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[ 1naH

v'BBegeHune, ynpyroe paccesHmne doToHOB
Yy
v N3y4yeHus y*y*-npoLeccoB Ha e+e- konnangepax
vy, ve -colliders

v Vipgesq vy, ye konnanaepa B BbICOKON SHEPrnen n CBETUMOCTBIO
Ha 6a3e oQHONPOMETHbLIX e*e” Konnanaepos, rae POTOoHbI
nony4varoTcda nyTeM KOMANTOHOBCKOIO paccedaHnsa nasepHbix
dOTOHOB

v'PaspaboTka koHLUenuun yy, ye Konnanaepa, npoekThbl
v dnsumka Ha yy, ye Konnangepax



Ynpyroe Yy paccesaHue

[TonHoe ceyeHune (H.Euler,19306) \ . f
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PaccesiHne n pacuienneHne dooToHa Ha aape
pacLiennieHne oToHa
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Observing Light-by-Light Scattering at the Large Hadron Collider
[Phys. Rev. Lett. 111, 080405 (2013)]
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Prehistory: colliding y*y* photons

(y* -virtual, quasi-real photon)

The idea to study some physics in photon-photon collisions is about 75

years old. The problem: a source of high energy photons.
In 30-th, Fermi-Weizsacker-Williams noticed that the field of a charged

particle can be treated as the flux of almost real photons.

Such two-photon processes have
been discovered and studied

v~¢C at all e*e- storage rings since 1970th

Ze

| Landau-Lifshitz processes (X=e+e-) ,1934
Physics in y*y* is quite interesting, though it is difficult to compete with e*e-
collisions because the number of equivalent photons is rather small and their

spectrum soft
dn, ~ 2% Y Ty oL -y £ ~003592.  moly, 1=E/me
7 m, )

W(z 0.1)~ 102L,,,
L, (z>0.5) ~ 0.4+10°L,,,

z=W, /2E,
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EVIDENCE FOR ELECTRON-POSITRON PAIR ELECTROPRODUCTION

V.E. BALAKIN,A.D. BUKIN, E. V. PAKHTUSOVA, V. A. SIDOROV -and A. G. KHABAKHPASHEV
Nuclear Physics Institute, Novosibirsk, USSR

Received 25 February 1971
The process of pair electroproduction has been observed in the electron-positron interaction at the

energy 2x510 MeV. The work has been done with the colliding beam machine VEPP-2 in Novosibirsk.
The cross section of this process and the azimuth angular distribution for large out-of-flight angles of

the produced particles have been measured.

LETTERS 12 April 1971
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Fig.1l. Pair electroproduction events distribution with

respect to angle Ag. Solid curve is obtained with the

Baier and Fadin formulas. Dashed one represents the

computed distribution for the process with independent
and isotropie particle distribution.



EVENTS/( 0.05 GeV/c2)

[lepBoe HabnogeHne y*y*—C+ yacTtuy, (agpoHOB)
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V¥ y*—n'—py > Ty

(V. Telnov, e+e- collider SPEAR, SLAC, 1979)
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PRL, May 1979
I, () =5.9+1.61.2 keV
(Ha MaJIoii CTaTUCTHKE, 5.5 pb!)

Theory:

Han-Nambu - 25 k3B
Gell-Mann - 6 k2B
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Pe3ynbTaT no 1' co SPEAR 1 6611 HEOXXMAAHHBIM, BbI3Bas BCMIECK

aKTMBHOCTM MO YY-(PU3MKe Ha Bcex e+e- konnanaepax, nonaoxun

Ha4yano CUCTEMATMUUYECKOMY U3YUYeHUIO ABYXMDOTOHHbIX NPOLIECCOB B
MUpE.

Yncno akcnepuMeHTanbHbIX cTaTen no 2y-busnke
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kcnepumeHT MI-1 Ha B3II-4 no aoByxdoToHHOM domnamnke (1980-1985)

PesynbTtatel MI-1 no 2y-gounsunke

vy—hadrons (double tag)
yy—e*e, uty, T, n, n', a,,, 1

Cuctema perncrtpaumm paccesiHHbIX
9NEKTPOHOB B peakuumn e+e-—e+e-X
onpenensieT 3Heprum BUPTyanbHbIX
¢dotoHoB (W=E,-E,), oTkyna
HaxXoAUTCS MHBapuaHTHaa macca
POXOEHHOW CUCTEMDbI

AN AN —\" WW ~ 4(01 @,
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OcobeHHOCTM vy B3aMOOENCTBUN

