie’)
SM Higgs boson production at LHC

'T:-\. I'Il'l'll' . I'||'|'||'|II|' :I




Jeasurement of the production cross
ection times branching ratio

o(pp — hX) - BR(h — ZZ — 4l)

‘nolden channel
will constrain mainly the o value, pro-
vided vy is not too small.

recision ~ 20% expected

Cross section relative to SM
(PPN BRI N—-ZZ4l) o, "BR_,




iggs boseon production at TESLA
/5 = 500 GeV, 500 fb~1)
WO processes are considered

Y/
-

'E'+

Production is sensitive only to vy

Expected mass

distribution (SM}

~+ Simulabed dala
O Signal

O Combinatoric
B Background

160 180

TESLA 500 GeV
IL=500m"
my; = 2040 Ge¥

200 220 240
Di-hoson mass ( GeV)

N.Meyer, Eur. Phys. J. C35 (2004) 171

hep-ph/0308142

#
-




Measurement of the production cross Cross section relative to SM
section times branching ratio (8" s —+1X BUN-ZZWW) [0 'BR,

hX)-BR(h — WW/ZZ)

is possible with precision ~ 4 — 7%

(SM-like scenario, 500 fb™ )

This will constrain the - value

s 0.8




PLC

Cross section for the Higgs boson  In SM, dominant contributions to twe-photon
production at the Photon Collider is  amplitude 4 are due to W and top loops.
proportional to the two-photon width M, = 250. GeV

|_ :\_ lll i

Phases of /" and top contributions differ
where: Phase of top distribution thanges with & 4 !
A=Ay Mw)+ Y NQ5sA (M) + ... _

i - Both T+~ and the phase of the amplitude ¢,

depend on vy and y;




PLC

or resonant vy — h — WTW sif:rml Large interference effects are expected

in the considered mass range
k -‘.I_""\.. - ,_|=[_-:
W LH - e -
i‘” : |

ge non-resonant bg.

nterference is sensitive to the phase of the two-gamma amplitude




Measurement of the production cross Cross section relative to SM
section times branching ratio o r— ) BRINZZWW] | ogy"ERg

o(yy — h)- BR(h — WW/ZZ)

is possible with precision ~ 4 — 9%

can be measured with precision
40 — 120 mrad

HEF] M 4 I'l":l'll'll":. "“:":J -|"'||"- = |'||":|'|-'|":::‘:_J-
A L TR L e el R L i ey




LHC ¢ ILC ¢ PC

Measurements at LHC, ILC and Photon Collider are complementary
being sensitive to different combinations of Higgs-boson couplings

Cross sections « BR relative to S\ My = 250GV

ILC PC

10




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 and A.

We consider weak CF viclation through a small mixing between [ and A states:
h

XX

X cosbgy + x5 -sindyy

A - H
X ":'::3'['."."_1 Xy - sl -I-..-,.-_l

- additional model parameter:  CP-violating mixing phase &g 4
- see our paper JHEP 0502:041,2005 [hep-ph/0403138]
In general case
combined analysis of LHC, Linear Collider and Photon Collider data is needed

We consider fi; production and decays, for (@ 4 1 (weak CP violaion)




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




Generic model
Couplings

We consider model with a generic tensor couplings of a Higgs boson H,
to ZZ and W —:

M
GHZZ = w—"f} (J\ ' L P WP

COS Hyyr

_wpo (PLFP2)p (P1 — ,u,ﬂn)
|;

(1 + 1“’2.:'..-: (p1— p2)o

Standard Model (scalar) couplings are reproduced for A ;; = 1 and A4 = 0.

guww = v My (}h - gttt + Ag- ghtpa

-alar Higgs boson corresponds to A ;; — Uand A 1.
We consider small CP violation (deviations from SM), i.e. A\jp ~ 1, |A 4] < 1
H couplings to fermions assumed to be the same as in the Standard Model.
Model: S.Y. Choi, D.J. Miller, M.M. Muhlleitner and PM. Zerwas, hep—ph/0210077;
D.J. Miller, S.¥. Choi, B. Eberle, M_M. Mihlleitner and PM. Zerwas, Phys. Lett. B505 (2001) 149;
D.J. Miller, Spin and Parity in the HZZ vertex, ECFA/DESY meeting, Praq ue, November 2002.

Higgs CP from 7 : K. Desch, A Imhof, Z. Was, M. '-:-.-':'-ril-r hep-ph/0307
K. Desch, Z. Was, M. Worek, Eur.Phy ._.J.I" 9 (2003) , hep-phi £

Higgs CP from H — | I: E. Asakawa, K. Hagiwara, hep-ph/0305323.

Godbole at al. tt/:




Angular distributions

B "'--".-"'\—".-H\'-".-.'\'-"i-\'\—".-."-".-\'\- 1"-.

