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- Theorist Summary of New Physics . -
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The LHC is our next Hope !

e Great startup on 10/9!

* ..Serious problem on 19/9 (> 2 months to fix)
* So, a bit more patience will be required.

* But LHC will come on strongly in 2009
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- Two-photon interactions

Two ways to have two photon interactions at linear colliders
* Weizacker-Williams spectrum from electron beams, similar to LEP
* Convert electron beams into photon beams by Compton
backscattering of laser photons = high energy yy & high luminosity
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B A Photon Collider

convert electron beams into photon beams

s!2= 500 GeV

Yy or ey
intferactions
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Shoot photons
from a laser
onto the
electron beam

Conversion point:
1 mm-1 cm away from IP

g
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Compton backscattering on low energy (eV) laser photons
* Needs crossing angle (to avoid background from disrupted beams)
* Needs second/different interaction point (lasers, optics)

* Needs only e- beams (ho positrons)
= higher polarization (electrons 80% vs positrons 40-60%)



Physics at a yy
and ey collider
- -General- -
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Cross sections for yy processes -
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Cross sections

At PC: one can control the photon helicities

YN

103, Jz=0

YY (£,4) or (-,-)
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Cross sections -

‘ey cross sections
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Advantages of yy

Higher cross sections for charged particles
Different JP¢ state than in e+e-
Higgs can be s-channel produced
Higher mass reach in some channels
- Pure QED interaction (in e+e- also Z exchange)
Higher polarization of initial state (>80%/beam)
* CP analysis opportunities (linear y polarization...)
= Physics Menu ... as for an e+e- collider

Higgs
- Supersymmetry
- Alternative theories (extra dimensions, etc.)

EW: e.g. Triple Gauge couplings, QCD, Top,...

and ey‘ -

/(, K=3yy/




Reaction Remarks -

vy — H,h — bb SM/MSSM Higgs, My < 160 GeV
vy — H — WW(*) SM Higgs, 140< My < 190 GeV HiggS
vy — H — ZZ(*) SM Higgs, 180< My < 350 GeV
’“,"‘, — H — vy SM Higgs, 120<< My < 160 GeV
vy — H — tt SM Higgs, My > 350 GeV
GOIden PI"OCCSSQS vy — H, A — bb MSSM heavy Higgs, interm. tan 3
for‘ a — ff \/+ X large cross sections
. ﬁ,ﬂ — gg measurable cross sections
PhOTon COI ||der‘ vy — HTH™ large cross sections SUSY
vy — S[tt] tt stoponium
ey — € f((l) M.  <0.9Xx2Eky — 1\-1\7?
Y — VY non-commutative theories
ey — ed extra dimensions
Yy — @ Radions EDs....
ey — éG superlight gravitions
Y — Vl+ W= anom. W inter.: extra fjimensions Trilin.
ey — W e anom.W couplings
vy — AW /(Z) W W scatt., quartic anom. W,Z COUPI.
Boos et al., — P TS——r—
vy — tt anomalous top quark interactions
heP-Ph/0103090 ey — thre anomalous Wtb coupling To
v~ — hadrons total y~y cross section P
ey — e X, veX NC and (_.(.. structure functions
ADR (ECFA/DESY) Y9 — qq, cc gluon in the photon QCD

hep—ph/0311138 vy — J/p J [ QCD Pomeron




Luminosity spectra
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V. Telnov/TESLA TDR
Photon backsca’r‘rer'mg

Kinematics & Photon spectra

lectron
l]l]C

k= N/N, ~ 10-7

Photon collider needs k~1

(e.g. solid state lasers)

First experiments (30-35 years ago)
e | (k = # electrons that interacts with a y)

—Needs laser with flash energy~ 1-5 J

Energy of the scattered photon w depends on the photon scattering angle 6

Win X E ) axe ?
— ' TEECE Win — , . ! = " .
1+ (0/0q)? 1 ! E, v
T = _lE_“w‘“('().92(1.,,,."""2 ~ 15.3 Eq - [w”} =19 Eo , [/””
mc! | TeV] LeV TeV | L A

o, IS The maximum energy of the photon ‘

250 GeV, wy = 1.17eV (A = 1.06 pan)
and w‘,,,‘,:'";E() = ().82.

Eu —
= r =4.5

Example:
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- Compton Cross Section -

The energy spectrum of the scattered photons is defined by the Compton
cross section

1 (,]fT,- 2f71| 1 _ y .. \ / \
— = A +1—y—4r(l —r)+ 2\ Porx(l —2r)(2 —y)
. dy ro. |1 —uy
p )
.- Y 2 ec\ " 1 n—25 2
y = w/Ey. rP=——"— O =TI. =T =] =25-10 " cm”
| (1 —uy)x me?