B e+e- aHHurunaunm poxgatotcs C=-1 pe3oHaHcbl (KBaH. Yncra goToHa),
cevyeHus nagaroT C YBENIMYEHUEM SHEPTUN, T oC 1/W62+e_

B yy CTONKHOBEHUAX KOHEYHOE cocTosiHME nmeeT C=+1, poxagatotcs C-4eTHble
pe3oHaHChbl, POTOH BeAeT cebsa 0gHOBPEMEHHO N Kak ToYeYyHasi YacTmua
(C o I/ny) , @ C HEKOTOPOU BEPOSATHOCTb KaK BUPTyasibHbIA afpoH C

o(yy = hadrons) = (300-500)10 > cm” ~ const
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Spectator jet - - eikon. mini-jet model ---- Engel and Ranft (PHOJET) -
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Physics in y*y* is quite interesting, though it is difficult to
compete with e*e collisions because the number of
equivalent photons is rather small and their spectrum soft

),
dn, = 2ady(1 y+1y)ln£~0035d—w Y=F
m

T . @

~ -2
L, (z>0.1) ~ 102 L, W, 28,

L,(z>0.5) ~ 0.4+10° L,
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ldea of the photon collider (1981) based on
one pass linear colliders

The idea of the high energy photon collider was proposed at the first workshop
on physics at linear collider VLEPP (Novosibirsk,Dec.1980) and is based on the fact that
at linear e*e- (e-e") colliders electron beams are used only once which makes possible to
convert electron beam to high energy photons just before the interaction point.
The best way of e—y conversion is the Compton scattering of the laser light off
the high energy electrons (laser target). Thus one can get the energy and

luminosity in yy, ye collisions close to those in e+e- collisions: EVN E.; LnyLe-e-

Linear colliders (projects)
Photon colliders

=

ILC =

CLIC =
TESLA
SBLC

JLC(GLC)y=
NLC

SLC
VLEPP

time

1980 1990 2000 2010 2020



Scheme of ~+, ~ve collider

L 4
lectpn "“s"“
4E’owo o wQ
! 153 [ ]
Tev eV
’mnN\,—-'Y(e)L ’Y(e)

_,_f———r—-—— Ey~ Eg Ep = 250 GeV, wg = 1.17 eV

b~y0,~1mm (A=1.06 um) =

a)

E~(0.02-1)Eg x = 4.8 is the threshold for
vy, — eTe™ at conv. reg.

crab crossing
¢ 0 ~25 mrad

~0.8 E,

W, ax~ 0.8-2E,
W, . ~0.9-2E,

ve, max

max

b)

L ~ quad

15



Laser e—y conversion

The method of the Compton scattering of laser light off

high energy electrons was known since 1964 (Arutyunian,
Tumanian, Milburn) and was used since 1966 at SLAC and other
labs with k=n, /n,~10°.

For the photon collider one needs k~1 !

The required laser flash energy is about 1-10 J and ~1-3 ps
durations and rep.rate similar to the linear collider (~10 kHz).

In 1981 we believed that it will be possible just extrapolating
the progress in the laser technique (beside rep.rate was only 10-100 Hz).

In 1985 D.Strickland and G.Mourou invented the chirped pulse
technique which made the photon collider realistic.

For the supercondicting ILC one can use the external optical
cavity which considerably decreases the required laser power and
together with other modern laser techniques (diode pumping,
adaptive optics, multilayer mirrors) makes the photon collider really

technically feasible. .



First publications

1. 1.Ginzburg, G.Kotkin, V.Serbo, V.Telnov, On posibility of obtaining gamma-
gamma, gamma-electron beams with high energy and luminosity, Preprint INP 81-
50, Feb.1981, Pizma ZhETF 34 (1981) 514; JETP Lett. 34 (1982)

91(265citations)
2. 1.Ginzburg, G.Kotkin, V.Serbo, V.Telnov, Nucl.Insr.and Meth 205(1983) 47; (770c)

3. 1.Ginzburg, G.Kotkin, S.Panfil, V.Serbo, V.Telnov, Nucl.Insr.&Meth A219 (1984) 5;
(620c) (2 and 3 — detailed description of PLC principles: kinematics, polarization
effects, luminosity spectra e.t.c.)