(Generic model

Angular variables used in the analysis of higgs
CP-properties:

higgs decay angle angle 9,

polar angles @, and ©@-

angle between two Z/'W decay planes,

) = [}y — )3
Ad= dy— ¢

To simplify the analysis, we introduce

5""26-_ . sin? S5
(14 cos2@1) (14 cos?2@,)
ratio of the distributions expected for a scalar
and a pseudoscalar higgs (for A, == M)

{ =

All polar angles are calculated in the rest frame of the decaying particle.




— gcalar

= = pseudoscalar

background




ZZh — CPX (mass )

Henemeyer, Velasco 2005

CPX nghER{h — bb) FeynHiggs

< <Ur

313

16
14
12
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CP-even, CP-odd states
inyy—tt

Asakawa, Hagiwara..

)} 360

y 360

380

380

400 420

340

340

360

380 400 420

m, ; [GeV]

360

380 400 420

Scalar (dashed)

Pseudoscalar (thick
solid)

Mass — 400 GeV



Probing the CP-violating Higgs
contribution in y y — ff; Godbole, Krami,
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_V dominates




Higgs physics at PLC

m Precision measurements of light H (->bb) jikia,Gunion

O Di_slﬁnguishing SM-like scenarios Ginzburg,Gunion

m Establishing CP property of Higgs bosons
Grzadkowski,Godbole,Zerwas,Kalinowski
Heinemeyer, Asakawa, Ellis,Pilaftsis,Lee

O Covering LHC wedge Spira,Muhlleitner, Kramer,Zerwas,Gunion
Niezurawski,MK

m Testing Higgs selfinteraction Kanemura, Okada,Belusevic
m Determination of tan beta in t*1" fusion

Zerwas, Kalinowski

m Testing non-standard scenarios



Signal and background

Table 1: Total cross sections for the process vy — eTe™ G, , with and without photon polar-
1zation. Mg 15 set to be 1 TeV, the polarization efficiency F, = 0.9, and the cross sections are
i fh

x,.-'3|1.%-=.'c'| d=3|d=4[d=5]0=06

unpol. | 46.46 | 1302 | 4602 | 1.700
500 +— 60011935 | 6,353 | 2.576
++ | 3201 | 8.403 | 2.532 | 0.521
unpol. | 3717 [ 2227 | 150.1 ] 1088
LK +— | 4808 | 3006 | 219.3 | 164.9
+ + 30.9:

Full bakground simulation

We conclude that by adopting an unpelarized 5y eollision machine with /5 = 1 TeV in the
case of & = §and £ = 100f577, the graviton signal ean be debacted when My < 267 TeV, while
in the case of 5 = 300 GeV, the graviton signal an be detected anly when Mz < 140 TeV,
[f we adopt & vy eollider maching in +- polarized phaton collision meds, the detecting upper

limits an the fundamental seale can be improved up to 2,79 TeV when 5 = 1 TV, and 144

TeV when /5 =05 TeV,



Using lum process to detect KK graviton
in ADD at PLC;
Zhou,Ma,Han,Zhang hep-ph/07081195

- For J=2 large cross
""" 56 /S section

Polarization efficiency
P, =(N,-N)/(.+.)

Fund. scale M_.=1.5 TeV

12300



180< My -
120< My < 160 GeV

SM Higgs, My = 350 GeV

5

- G
- 5[]

M5S5M heavy Higags, interm. tan 3
large cross sections
larqe Ccross sections
measurable cross sections
tt stoponium
Mz < 0.9 x 2E; — M

L

. |:_-_ \l:lil

.

- ely
N ]
- ely

non-commutative theories
extra dimensions
Radions
superlight gravitions

W
W,
- AW (2

anom. W inter., extra dimensions
anom.W couplings
WW scatt., quartic anom. W £

¥:;

- Thy,

anomalous top quark Interactions
anomalous With coupling

- hadrons

total vy cross section
NC and CC structure functions
gluon in the photon
JCD Pomeron




Compton light sources are
develobing the laser technoloc

2OSIPO

m Resonant cavities are
being developed for:

— Polarized positron
source

— Laser wire
— Beam diagnostics

— Medical and industrial
applications

Laser development is being pushed by applications inside and outside of HEP




Other PLC related conferences
aJ:d workshops 2007/8

= Photon 2007 Paris in July

— Workshop on Photon linear colliders
and physics of photon-photon
collisions

= Hiroshima workshop on intense laser
electron beam interactions, Dec 2007

http://home.hiroshima-u.ac.jp/1ei2007/

m Posipol 2008, Hiroshima in May

— Laser and resonant cavities for
photon beam production




Photon Linear Collider
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