Where A, is the (mean) electron helicity and P, that of the laser photon

. ¢ |
Total cross section 7. = ”:.) + 2\ FL.o, .

. — — — — | In(x — 4+ — — ‘
‘ T r x? | 2 2 +1)2

2 (L B, ] |
, = T - ny.r . — .
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" Spectrum of the Compton -
scattered photons —

Awy g = w/(x + 2)
~ 10-15%

Spectrum of the scattered
photon strongly peaked

at high energy (80%E, for
x~ 45)

Higher x: stronger peak
and higher o,

But x limited to ~ 4.8 due
to e+e- pair creation
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Polarization of the photons . -

The averaged helicity of the photons after Compton Scattering
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TESLA(500)

vy and ey luminosities

1

0070170203 04 05 06 07 08 09
z =W /2E,

Not all electrons
converted

=A vy collider gives
also ye luminosity

Luminosity
L.~ 02L,..
(but could be larger)
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Degree of linear polarization -

If the laser light has linear polarization then the high energy photons are
polarised in the same direction

i \ 2,.‘_) Pi

=)yt =y —Ar(l =) =20\ Par(2 —y)(2r — 1)

Aty =y, the degree of linear polarization |
. 0.9 [ le .
IS ) - = ]
[, = - — : 0.8 [ x> ]
ol a4+ (1+2)! 0.7 |
> 0.8 F 2 .
y - J|  Sensitivity goes o5 /3 ;
0334 |48 | as |Y2 o4 F 4,87
. . 0.3 | b
0.6 2 |l = 3 time more signal oo b /// ]
v08 L1 v at x=2 comp. X=4.8 /
o PRI, apOS=— s et S el MR | PPN AR P P .

of e.g the Higgs Boson y=w/Eo
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Interaction Region and Detector .

21
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Lasers & Optical Cavity

Ring cavity

(schematic view) 0.1J. P~1KkW
3 ps
T ~0.01
i ) XL;j=100m Q~100 \\,_ laser ﬂ—‘m =
/ < . ~4000 pulses
x 5 Hz
Detector K‘_-“"':Z-/
P —)@-1m
€ _::___;_’:-_;;‘-“—-
12 m

Use lasers with 0.1J Flash energy/bx, ~ 1 ps flash, recycle ~ 200-300 times
= Technically feasible today !
22



ir - -
H Photon Linear Collider

MBI/DESY laser
stacking cavity design:
- 369 ns path length
- factor 300 reduction
in total laser power

Similar physics drives the
main detector
requirements

Higher backgrounds
B-tagging is more
difficult

Detector must be modified
to accommodate the laser

and to remove the disrupted
electron beam



Interaction region

‘ Mask and laser optical paths

TPC %‘ HCAL { Yoke j

eln - \ ¢
i
z\ }. e out ..... L L L T ras e md .. L L T T L T e TP

G
Quadrupole

U |
Backgrounds nder contro

Laser Out Low energy electrons
Incoherent e+e- pairs
yy—hadrons (overlaid events)
X-rays

Neutron background o



,'Ip The Photon Linear collider must have a

JLF 25 mr crossing angle

Laser

QDO

T. Takahashi

* Physical overlap between the extraction line and the
final focus quad sets the minimum crossing angle

25



,'Ip Bend at 700m has cheaper conventional

JLF facilities but has operational issues

14mr => 25mr A Seryi, LCWS06

« A 5mr bend has many
operational unkowns

— Where is the beam

« A 5Smrbend 700m upstream
reduces the additional tunnels

required abort?
— New tunnel for beam dump — How do you collimate?
— Extra few meter in the — What about
experimental hall backgrounds and

machine protection?
— This needs much more
/ study before it is mature
7m ; L . L
v i /4] I‘R

|
It will be enormously cheaper to retro-fit a detector for [\
photon collider operations if some attention is paid today \