Very important

1. V.Telnov, Problems of obtaining yy,ye at lin.coll., Nucl.Insr.&Meth A294 (1990)
72; (390c) (Removal of beams (crab crossing), beam collision effects)

2. V.Telnov, Status of gamma gamma, gamma electron colliders (PHOTON99,
May1999) Nucl.Phys.Proc.Suppl.82:359-366,2000. (“External” optical cavity for PLC at
TESLA has been suggested)

Most full description of the PLC up to now
Badelek et al., Photon collider at TESLA (TESLA TDR), Int.J.Mod.Phys.A19:

5097-5186, 2004 (290c). -



—lectron to Photon Conversion

Spectrum of the Compton scattered photons
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1 do, /
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y=0/E,

e — electron longitudinal polarization

P. — helicity of laser photons, z &~ 25940 18



Mean helicity of the scattered photons (xz = 4.8)

0.8
0.6
04 |
02 [
0
02 |
04 |
0.6
0.8
10701 02 03 04 05 06 07 08 09

y=0/E,
(in the case a) photons in the high energy peak have Ay = 1)

The cross section of the Higgs production
o(yy = h) o1+ XA
The cross section for main backgound
o(yy —bb) x1— A1)




Linear polarization of photons
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y=0/E,

coclxl,l,cos2¢  +for CP=%1

Linear polarization helps to separate H and A Higgs bosons
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Ideal luminosity distributions, monohromatization

2.5 jdL?Y/dZ ><:4—.8 ! lI
[ KL, X
2 b o

1.5

0.5 |1

O [T T T b=t =~ {7 T T | | | [

@ B.1 02 0.5 T4 08 0.6 0.7 08 £9
z=W,_ /2F,

Due to angle-energy correlation high energy photons collide at smaller
spot size, providing monohromatization of yy collisions. This needs b/y>a..
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The optimum laser wavelength

The maximum energy of photons E X — 4an)o
fter the Compt tteri Crmax ~ "t
after the Compton scattering X +1 m-c

For x>4.8 the luminosity in the high energy lum. peak decreases due to e+e- pair
creation in collision of laser and high energy photons at the conversion point.
For the maximum collider energy E, the optimum laser wave length (x=4.8) is

) [um] = 4E,[TeV]

|

1 — =
dLW in the lum. peak

I dZ Lgeom ”””” h

(z= Wy/Ey) il

-
-
-
-

-
- .

-‘./
f’
-
-
-
—-
-

o -
- o
- o

A=1um for 2E,<500-600 GeV,

A=2 ym for 2E,<1.2 TeV
0.5 -

— A=1 pm
- — A=1.5 um
— =2 pm
dashed curves:
the same without yy—e’e" at the conv. point

0 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 500 1000 1500
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Laser flash energy

For e—y conversion one needs thickness (t) of laser target equal about one Compton
collision length (p=t/A.~1). The required flash energy is determined by 0., geometric
properties of laser and electron beams and by nonlinear effects in Compton scattering
described by parameter & = £F 1 _ 22 ik should be kept small (0.15-0.3),

mce o«
because @ = X —E, . 06 | A-eD-L, 324 1
X+1+& i L 0.3
L ILC e—— 0.2 |
It is reasonable to keep " 1 2E,2500 Gev
Ao o ~E/(x+1)<0.05 0.4 [A=1pm _ AL
then for x=4.8 £&2<0.3 03 | D
' % 75
For A=1 pm (2E,=500 GeV) the required flash 02 j
energy is about A~10 J and it increases for 5
larger A (or E;) due to the nonlinear effect. ™' | 7 :
It is determined by laser diffraction and g Csscsns B snrassuas: PETTITINY
geometric beam parameters at short A and by b = W 1 24 @3

nonlinear effects at large A (multiTeV collider). L
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Chirped pulse laser technique (D.Strickland, G.Mourou, 1985)

made photon colliders idea really feasible

Stretching-amplification-compression allows to avoid nonlinear effects (self-focusing)
during amplification and thus to increase laser a power by a factor of 1000! Tens
Joule pulses of ps duration became a reality.
A4
1~50 fm P

H \M M

input H b

; amplifiers

o 0 |
—V | A=V

T~1ns

output

P - polarizer film

M - mirror
M

Other technologies important for the photon collider: diode pumping, adaptive

optics, high reflective multilayer mirrors for high powers — all is available now.
24



Typical vy, ye luminosity spectra

simulation with account all important effect at CP and IP regions:
multiple Compton scattering in CP, beamstrahlung, coherent pair creation,
beam repulsion e.t.c.

