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yy-colliders

Gamma-gamma collisions have already long history.

Since 1970 two-photon processes were studied at e*e
storage rings in collisions of virtual (almost real) photons
(v*). In the case of resonance production in yy its c
charge parity C=+ (like ©,, H(125)), while in e+e- itis
C=- (like JAy,Y). So, physics is complementary.

The number of such photons per one electron is
rather small: dn ~0.035 dw/o, therefore L, <<L,,..

At future ete- linear colliders beams are
used only once which make possible

e—Y “conversion” using Compton back
scattering of laser light (1981). For

E,=250 GeV and A=1 pm (x=4.75) the ——=—— -2

max. energy E ~0.8E, / b

E="F, x~u%_jg| Lo [”m}
T ox+1 m’c TeV || A

The required flash energy for k=N,/N, ~0.65 is ~5-10 J and ps duratios

egectr n
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Scheme of ~~, ve collider
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The crossing angle at ILC for yy option should be >20-25 mrad (now 14 mrad),
do not forget to increase it (after the ILC approval)



Typical yy, 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.
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vy physics at high energy linear colliders

resonance Higgs production Any charge palrs productlon
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Unfortunately only H(125) is found at the LHC, but surprises are not excluded.
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Activity on photon colliders
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Photon colliders were suggested in 1981 and since ~1990 are considered

as a natural part of all linear collider projects.
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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, but people want
to do something interesting just now, during their life, they need some
facility for application of their technologies (accelerators, laser, plasma,etc).

It has sense to consider a yy collider on the energy W =3-12 GeV

c-b-yy-factory (V.Telnov, 2017)

It is a 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 will
be further studied at SuperB-factory. However ete- B-factories can not

- _ R
study yy collisions at W, =5-12 GeV (too low y*y* luminosity).

The LHC is not good for yy physics due to very large background (such
as pomeron-pomeron interactions) with very similar final states.

Two real photons will produce resonance states withQ =0, C = +,
JP= 0%, 0, 2+, 27, 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 ym),
10 times smaller than at the ILC, the cost will be smaller accordingly. s



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 ﬁom
with klystrons) <
3) Plasma accelerator (dream) j

- T - - - - - - -

LINAC XFEL
E=17.5 (8) GeV

(Linac not in scale) 9



Main (most expensive) part of the photon collider is
already in operation since 2017
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There is enough place left for the photon collider




European Superconducting XFEL has started operation in 2017. Its e-beam parameters:
E,=17.5 GeV, N=0.62'10° (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: *=70 um, 0,=70 um, laser wavelength A=0.5 pm (parameter x~0.65).

Corresponding yy luminosity spectra (for b=yg,=1.8 mm)
Unpolarized electrons, P.=-1 Polarized electrons, 2A.P.=-0.85
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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 12



One example: yy—1,.
There was attempt to detect this process at LEP-2 (2E=200 GeV, L=1032, but only

upper limit was set.
v dL, 47T (1+A4A)(hc)’

t~8-107% 77 Lt
dw,, (Mc?)? EM?[GeV?] (Ll)
| dL _2E,
where for yy collider - =0.5
aw L,

For T (7,)=0.5keV,E,=17.5GeV,M(7,)=9.4 GeV, 4,=1,L,=1.6-107,
t=10"s we gets N(n,) = 50000.

Production rate is higher than was at LEP-2 (in central region) ~ 700 times !

In order to have the same number of events (in central region) with W,,=10 GeV at
100 GeV ete" collider its luminosity should be about L., . ~10%> cms
or about 70 times higher that the geometric L., at the considered photon collider.

However Y7y collider has an additional advantage — polarization (linear and Circ%ar).



Linear polarization

Gamma beams have high degree of circular or linearly polarization at
maximum energies that allows to measure easily C and P-parity of
resonances (C=+)

cclxl l,cos2¢p  +for CP=%1

09 [ |y _ Varying the angle ¢ between linear

08 | =1 polarization planes one can distinguish

07 | : scalar and pseudo-scalar resonances

06 | 2 E or even to measure CP violation (if it

05 | / 3 exist, like in the Higgs).

0.4 F .

03 | / //48 For the considered collider the parameter

02 | / ¥ x~0.65 and the degree of linear polarization

0.1 f - { in the high energy part of spectrum is very
0k vl | high, about 85%.
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)”w/Eo
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Circular polarization

[ —

0.8 —>\7 P‘::_JI '2}{e='d,' 1 0.8 . . . .
06 | 1 os | The circular polarization in the
04 1 o4 high energy part of spectrum is

02 | x= 05/ 2/58/ 1 o2 |
: { o}
1-02 |
1-04 |

very high (x~0.65 for the
considered collider), one need a
circular polarized laser, longitu-
dinal electron polarization helps
only a little.