V. Telnov

Lt \J




Wsics Processes

QCD
Higgs
EW

sSuUsY
Alternatives

27



Total Cross Section

7 %0 = 500 Pancheri, Grau, Godbole, ADR
T a0 <:v 450 b)
E 700 £ 400 & Phad constant=1/240
0 - -
& 600 2 g e 2500 — GRSp, . =132 GeV BN, soft from p/pbar
5 s00 oo - GRSEMM p, , =15 GeV k=04 A=0
Z 400 200 Aspen
300 180 E 2000 - = CJLK p, , =1.8 GeV BN, soft from p/pbar
200 100 i
100 50 ® LEP2-L3 189 GeV and 192-202 GeV
0 100 200 300 400 500 * pseudo data points
n . \I,SW"'SIMQ (GEV) i + TPC ’ ) 5
P 1000 -~ Desy1984 e
c 1800  Desy 1986 l Yy ok
=2 - s /
= 1600 - | j ik
< 1200 £500 - ’:H:t B @t
1000 6 NRE = s s s SGRES
800 ok
600 07177 ,,,,, | 1 e L
2 3
400 1 10 6V 10
= o
0 - e -
o 50 100 150 200 250 300 350 400 450 500
'8 (GeV) Detector level STUdy:

Can measure o(yy);s to 7-15%

Fixed * = 4.8 — change laser energy )
at several energies
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EE QCD . .

‘ Photon structure function reach at a photon collider ‘

BL.. ., E_=250GeV, 6__ =225mr
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Also information from jets, charm | Q°(GeV")
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- QCh

_4-

Unique: the polarised structure of the photon
Use of polarised beams in e+e- or yy/ey

ey option g91(z,Q%) = 33:€e}Ag;
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Jet asymmetries
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- Higgs

Production Mechanism for Neutral Higgs Bosons

Y b Landau-Yang
y b

Higgs produced in the s-channel

Enters only at the loop level
Mainly sensitive to tH and WH couplings

All charged particles (also new, unseen ones)
contribute! These will affect the partial
width T'(yy)

Cross section larger than in e+e-

H

eralded as THE

key measurement for
the gamma-gamma option

10
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LEP/Tevatron data: SM Higgs M, > 114 GeV and M < ~200 GeV (95 %CL) ‘ 31




e Higgs e -

Suppose Higgs found a the LHC: what would you like o know

Mass

Spin & parity

CP properties/Violation?

How does it decay
- Confirm Yukawa-like pattern (allow for up/down differences)
- Can observe rare decays? (H—vyy,yZ,un)?
- Confirm relations between fermion couplings and gauge couplings
- Unexpected decay modes? Signs/confirmation of new physics?
- What is the total width?
- Are there new production modes (yy—yh or Zh)?
- Higgs self coupling... efc,..

The discovery of an unexpected CP nature of the H would be very exci’ringJ
52




- H—bb study =

+ Detailed Gnalyses for nghT SM nggs Several C(ﬂCllYSZS
- Realistic photon spectra: Tune . b
collider energy such that maximum R

B cc(g) 170

lllllllll

of the peak is at the Higgs mass rawski

- NLO QCD backgrounds (Jikia)
- B-tagging via a neural network

) 130 7 = 150
W_  (GeV)

rrrrr

- Mass corrected for neutrinos
- Add overlap QCD events (~1 per B.C.) Rosca

+ Typical Cuts: Moenig
- Durham jet algo. (y,, = 0.02); 6,.;, = 450 mrad

- |Pz|/Evis <0.15
o(yy —h—bb) [r(h — ~~)Br(h — I;Z)]  Nobs = Nokga R

33



- H—bb study

§§
ng . o
‘ Measurement of Ao/o‘ T b o o
&= ¥ without OE ’(V
[ ;o
° - I
S 4 F /7
3 Q,f
A[T'(h = 47)BR(h — bb; o —o | | P
[( l ! }) ( l — )] ~ 18 /0_7 /o 2 | ________-_:_.__:’/,/
U'(h — vv)BR(h — bb)] S S
L

115 120 125 130 135 140 145 150 155 160 165

M, [GeV]

Br(H—bb) in e+e- known to better than 2%
OE: overlap events

arXiv:0705.1259 = 2-3% Low energy ~ 1 extra events
High energy ~ 2 extra events 34



- . CLICHE

D. Asner, ADR, et al., hep-ex/0111056

CLICHE: CLIC Higgs Experiment

* Possible demonstration project for CLIC
after CTF3 (ends 2009-2010)
- Uses only 2 CLIC modules (5%)
- Measure Higgs & more