ILC(500)
1 AR AR RARRE AR AR R AR R AL
09 f | dL _1 v 8= g E
08 b 92 Leggom s=1/2
i z
0.7 _; —
06 1 :
05 1 Luminosity spectra
04 Fi. 4 and their polarization
03 £ " 1 properties can be
02 £ . measured using QED
5 L. { processes
0.1 LT
: :.'. I a

0 . -
0 01 0.2 03 0.4 05 06 07 08 09 1
z=W/2E,

L, (z>0.8z;) ~0.1 L, . (geom)
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Luminosity spectra at ILC(1000) with A=2 ym

(red curves with restriction on longitudinal momentum of produced system)
ILC(1000) vy ILC(1000) vye

1 09}
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R=|w,~0,//0, -R
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""""" I'_-‘_- T ko T

d_LYe ] __________ %IQ :lt

W,/ 2E, z=W.,,/2E,

Such yy collider would be the best option for study of X(750)
(fake yy peak observed at LHC in 2015-2016)

O 01 02 03 04 05 06 07 0.8 09 Il OOI 0.1 0.2 03 04 0.5 06 07 08 09
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Factors limiting yy,ye luminosities

Main collision effe_cts at t_he IP: —. TEStA (ILC)

Yy ecoherent pair creation 0 10% N=2:10", 0,=0.3 mm, f=14.1 kHz-
vy, ve ebeamstrahlung £ ’
ve,ee  ebeam-beam repulsion S BN

o

()
Coherent pair creation: = 10% .
high energy photons convert to % o Le08n0m) NN ;2
e+e- pair on the field of the < o Lye(z>0.82,(re)) ’
opposing electron beam, it is the 5 o BT T\ 1
only collision effect limiting yy- 1093 3 400 .
luminosity, important for multi-TeV 10 107
colliders and short beams. o, , NM

At ILC 0,~200-300 pm (limited by emittance).
This figure shows that one order higher luminosity
is possible with smaller beam sizes.

For 2E<1 TeV the yy-luminosity is determined only by geometric e-e- luminosity,
which depends on beam emittances: Locl/./c &

nx<nx °

At present electron guns give the product of emittances several times larger than
with damping rings, further improvements (combining, cooling) of electron sources
(polarization is very desirable) are needed for photon colliders without damping 2ings.

yB>B, =m’c’/en=4.4-10"Tc
(Bg-none LBuHrepa)



Activity on photon colliders Gamma-gamma workshop
y on| Gammag NLC ' TESLA CDR

FEBRUARY 1, 1995, Vohume 285, Mo, 1 FIARDS 35501} 1-304 1905

citation of GKST 81-83 per one year S

Congeptual Design of a 500 GeV e*e
Linear Collider with Integrated |

60— NUcLEAR X-ray Laser Facility

50 INSTRUMENTS Volume 11

40— & METHODS

30 IN

20 PHYSICS

10 RESEARCH

3 ] 2 3 4 5 () .}' 8 9 l)U | 2 3 4 5 (3] 7 R L) (){) 1 2 Section A: accelerators, spectrometers, detectors

and associated equipment

Editors: Kai Siegbahn & Erik Karisson

(total number of publications is larger by a factor of 2)

P " s s Cobts
—= about 2 papers/week e D) Editors
R. Brinkmann
G. Materlik
North-Holland DESY 1997.048 ). Rosshach
ECFA 1997.182 A Wagner

. -4 ey
yratJlC PO P TESIATDR gy NLC PLC 2005

MeEsken- -

R HIGH ENERGY
ol PHOTON COLLIDERS TESLA b
Procesdngs of the __ intemationsl Workshop on ] : ) ; 5
CEST, Hamas Gl e 14-17,200 I.:::.g:;:::ci::g::.ﬂu::t:?“m Linear Collider its first hundrez ?egr(:rgnd the future

1t Callider an an Dption of JLC

X-Ray Laser Laboratory P h ys | cs
Technical Design Report :
- B Part Vi Appendices
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1L ENDOL . MATIUIADIL T CHICIAKL T TAKARASHL L IP0L T. KOW,
N MATIDA e T, TAKIINTA

Part 1l

Famm

R.D. Heuer
V. Telnov
NoJ. Walker
Resource Book
Vigh Eneray Accetarator Rassases Organization for Snowmass 2001
DESY 3001 - on + ECFA 2001 - 30 March
NORTH-HOLLAND TESLA Report 2001 - 33 = TESLA-FIL 3001 - 0§ 200 =

American Linear Collider Working Group

Photon colliders were suggested in 1981 and since ~1990 are considered

as a natural part of all linear collider projects.
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Photon colliders at ILC and CLIC



PLC at TESLA, 2001  seesesens-

LC DR ILC TDR Layout > f===

Part Vi Appendices

Damping Rings Polarised electron
, source _
| n Linac (RTML) e+ Mail
(including e e s 0
bunch compressors) -~ S e
il .’a //'/ _