The cross section for scalar
resonances
o~1+A N,
while for light quark pairs
o~1-AA,

_1_ o T N AN TR NN N TR T A T [T T N N

0O 02 04 06 08 1 0 02 04 06 08 1
Y=/ Wmox Y=/ Wmex

Variable helicities is a powerful instrument in study of particle physics,
spin properties of cross sections, allows to enhance or suppress
processes.
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Parameters of photon collider for bb-energy region (W<12 GeV)

E,, GeV 17.5 (23)
N/1070 0.62

f, kHz 15

Oz, UM 70

Enx/ €y, MM mrad 1.4/1.4
B,/By, M 70/70
0,/0y, NM 53/53
laser A, um (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., 1033 1.6

L, (2>0.5z,,), 1033 0.21

W. (peak), GeV 12

1.2

0.8 |

0.6

04 f

02 I

Unpolarized electrons, P.=-1

dLW 1 2E =35 GeV
B dz Lgeom 0
.......... L2
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: YRR > helicity=2

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

0 Lt
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W, /2E,

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

can be larger ~10 times.
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vy luminosity spectra for p=b/yc =1

Unpolarized electrons, P.=-1
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XFEL uses unpolarized electron beams, for the photon collider
it is preferable to use polarized electron source
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wz/ Eo

Y2=

2D-luminosity spectra for various p
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Spectra are more monochromatic for larger p, but luminosity
decreases.

For search of resonances one needs maximum L and p=1 is OK.

For measurement of yy cross sections (with polarization) one should use

p~2-4 (more peaked spectra) and use for analyses events with invariant

masses W~(0.85-1)W_., where high degree of polarizations. 18
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vy luminosity spectra for various p, 2A,P.=-0.85
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Requirements for the laser system

Wavelength ~0.5-1 ym (1 um needs 30% high electron energy)
Flash energy ~3 J

Pulse duration ~2 pPS

Time structure same as electron linac

Act~100 m, 3000 bunch/train, 5 Hz

The ring external optical cavity can be used which can reduce the laser
power by a factor of 100-300 (or more?).

20



Laser system for ILC
Ring cavity

(schematic view) 011 Pl ieW
T ~0.01 ops
/ YL:=100m Q~100 ‘ Lrcer M337 0]

~4000 pulses
;: x 5 Hz
Detector %)

\</

12 m

The cavity includes adaptive mirrors and diagnostics. Optimum angular
divergence of the laser beam is +30 mrad, A=9 J (k=1), 0,= 1.3 ps, 0, ~7 um

For the considered ~10 GeV vy collider all is similar, only the wavelength is

2-3 times shorted, Compton cross section is larger, therefore the flash epergy
is smaller (A~3 J)
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4700

4500

4300

4100 +

Thresholds:

D D"

3900 15 o~

3700 +

3500

3300 +

3100

2900 L

TR

X(4660)

Ww(d415)

X(4360)
X(4260)

y(4160)

¥(4040)

N

(3770)
T %029

1+ - 0+ - 1+ - 2+ -

Fig. 2.1 The experimentally observed charmonium states. The states labelled X, the nature of
which is unknown, are not thought to be conventional charmonium states. Figure from Ref. [1]

Almost all charmonium states below DD threshold have been observed
experimentally, but there exotic X,Y,Z, X’ X"states, measurement of I',, can
help to understand their nature.

Note, vy collider can produce C+resonances with any J#1
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Mass (MeV) b b
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Fig.2.2 The experimentally observed and theoretically expected bottomonium states. Dashed lines
denote unobserved or unconfirmed states (an unconfirmed experimental candidate for the 75 (25)
state has been observed by the Belle experiment [6]). Figure from Ref. [1]

Many of these bottomonium states below BB threshold have been observed
experimentally, with exception of n,(3S), h,(3P) and most D-wave bottomonium.

Many exotics states are observed (4-quark, molecules ??)
23



Beside study of resonances one can measure for the first time yy
cross sections with polarized beams:

" :%(O-” +0,) :%(00 +0,)
1
4 —5(00 —0,)
1

= 5(0‘|| -0,)

The number of events
’ n 7 c 7 [
dN =dL_(do™ +A,A,dr +1 1 cos(2Ad)dr"),

All these cross sections can be measured at W<12 GeV
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For example, at LHC in photon-pomeron(P) collision C=— resonances are
produced which are forbidden in yy-collisions

P — Pomeron - multigluon state

> P,A

final states are quite similar to those in yy-collisions,
only wider transverse momentum distribution

So, LHC can’t compete in study of yy-processes with a clean yy-collider
with polarized (linearly and circularly) photon beams
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Conclusion

Photon collider has sense as a very cost effective addition for e+e- linear
collider. However perspectives of high energy LCs are unclear already
many decades, photon colliders are considered as the second stage, so
they can appear only in ~30-40 year.

It has sense to construct a smaller yy collider on the energy Wyy =12 GeV
(b,c regions). yy physics here is very rich.

Such vy collider will be a nice place for application of modern advanced
accelerator, laser and plasma technologies (linacs (SC, plasma-based), low-
emittance electron sources (incl. plasma), powerful laser systems, optical cavities).
It does not need positrons and damping rings. European XFEL (its linac) is

a perfect base for a such yy collider.

The optical system is identical to that needed for the PLC at ILC (only the
wavelength is shorter, 0.5 um instead of 1-2 ym), therefore such photon

collider can be considered as a precursor of yy collider at the ILC.
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