EventséZ GeV
[—4
<

M;=115 GeV

! Signal

. 1 . e
100 125 150 175

2-Jet Invariant Mass (GeV)
Lasery detector — y,qepy
. . m . . X

main linac o :.M“’Jv - main linac Years of running (10’ sec)

——E’" _ 0 02 04 06 08 1 12 14 16 18 2
? F/ Q 0.2 & nr 1T ‘ LI ‘ T ‘ T T T \e‘+e\7\ | UL ‘ T ] 0.2
~ drive beam decelerato % 018" | ]
N TESLA - 500 fb™' AT /T~ |
<+— [ e L. 0.16 ! : i Tois
. b S 014 | | —
drive beam drive beam % 012 Yy —h — XX (SM) |
o'E?_ 0.1 : : 10.1
delay lo\op * 00s
: . 006\ -
-=— combiner rings g 0.0
| j 004 -\ =
002 F——+——F= =
0§ m, =115GeV | ‘ 1o
[ ! [ ! | ! [ ! [ ! [ ! [ f | !
drive beam accelerator 0 50 100 150 200 250 300 350 400

YY luminosity (fb_l)
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- MSSM Higgs: H,A -

‘ Minimal Supersymmetric SM: 5 Higgses: h,H (CP eve

n),

@ 30 T
- = A NN e
10 _llll'lll'lll'lll'l'llllll'llllllll"llllllllllll'_ 040' \s\\\\\\\\\
- - ) = N N
<G(yy — bb)> [1b] ] 30 k]
lcosBl < 0.5 : 0
tgp=7

A=13GeV

19 B
| E 8
S o7 4 7k
- __ w/loSUSY 6 b R
Tt~ ] 5 B S, N NN ; ;
it =~ s .':E,:*\;"‘ﬂf\”“ N
z Y NITNAN i AT \
background 7 / NN N7
2 NN \ NN I
-1 / NN X HY
10 L 2 ) NN \{Sgi\\\\\\ \\\\\\, ’
/ \\ & N \;\; \\\i\\\,";::
ThyH A NI Q\\\\
A RN N NN NN
RN NN N
W AN | AN AN NNNWIN
50 100 150 400 450 500

L m, (GeV)
» |[Muhlleitner, Kramer, Spira, was i
- L B l | I B . ) l | R . I | I B N ) l L B . ) I L B . ) l L I L B R . ) l | B B . ) l | U B B .
19500 250 300 350 400 450 500 550 600 650 700 Cana pho’ron collider

M, [GeV] close the LHC wedge?

e+e- collider: H,A produced in pairs, hence M, reach is Vs,,/2
vy collider: s-channel production, hence M, reach is 0.8-Vs,,
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. H,A—bb STUdjf -
| M, = 200,250,300,350 tanp =7 |

Number of events / 5GeV

¢ ¢ beams with \'s ce =419 GeV

tef=7 M,=u=200 GeV
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¥ without OE
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300 | gﬁ v ',F 4 V\.\
M,=1=200 Ge - : -~
B ~.
250 NLO Background: = 12 r
EE  bb(g) Tk
200 B cc() \g i
Total L, = 808 b < s
150
6 L
100 . L
AC/G=6.3 %
50 2
o Lt vy v 1
0 200 220

200 225 250 275 300 325 350 375 400
W (GeV)

corr

240 260 280 300 320 340 360
M0 [GeV]

Measurement of Ao/o to 10-20%

(1 year running)‘
3

H,A degenerate
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7 MSSM H/A Higgs Reach

TESLA: After 2 years type—1 + 1 year type—II TESLA: After 3 years type—I + 1 year type—II
Contours for: 99% CL ——  dg — Contours for: 99% CL =—— g —

LHC H,A Wedge | LHC HA Wedge

|

13&) 30 400 430 00 300 350 400 450 200
my (GeV) my (GeV)
Study for
US study D.Asner/J.Gunion (LCWSO02) a e+e- collider
e Extends e+e- reach at 630 GeV

- Need few years to close the LHC wedge
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- Linear polarized beams

If ¢ and €5 are the photon polarization vectors (which are perpendicular
to the beam), then

€; are parallel — produce CP-even only _H

€; are perpendicular —— produce CP-odd only _s A

Define an asymmetry ., o= ol 1+ @ <P
?\r o "\r' Q N - Ao fo,=T7%
| e S B H (f=1) /%%
—_— ] T-” + 1\‘?: .5 A (f=0) Af=22%
s : significance 4.5 o
After taking backgrounds and realistic polarizat + +
per 44 t |
cP A . * !
after one vearl. A.F,. Zarnecki et al ArXiv:0710384
8 years running
The C P-even nature of the Higos boson could b 0 0 1
level <P,P,cos2A¢>