C.M. Energy 500 GeV

E+ source

L=31 km Peak luminosity 1.8 x103% cm2s1

2E=500 GeV
Beam Rep. rate 5Hz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)

ILE Scheme | © www teem-coe de E gradient in SCRF 315 MV/m +/—20%

acc. cavity Q, = 1E10

2E=250-500 GeV, upgradable to 10003§ev



[L.C Site Candidate I ocation in Jdpan Kitakami Area

Establish a site-specific Civil Engineering Design - map the {S‘lte mdependent} TDR |
baseline onto the preferred site - E-ﬂlmmg “Kitakami” as a pri imary candi datp |

D TEEmE SRR 7
Japan is interested to host 3 e

4&1& Endorsed by LCC

-decision ~201877?7
-construction ~201977 (~10 years)
-physics ~2030777 Bovee g

Lt

Unfortunately in this scenario [sendaty
the photon collider is possible N A R
here only in 40 years P E—— . Vo %;uf,émmﬁlmi
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e

preparation  construction, operation, upgrade * * °

J1




Compact Linear Collider (CLIC)

326 klystrons
33 MW, 139 us

drve heam accelertor 2.38 Gell, 1.0 GHz 4 2 100A
Drive BelaTn delay loop | =
Generation Complex @

ot SO T TS F MMMW
A0S aDs
2.75 km P—
e main linac TA radius = 120 m e dnipoje "::"" Mradmn and

2.75 km|
TA radius = 120 M o~ main tinac, 12 Gz, 100 il m, 20.02 ke

circumferences

326 Mystrons
delay loop 72.4 m
CRI 144.8m | 1 | 33Mw139us
CR2 4343 m

drve beam accelerator 2.38 GeV, 1.0 GHz

km
delay loop

|
@ decelerator, 24 sectors of 876 m

G, ~ 100 MV/m

e (b

48.3km v

| booster linac, 9 GeV

CR  combiner ring

TA  lumarcund

DR damping ring

PDR predamping ring

BC  bunch compressor
BDS beam delivery system
IP interaction point

€~ injector, 2.4 GeV

e+e- 500 - 3000 GeV

e* injector, 2.4 GeV
et e*
DR PDR
365m J| 365 m

X-band accelerator technology

Ly

Main Beam
Generation Complex

4 Legend

w— CERN exi

Jura Mountains

2-beam acceleration

@~ 2.6x10°%

0.5 TeV: 8,300 MCHF (£ ~ 1.4%10%)

In best case construction can start in 2024-25777?; commissioning in ~2033777.
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Requirements for the ILC laser system

« Wavelength ~1 um (good for 2E<0.8 TeV)

« Time structure Act~100 m, 3000 bunch/train, 5 Hz
* Flash energy ~5-10 J

* Pulse dutation ~1-2 ps

If a laser pulse is used only once, the average required power is P~150
kW and the power inside one train is 30 MW! Fortunately, only 10-° part of
the laser photons is knocked out in one collision with the electron beam,
therefore the laser bunch can be used many times.

The best is the scheme with accumulation of very powerful laser
bunch is an external optical cavity. The pulse structure at ILC
(3000 bunches in the train with inter-pulse distance ~100 m) is very
good for such cavity. It allows to decrease the laser power by a factor of
100-300.
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Laser system

Ring cavity Telnov, 2000
(schematic view) 0.17. P~ 1kW
3 ps
T ~0.01
/ 5 YL:=100m Q~100 - HMH

~4000 pulses
): %3 Hz
Detector g)

N

12 m

The cavity includes adaptive mirrors and diagnostics. Optimum angular

divergence of the laser beam is £30 mrad, A=9 J (k=1), o,= 1.3 ps, 0, ~7 ym
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Recently new option has appeared, one pass laser system,

based on new laser ignition thermonuclear facility
Project LIFE, LLNL 16 Hz, 8.125 kJ/pulse, 130 kW aver. power

(the pulse can be split into the ILC train)

LIFE Box in NIF Laser Bay

The entire 10 beamline can be packaged into a box which
is 31 m® while providing 130 kW average power

Amplifier head

Preamplifier
module (PAM)

Pockels cell

Lawrence Livermore National Laboratory

A ACHLE

Laser diodes cost go down at mass production, that makes one pass laser
system for PLC at ILC and CLIC realistic!
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Laser system for CLIC
Requirements to a laser system for PLC at CLIC (500)

Laser wavelength ~ 1 ym (5 for 2E=3000 GeV)
Flash energy A~5 ], t~1 ps

Number of bunches in one train 354

Length of the train 177 ns=53 m

Distance between bunches 0.5 ns

Repetition rate 50 Hz

The train is too short for the optical cavity, so one pass laser should be used.
The average power of one laser is 90 kW (two lasers 180 kW).