Linear polarization to produced either H or A (or mixture)
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Next-to-MSSM Study

Going beyond the simplest model e.g. NMSSM:
=7 Higgs particles: 3 CP even (h1,h2,h3), 2CP odd (al,a2) and 2 charged

Ipoint Number ll [2 I3 I—l IS |6 I
Bare Parameters
A 0.2872(0.2124 [0.3373]0.3340]0.4744 [0.5212 '
K 0.5332(0.5647 [0.5204 [0.0574]0.0844 |0.0010 ) gg — h ja — Yy,
tan 3 2.5 3.5 5.5 2.5 2.5 2.5 9y RS . N . /o . e o Y & e " .
— V) ST RS R G B 23 associated W h/a o H/.-_, a production with 4~¢* in the final state;
Ay (GeV) 100 |o 50 |soo [s00 |s00 3) associated tth/a production with h/a — bb:
A (GeV) 0 0 0 0 0 0 . = . . _ N

(9 associated bbh ja ywroduction with fl a—T'T

Ja] ‘

mu, (GeV) s [ue [z [r6 [s5 51 5) gg — h — AN leptons:
Relative gg Production Rate 097 |0.99 |0.99 |[0.00 |0.01 |0.08 Y\ () Pt p— .
BR(hy — bb) 002 |0.01 |oor |oo1 [ooer [o.0 6) gg — h — W — T v
BR(hy —71'77) 0.00 [0.00 ]0.00 |0.08 [0.08 [0.00 TYWW — h — 75+
BR(h, — aya,) 098 [0.99 |o.es Jooo [o.00 [1.00 o ) ()
Mhy (GeV) 516|626 594 |118 124 [130 SPWW — b — W,
Relative gg Production Rate 0.18 |0.09 |0.01 (0.98 |0.99 (0.90
BR(hz — bb) 0.01 |04 |o.o4 Jooz Jo.or [o.00
BR(h, —7t77) 0.00 [0.01 |o.oo Jooo Jo.oo [o.00
BR(hz — aia1) 0.04 [0.02 [083 Joo7 [oo9s [o.96 Some Of TheSe H|993€S Canno-r be seen
[, (GeV) [745 J1064 [653 [553 [s54 [s35 |
CP-odd Higgs Boson Masses and Couplings a"' The LHC if decay h%alal —_— b bb b
m,, (GeV) 56 7 35 41 59 7 !
Relative gg Production Rate 0.01 |0.03 |0.05 (0.01 |0.01 [0.05 l
BR{a, — bb) 0.92 [0.00 [o.93 Jooe2 Jo.92 [0.00 ar‘ge
BR(ay —7'17) 0.08 |0.94 [0.07 [0.07 |0.08 |0.90
Ma, (CeV) 528 |639 |643 [|s60 [563  |547
Charged Higgs Mass (GeV) 528 |640 |643  [561 |559 |539 L . 'f . h h . h l .
Most Visible Process No. 2 (h1) |2 (k1) |8 (h1) |2 (h2) |8 (h2) |8 (hz) ‘ Ow s'gnl |Cance GT 1- e lg eST um'
Significance at 300 fb~! 048 026 |0.55 |0.62 |0.53 [(0.16
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NMSSM at a PC -

Scenario |my, (GeV)|ma (GeV)|a(vy — k) (fb)|Acceptance |No. events / 10%s
(1) 115 56 112 0.26 139
(3) 123 35 9.1 0.33 14.7
(4) 118 41 46 0.28 63
(5) 124 59 6.0 0.24 7.1
SIGNAL on top of BACKGROUND - 4 SCENARIOS A s ne r‘ eT a l .

25 [ T T T T T T T T T

Evi10%

Signals and background for
Four of the difficult LHC scenarios

Study h—a;a,—bbbb

ey 120 140 oo 120 140

my, =115 My, (GeV) m, =123 M, (GeV)

T T T T T T T T ] T T T T T T T T T

-
]
=
>
i<t
=

Evi10%

Clear signals confirming/discovering
these low mass Higgses

1 Note e+e- —Zh should see these
10 120 40 100 120 140 W|‘|’hou1' pr‘ob'ems

m, =118 M, (GeV) my, =124 M, (GeV)
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- Higgs Wrap-up

Mass See M. Krawczyk talk
- ~ 100 MeV/ 1 year running ~e*e-
Partial width T'(yy)
- 2-7% in bb channel ( needs H— bb from e+e-) 15% in e+e-
- 3-10% in WW,ZZ channel (heeds BR from e+e-) ~ete-
Determination of the phase of the yy — Higgs amplitude Unique?
- 3-10% in WW,ZZ channel
CP analysis: many posibilities More handles
- h—ZZ,WW angular analysis than in e+e-
- h —1t interference with QED background, Clean testsl!

lepton charge asymmetries
- Linear polarization
Rare decay modes
- H—yyl, H>yZ? Difficult in e+e-
Discovery reach for H,A
- Up to 0.8 Vs, for vs,, ~ 800 GeV e+e-Vs/2- 50 GeV
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- Anomalous WWYy couplings

K. Moenig et al. arXiv:physics/0601204

10 10

10 — | 10 )

10

10

E =N
ILC ]
800 —}

SO
=
LHC —I

LEP
Tevat.
LHC
ILC s
500
ILC
500 ey
LEP
Tevat,
ILC
500
ILC
800 J
ILC
ILC
soob ]

Sensitivity to anomalous WWy for different machines
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Anomalous couplinags

A. Manteuffel

Anomalous Couplings in yy—=WW

Gauge and gauge-Higgs anomalous couplings

a

1
o = v— (h“ Oy\ RS ,)b\ O‘V -+ ,7 W O w + h_. oW O'. w + ,’,-BO;B - ’7; RO'.B

+ hweOws + Mg Opg + MO + h :.O,-;.) _

ol‘\’ = €k W"vx' w; ; W: ;

Ouw = 5 (#1v) W W

Owm =

h/

O =3 (¢'v) BuB
(¢'7') WB"
(

Sensmwty with polarlzed beams

- 1 TV N 1
s 1 TeV, J; =2 ]
mm | TeV.J, =0
mm 500 CGeV, J. =0 i

Oy = e WL WA wricw

L

(o J (r

—Hr- (

= ('
= (¢« f‘r)( o

)W w e

)

Comparison of Sensitivities

!
tuuuuu |

Ow Own Opwp Oy Owp Yowpe

LEP&SLD (") | ee— WW () | 17— WW | 17 — WW
unpolarised =0

h (1077 ih (1073 | sh[10°%) | dh 1077
B -69 + 39 0.3 0.6 0.3
hwe | —0.06+0.79 0.3 1.6 0.7
M wp b x 2.2 09

HY | -115+2.39 36.4 - .

By 68 + 81 0.3 0.7 0.3
hivs 33+84 22 2.0 0.9
h.w : - 2.0 0.6
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‘ Search for deviations in the top couplings ‘

Cd

Anomalous Top Couplings . -

.

fa

R
I

Tevatron (Agys. ~ 10%)
LHC (Agys. ~ 5%)
ete™ (v/3,, = 0.5 TeV)

ey gives good

—0.18 <+ +0.55
—0.052 + 4-0.097
—0.025 + 4-0.025
—0.045 <+ +0.045
—0.008 + +0.008

—0.24 + +40.25
—0.12 +- 40.13
—0.2 +- 40.2
—0.045 + +0.045
—0.016 + +0.016

Sensitivity ve (v/50e = 0.5 TeV)
(1 year running) ve (v/8,, = 2 TeV)
Boos et al.

The ~ve collider is more than competitive!

f,t & f,R anomalous terms in the eff. Langrangian, « 1/A (new physics scale)

Beam energy: 250 GeV. L=20 fb=!. Cut-off angle 30 deg.

vy—11
Electric
dipole moment
Godbole et al.

[deal: 533
Zarnecki: 238

-0.031
-0.023

No. of events Charge asymmetry Limit on dipole Moment
6.5 X 10717 ecm
1.3 X 107'% ecm

Limits will better by factor 5 for 500 fb=*.
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Supersymmetry -

Cross sections for SUSY
particles at a LC

10 ¢

Pox L )

Note: couplings only to
photon

E.g. charginos at 150 GeV

o (pb)
j

[ L (b~1/107 s) o (fb) Event yield

0 !’
10
|
i Spin-0 30 3000 90.000
Spin-2 5 1000 5,000
ete” 160 300 48,000
10...I,!,h“.{.”.s._.!...,s,“,l,.‘,\ . . I
300 400 500 600 700 800 900 1000 Two times as many events in yy!