One pass laser system, developed for LIFE (LLNL) is well suited for CLIC
photon collider at 2E=500 GeV.

MultiTeV CLIC needs lasers with longer wavelength: A=4E [TeV], um
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The discovery of the Higgs boson in 2012 has triggered
several proposal of photon collider Higgs factories (without
e+e-):

Photon collider Higgs factories
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vy Higgs factories appeared in 2012-2013 years

A0 MV e injector

GVl ) B (LGS, neta, 5 eryomodten 175 GV furt)
-GV linas.

..CERN

total circumference ~ 8 km

]

=5 FNAL
(125 Gav) \
ﬂ t 180 GeV)

tune-up dusmp

Figure 3 Sketch af a lagout for a vy collider based on recirculating superconducting linacs

the SAPPIRE concept J LAB S LAC

45 GeV, 1.5 km R
or 85 GeV, 3km

Final focii ~ 300 meters in length
Laser beam from fiber laser or FEL

Do OFE A im moffimimmt fare s mnllidae

« KEK (with e+e-)

lecjor gonice  pywhiu® wlecior
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Laser for HF1TT
Fiber Lasers -- Significant breakthrough

Gerard Mourou et al., “The future is fiber accelerators,”
@ Nature Photonics, vol 7, p.258 (April 2013).

PHIL SAUNDERS

ICAN — International Coherent i ‘ !

Amplification Network

Figure 2: Principle of a coherent amplifier network (CAN) based on fiber laser technology. An initial pulse from
a seed laser (1) is stretched (2), and split into many fibre channels (3). Each channel is amplified in several stages,
with the final stages producing pulses of ~1 mJ at a high repetition rate (4). All the channels are combined
coherently, compressed (5) and focused (6) to produce a pulse with an energy of >10 J at a repetition rate of 10

S 10 J, 10 kHz

Very good approach for equal spacing between bunches and problematic for cedlider
with bunch trains, such as ILC, CLIC, because need very high diode peak power.




Physics motivation for the photon collider at LC

(shortly, independent on a physics scenario)

In vy, ye collisions compared to e*e

the energy is smaller only by 10-20%
the number of interesting events is similar or even higher

access to higher particle masses (H,A in yy, charged and light
neutral SUSY in ye)

higher precision for some phenomena (I',,, CP-proper.)

[((H—yy) width can be measured with statistics = 60 times higher
than in e+e- collisions.

different types of reactions (different dependence on theoretical
parameters)

It is the unique case when linear colliders allow to study new physics in
several types of collisions at the cost of very small additional investments
Unfortunately, the physics in LC region is not so rich as expected,
by now LHC found only light Higgs boson.

40



Known physics, ILC stages

In e+e-

« 2E=250 GeV Higgs boson, Br(bb, cc, gg, 11, uu, invisible e*
[tot, Z tagging

. 350 top quark

. 500 ZHH —Higgs self coupling

500 and higher ttH - top Yukawa coupling

1000 and higher Beyond

In vy
I",, (H) is determited by contributions of all

charge particles (even with M>2E,), therefore this

process is most sensitive to new physics! AVaVanaV;
In yy collisions the I'(H—vyy) width can be measured with statistics
= 60 times higher than in e+e- collisions. This is the most important
argument for the photon collider .

However, e+e- beams are much better for Higgs study (due to Z tagging).

Therefore PLC has sense only in combination with e+e-: parallel work or
second stage.
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XUrrcosckun 6030H
AVAVAVAY

NN
CeyeHune o4yeHb YYBCTBUTEJIbHO K HOBbIM HaCTuULIAM B TMET/1E

dLo~~ AT’T
dW,:jg MZ’” (14 Mo+ CP % 1115¢082p) = Leeo
ee H

NHILeeX

0.98 - 107%° d Lo~
= (14 A P x l1lyc0os2
o Eg[GeV] diLe. (1 4+ A Ag + CP xlilacos2yp), cm

Ha oToHHOM Konnangepe TouHOCTb u3mepeHus I, (H) B ~8 pas Bhile,
4yeMm B e+e- (Npn ogHOM BpeMeHN Habopa CTaTUCTUKN)
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Some examples of Physics
Charged pair production in ete~ and ~~ collisions.

(S (scalars), F (fermions), W (W-bosons);

o= (ma?/M?) f(z), beams unpolarized)

0.14 0.7 Hwo foo moww

0.12 0.6

CeyeHunsa poxaeHus
napbl 3apsPKEHHbIX
yacTtuy B 5-10 pa3s
S BbllLEe, YEM B e+e-,

10 »  Apyrune guarpaMmmbl

0.1 0.5

0.08 0.4

0.06 | 1 0.3 [

0.04 0.2

\
0.1 ‘. el DY FF

- M W s o N @

0.02

0 ’ 0

Supersymmetry in yy Supersymmetry in ye

In supersymmetric model there are 5 Higgs bosons: At a ~e collider charged particles with masses

KO light, with my < 130 GeV higher than in ete— collisions at the same col-
lider can be produced (a heavy charged particle
plus a light neutral one, such as a new W' boson
and neutrino or supersymmetric charged particle
My = My, in ete~ collisions H and A are produced in pairs plus neutralino):

(for certain param. region), while in v+ as the single reso-

HO9, A° heavy Higgs bosons;

H*,H~- charged bosons.

mz— < 0.9 X 2Eg9 —m-o
nances, therefore: - Xi

&
Y :
in eTe~ collisions M4 ~ Eq (eTe™ — H + A) . e

in 4y collisions M4 ~ 1.6Eq (vy — H(A)) %

< 43
B yy,ye MoxHO poanTb YacTuubl Gonbluel Macchl, Yem B e+e-



Punsnyeckas MOTUBALINA YY Konnal‘/'mepa
(He3aBUCMMO OT Teopun)

In yy, Y€ CTONKHOBEHUSX MO CPaBHEHUIO C €7 e"

1. 2Heprusa HMxe Tonbko 10-20%
Y1CNO MHTEpeCHbIX COBLITUIN NPUMEPHO TaKOe Xe M AaXe Bbille
BO3MOXKHOCTb 3aperncTpnpoBaTh YacTuubl 60sblUen Macchl.
bonee BbiCOKass TOYHOCTb A1 HEKOTOPbIX MPOLECCOB.

o A WD

[pyrne peakuuun (apyrasi 3aBUCMMOCTb OT TEOP. NAapaMeTpoB)

OTO YHUKa/bHast BO3MOXHOCTb, Koraa oavH (NMHENHbIN) Konnanaep
MOXXET M3y4daTb DU3NKY HE TOJSIbKO B e*e” CTONIKHOBEHUSIX, HO ElLLE U

B YY, Y€ 3a coBCeM Hebonbluyto (B %) AOMONMHUTENbHYIO LEHY.

[ naBHOE, 4TODObLI ObiNla HoBast dunasnka B odnactn 100-2000 3B
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V. Telnov

A new proposal (2017)

The Photon collider based on European XFEL
with E,x17.5 GeV

(or other new FEL with E,=8 GeV with energy doubling)

for study yy physics in ¢, b quark energy
region W_=3-12 GeV

45



Linear colliders on 0.3-1.5 TeV energies are still not approved (due to
high cost and uncertain physics case), beside the photon collider based at
ILC (CLIC) can appear as the second stage in 3-4 decades, therefore it has

sense to consider a yy collider on the energy W =3-12 GeV
c-b-yy-factory
It is @ natural choice, because it is the region of b-quark bound states
(and there is nothing interesting between 12 and 125 GeV).
This energy region was studied in e*e collisions at B-factories and wiill
be further studied at SuperB-factory. However these e+e- factories can
not study yy collisions at W, =5-12 GeV (too low y*y* luminosity).

The LHC is not suited for detailed study of yy physics because there is
very large background due to strong interactions (such as pomeron-
pomeron interactions) with very similar final states.

Two real photons will produce resonance states with Q =0, C = +,
JP= 0+, 0, 2%, 2, 3+, 4%, 4, 5+ ... (even)?, (odd #1)*
as well as numerous 4-quark (or molecule) states similar to those observed in e+e-.

The required electron beam energy E,~17-23 GeV (for A=0.5 and 1 pm),

10 times smaller than at the ILC, the cost will be smaller accordingly.
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Scheme of the collider

There are several possible electron “drivers”
for c-b-yy-collider:

1) SC European 17.5 GeV XFEL (used

beams?)
2) Warm cavity linac (CLIC structure //W:Om
with klystrons) d
3) Plasma accelerator (dream) )

- T mm mm mm = mm = = Em = e = = e

LINAC XFEL
E=17.5 (8) GeV

(Linac not in scale) 47



European Superconducting XFEL has started operation in 2017. Its e-beam parameters:
E,=17.5 GeV, N=0.62'101° (1 nQ), 0,=25 pm, €,=1.4 mm mrad, f~30 kHz

Using arcs we can get the photon collider with f=15 kHz. Other parameters for yy
collider: B*=70 pm, 0,=70 ym, laser wavelength A=0.5 pm (parameter x~0.65).