Vs, (GeV)



Extend reach for sleptons

i T |
e+e-: reach is vs/2 [ T e seney /e
reach is 0.8Vs-M(LSP)

0.1 k

ey:
Can extend the mass range by _
100-200 GeV if LSP is light ¢
e~y = &L X (1 0 _ e X (0)_:‘ (0) .
M(LSP) = 100 GeV
0.0001200

Klasen, Berge
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- Gluino Production

Berge, Klasen

g g g
Gluinos couple only strongly!
Suppressed in e+e- and cannot : : G
g g g
be measured
Can be produced at | ; : ;
*the loop level in direct vy collisions E
*the tree level in resolved yy collisions \ N
10 _ml\ul,\\.l Dleplendtlznlcelot;[)Iil'cl’ctl_.:‘l{lesloll\’elcl I(‘olntlril?utliops_ o 8
Vs, =500 GeV ? “ E . C
[ m> =200 GeV ] :
1 __\K —_ Directt+Resolved 4 >€GGGG{ V;i
; \* --------------------------------------- Direct A q E ﬁ—<—i:9:9:9:9:9:93 g
) l— ------------- Resolved (qqtgg) ]
Tm 3 Tl e Resolved (gg only)_g
% 2 Tl
10 .
g : 3 g S g
10 - — ____________________________________________________________________________ — (:?’GGG’GG/{ ;
p 1 & o erororecensanns, §
10 =300 600 800 1000 1200 1400 = Squar'k mass

mg oy [GeV]



G [1b]

yy— Gluinos (Direct) ‘

e (80%—)e (80%—) e e gg
I T T T T T T T T T

3 T T T — T
- ~ Q QITQ
o sf_’-mg,O.ts.llbts
L M.\‘us}'

e —— MO
o ——— _ 325Ge)
= —~ —_— —
— __'___,.r" o T — -
— > ~3
- / - P — —— =
== - - e —— et TN
e = - S00 Gel
__o——-'-' -
- .
|~
= T -
E et 3
b ’-a—'l-‘ ———
T e T T ]
T ™ ememT 800 GeV' 1
e .
T
-----------------------

AT T
T e —
- E
E - E
= - E
C o ]
i 1500 GeV 4
L e g

mm e T

L e T e

22 =T e

| P Lotk i | O i | | |

Gluino Production . -

‘ yy— Gluinos (Resolved)

¢ ¢ (unpolarized) — ¢ ¢ gg qf
T ' l ' T

I = T T T T T T 3
C Vs= 2m/ 0.8/ 0.878 ]
N .
10 T —
E T N o Tl l\“lSusy E
- el e T e 1500 GeV A
10 & ANy e T 800 GeV 3
L ™ ~— o ___,.-—=‘:‘: i
— T = - -
325 GeV ~ o
3 re e “~e.._500 GeV
10 = IS
F 1 : | | : 1 : ! : .
200 250 300 350 400 450 500
m;, [GeV]
| |
I — T
800 Vs [GeV] 1200

— between 20 events for squarks of 800 GeV and 2000 events per year for

light squarks of 325 GeV

— about 20 events per year for heavy squarks (1500 GeV) by resolved

contribution

Can PLC add
to LHC?
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Determination of Tanp

Methods to determine tan 7 for large values beyond tan 3 = 10
(a) charginos / neutralinos = cos23 slope ~ 1/tan®3 Choi et al
insensitive

(l)) TP .l‘”‘i/,lf.lu]] et = ~ l”‘, ]’)uu‘ et .‘ll
(c) bbH /A, H/A widths etc = LHC 3“()‘/'11_] : 12 to 4% Gunion et al

= LC/2.000fb~":5 to 3% at M, = 200GeV Tau fUSion S tan beta

' Q) L — € . 1 ~ 9 o7 ”e e e ) -
(d) LHC sim H/A = 30fb 20% Kinnunen et al New method: Tauon fusion of Higgs i /H /A / at ~~ collider:
(e) vv—H/A — bb = ~ 4 to 10% [estimate] see: Niezurawski et al vy — (Tt o)rtrT )=t + R/H /A
and Velasco et al