Corresponding yy luminosity spectra (for b=y0y=1.8 mm)

Unpolarized electrons, P.=-1

1.2 e

08 [ i

1 ki

06 | i

04 f i

|_.ﬁ.-

¢ 0 01 02 03 04 05 06 07 08 09 1
z=W,/2E,

1.2

08 | :

Lyeom=1.610%3
(XFEL beams)

Polarized electrons, 2\ P.=-0.85
) Ay 2B,=235/6eV 1
W dz Lgeom L, ]
.......... L2 1
: R=lo,—0,/o,, J
06 [ i . > helicity=0 -
........... % helicity=2 ﬁ

04 f

0.2

red curves — with the |
cut on the longitudinal
momentum ]

0 'r'.".'_,|,.,.J.1..1.1I."r-|.‘_; APPE PR P TS P
0 01 02 03 04 05 06 07 08 09 1
z=W, /2E,

!

Leom=1.671034

geom
(with low emittance
plasma source)

W, peak at 12 GeV, covers all bb-meson region. Electron polarization is desirable,
but not mandatory (improvement <1.5 times). Easy to go to lower energies by

reducing the electron beam energy.
By increasing the CP-IP distance the luminosity spectrum can be made

more narrow and cleaner
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One example: Yy—1,. M=9.4 GeV

There was attempt to detect this process at LEP-2 (2E=200 GeV, L=1032, but only
upper limit was set.

N at, 47z2rw(1+uz)(ﬁj2t

dw M> C
. dL _2E
For yy collider —=»~ =0 _ ( 5, SO
dw L,
T (1+AA ?
N ~ ! f“ 2)(ﬁj (L.t)~8-107 L (L,t)
EM; C E,M . [GeV~]

For T'_ (17,)=0.5keV, E, =17.5 GeV, M(7,) =9.4 GeV, 4, =1,L,, =1.6-10" -1.6-10™,

> —ee

t=3-10"s weget N(n,) ~ 1.5°105— 1.5:106 and can measure its My
Production rate is higher than was at LEP-2 (in central region) ~ 700 - 7000 times!
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Parameters of photon collider for bb-energy region (W<12 GeV)

E, GeV 17.5 (23)
N/1010 0.62

f, KHz 15

O,, ym 70

€yl €ny MM Mrad 1.4/1.4
B,/B,, kM 70/70
0,/0,, Nm 53/53
laser A, ym (x=0.65) 0.5 (1)
laser flash energy, J 3 (£2=0.05)
f#, T, ps 27, 2
crossing angle, mrad ~30

b, (CP-IP dist.), mm 1.8

L., 103 1.6

L, (2>0.52,), 10 0.21

W_ (peak), GeV 12

1.2 1

0.8 |

04 f i/

02 I

Unpolarized electrons, P.=-1

0.6 - |

— 2 helicity=0
............. 2 helicity=2

L L L N L L L

2E,=35 GeV

R:‘ (Dl_(DZI/(DaV

red curves — same with
the cut on the longitudinal ]
momentum

0 R TS P T P P T T
0O 01 02 03 04 05 06 0.7 08 09 1

Z:WW/ZEO

In Table the XFEL emittance is assumed.
With promised plasma gun the luminosity

can be larger ~10 times.
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YY npouecchl BO BceneHHoN

[Mpober BbICOKOSHEPIMYHbLIX (POTOHOB 3a CYHET CTONKHOBEHUS C POTOHAMMU
PENNKTOBOrO NU3ny4vyeHuns (v ot 3ses3g u ap.)

Pasmep Bnanmon BeceneHHomn
104 Mpc

w
|

1 Mpc

log,, Distance (Mpc)

JlJIlJlll|JlJJlJlJIlillllJlJt]|lJ

N
III|III

_3||||||||||||-:|||||||||||
10 12 14 16 18 20 22

]
=

]og10 E (eV)

AHanNornyHbIn 3PdeKT Ha 3emMre;

Bpewms xun3Hn nydyka B e+e- konnangepe LEP(50-100 'aB)

onpegenaeTcss KOMNTOHOBCKMM pacCcedaHMEM 3fIEKTPOHOB Ha TensoBbix (black-
body) dotoHax (okono 20 yacos), oxxmnganochb 1~200 YacoB K3-3a paccesHUs Ha

octato4yHom rase). V.l. Telnov, 1987.
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Thank you!