Additional methods strongly required for precision analysis of tan 2

couplings: for large tan 3

ArT =tan3, Hr7 ~tang for A|H heavy
hT7T ~ tan 3 A light

S.Y.Choi,J.Kalinowski,J.S.Lee, M.M. Muhlleitner,

M.Spira,P.M.Zerwas hep-ph/0404119

cavs: i fH /A — bb at 90% level = SPS1b

In analysis tan beta 10-50 and mass 100 -500 GeV

A tanp ~0.9-1.3

lum 100 (200) fb-1 for energy 500 (1000) GeV
(background included)
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- Extra Dimensions

16 : ' ' P
Why is gravity weak? K Chﬂ'gg_s% A
Has more than 4 dimensions to spread out I T S
Extra dimensions small, um to TeV-! scale o s sl s
= ef T e
= Deviations in SM cross sections i = -
sl /,,-, ;g-;’if’w YY 1
j- :_2_?;-&.:,"’ |cos &, |<cos(30 )
ADD: Planck scale in TeV range ¥ . |

S00 1000 1500 2000

Photon collider has a large =
SenSiTiViTy Reaction Ms Reach (TeV units) for L = 100"

e — 17 6.5vs TR
ol RIZZO
ete” — ete™ 6.2/s
e e — e e 6.0/3

pp — £"¢~ (LHCQ) 5.3
pp — jj (LHC) 9.0 .
WW production: pp — 77 (LHC) 5.4 Also studies
- *,*,—-ll [tt/57 4./s . .
-Large statistics v — Ay 127 1_55 on Radions in
= WIW- 115 RS-models

-Many observables
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Extra Dimensions

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

For J=2 large cross
section

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

Fund. scale M;=1.5 TeV
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Extra Dimensions

Signal and background

Table 1: Total cross sactions for the process vy — ete™G,, , with and without photon polar-
ization. Mg is set to be 1 TaV, the polarization efficiency P, = 0.9, and the cross sections are
in fb.

d=4
13.02
500 +- | 60.01]19.35 | 6.853 | 2.576
++ | 3291|8493 | 2532 | 0.821
unpol. | 3717 | 2227 | 150.1| 108.8
1000 +— | 4808 | 3006 | 219.3 | 164.9
+4 | 2626 | 1358

Full bakground simulation

We conclude that by adopting an wnpolarized yy collision machine with /s = 1 TeV in the
case of § = § and £ = 100/577, the graviton signal can be detacted when Mg < 267 TeV, while
in the case of /5 = 300 GeV, the graviton signal can be detested only when Ms < 1.40 TeV,
[f we adopt & 7 collider machine in +- polarized photon collision mode, the detecting upper

limits on the fundamental scale can be improved up to 2.79 TeV when /s = 1 TeV, and 1.4

TeV when /5 =05 TeV.
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pz’}~2 Pa
A
Pyshy Ps
(a)
Pyhy Ps
Parlz ®) >

Measurable effects

Also yy—vyy
See arXiv:0801.0018

Unparticles

S(T)
R

S(T) _ Ospmiu — Osm

U
Osm

) IIIIIII|||||

arXiv:0802.0236

Effect of virtual unparticle contribution to

the yy—1t cross section

E (a)
G
10 & .
F 5
-2
10 -
E Us(1.9) ______________
: ST UL1.9)
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10 - et
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Timeline for ILC options?

Year: 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

EDR

Site

Construction

e+e- physics

options

¢ ¢

\

First Physics from LHC
Our view of what needs to be done will be refined,

¥ Concrete starts to be poured

Decision are made that we will have to live wi

perhaps changed

Ll

Photon collider?
Is the community
in place?

We need to be ready to make decisions for the baseline machine to maximize
it's physics potential for the long term.

J. Gronberg LCWSO7
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- Conclusions -

Many detailed studies on the physics case for the photon collider
R&D for a photon collider & detectors ongoing

- Have to keep up support for these activities (LC & photon workshops!)
Detail results on physics

- QCD studies on the structure of the photon and o(yy)y.+

- The light Higgs results confirmed and extended — AT’ /T ~ 2%

- H/A study confirms reach for high masses, beyond e+e-

- Detailed study of the TGCs — A measurement competitive with e+e-

- Excellent sensitivity to SUSY and Extra Dimensions/alternative theories

* A photon collider is an excellent machine for physics

¢+ It is strongly coupled to the faith of ILC/CLIC and hence >2020

* Some of its program can be probably be initiated at the LHC
with two-photon physics studies...
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Backup
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