MccnenosaHMe aHOMANbHOIO
YeTbIPEX-6030HHOrO
B3aMMOAENCTBUA Ha

Konnanaepe CLIC



MynbTM6030HHbIE BEPLUUNHDI

e CtraHaapTHaa Moaenb — 310 Heabenesa
Teopua, BKAOYAtOLWaa camoaencrTeme
NPOMEXYTOYHbIX 6030HOB. JlarpaHXunaH CM
BK/1tOYaeT BepLIUHbI:

— 3-6030HHbIe BepwnHbl WWZ, WWy
— 4-6030HHbIe WWWW, WWZZ, WWZy, WWyy
e MHorune Teopumn (Hanp. BESS) npeackasbiBatoT

HOBYIO GU3UKY B 4-6030HHbIX BEPLUMHAX, B TO
Bpemsa Kak 3-6030HHble coBnaaatot co CM



BepwunHa WWyy Ha Konnangepax

INEeKTPOH-NO3UTPOHHbDIE AApOHHbIe Konnanaepbl
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Pacnag Ha WWy nogasreH no
CPaBHEHMIO C 2-4aCTUYHbIMN
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[lpepnoXxeHue

* [lpepnaraetca Usydatb
BepwmnHy WWyy Ha
kKonnanaepe CLIC yepes
paHee He
MccnenoBaBLUYIOCA
avarpammy vy - WW




Konnanaep CLIC

:; Legend

=mm= CERN existing LHC

Potential underground siting :

CLIC 380 Gev
CLIC1.5TeV
CLIC 3 TeV

Jura'Mountains
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[TapameTpbl CLIC

e JHeprma e*e’ CTONKHOBEHUMN:
380 —-1400-3000 =B

 /lHTerpasbHaA CBETUMMOCTb NPU ITUX IHEPrUaX:
500 — 1500 — 3000 ¢6+

e MrHOBEeHHas cBeTUMOCTb: 6x1034



AnbTepHaTUBHbIE NPOEKTHI
e*e” Konnamngepos
CEPC: 70 km, 250 GeV, Higgs physics
FCC: 100 km, 350 GeV, Higgs + Top

ILC: 30 km, 500-1000 GeV, Higgs, Top, discoveries
CLIC: 50 km, 3000 GeV, Higgs, Top, discoveries



CtonkHoBeHUa ¢oTtoHoB Ha CLIC

[Tpn makcumanbHbIX aHeprnax CLIC
3Ha4yMTeNbHaA (NopAAKa NONOBUHbI) YAaCTb
MYYKOBbIX YacTUL, n3ny4aeT GOTOH Nepen TOYKOM
CTONNKHOBEHMUA

3T GOTOHbI CTA/IKMBAOTCA, CO3/1aBas
3HaunTenbHbIN “pile-up” yepes peakuuto vy - qq

OAHaKO CTOZIKHOBEHUA ECTKNX GOTOHOB MOXKHO
MCNO/1Ib30BaTb ANA NOMCKA HOBOU PU3UKMU



Energy spectrum of colliding photons

CLIC is not only a lepton collider =

f(Ecms) L L S S I B S S B B S B N AN SN

-1t lepton collision
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For 3 TeV beams:

. LeV/ L.~ 0.78

. va/ L.~ 0.68

. va/ L., ~0.27 for E, >2M,

GUINEA-PIG simulation —s



Process yy — WW

- Cross section in photonic collisions is much higher than in leptonic
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Possible physics in yy — WW

- Anomalous quartic gauge boson couplings (AQGC) in AAWW-vertex:

Effective field theories can be constructed to quantify

potential deviations from the SM by introducing Standard model
genuine AQGC /
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AQGC: scale factor
- Standard AQGC notation leads to violation of unitarity

- additional form-factor is introduced:

W 2 ”EJMC
‘IU,C(WTT) = ;,Vz Tk
()

AZ

cutoff

- Ao 1S traditionally set to 500GeV

Latest measurements:
CMS

JHEP 1608 (2016) 119

ATLAS:

Phys.Rev.Lett. 115 (2015) no.3, 031802
CERN-EP-2016-167

LEP-2:
Eur.Phys.J. C20 (2001) 201-215
Phys.Rev. D70 (2004) 032005

PDG review:
pdg.lbl.gov/2016/reviews/rpp2016-rev-wz-quartic-couplings.pdf




How to select yyWW-vertex events
 WW hadronic decays

rate: ~47%

* included into yy —hadrons study,
* hard to separate yyWW vertex
* huge background

 WW semileptonic decays

rate: ~7% per mode {e*+jets}, {e"+jets}, {u"+jets}, {u tjets}
* two jets withm. ~M,,
» single lepton along opposite charged beam

[ ]
Emiss

 high background

 WW leptonic decays
rate: ~1% per pair of {e*e}, {e*u}, {uTe}, {uTu}
» two non-collinear leptons (incl. different flavour case)

* no other particles in final state
e E .

missS

No significant background in ey™ and e*u channels!




cross section, pb
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WW-decay: WW—eevv, vs. WW—elvey,

cms?

Cross sections (pb) for
YY = WW —eev, v, euv.v, Ve
YY —TT — eev,V,, epv,Vv,, ee — 11— eevV,V,, epv,Vv,
YY — ee ee — ee

Cuts: Cuts:
e,M polar angle cut 10° e,M polar angle cut 10°

Cross sections (pb) for

Conclusion:
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cross section, pb
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YY — eM and background processes
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vy _>WW_>eH ) Cross sections (pb) * BR for
ee—>11->ep Yy,ee —> WW —epv,v,

YY .ee — 1T — elv,V,

s N ——————————————— ] solid lines:
i e : e,M polar angle cut 10°

dashed lines:
e,M polar angle cut 20°

Signal process (SM): blue lines

We expect significant amount of signal events



VY — el and background processes
Next we apply beam spectrum:

: Yy —>WH->ep
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YY — eM and background processes

M;,,(eM) variable

yy >WW >eu—
YY —>TT —>el
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Pt(eM) variable
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Clear signal events separation



N events / 1ab?

CLIC vs. LHC

Compare events number to latest CMS results:
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» Energy scale similar to LHC study

» Signal events ~10*times more
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3 TeV vs. 380 GeV

N events / 1ab! N events / 500 fb1
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3 TeV vs. 380 GeV

lepton collision
spectrum

photon collision

spectrum
| M B B SRR R
1 2
TeV

Collision 350GeV 05TeV 14TeV 3TeV

ee Leo/Lee 1.0 1.0 1.0 1.0

eg Leg/Lee 0.45 0.50 0.75 0.79

ge Lge/Lee 0.45 050 075 0.79

99 Lggflee _ 0.23 0.31 0.64  0.69 >




Conclusions

» The background photon collisions may be used for search of new physics yyww
couplings.

* The WW decay into leptons with different flavour looks promising.

» The process yy— WW —euv.V, provides a clear test for anomalous quartic
gauge boson couplings:

* low background
» basic background from tau-lepton decays

* high event number (~104 factor to current to LHC data)
= significant increase is expected for previous AQGC limits

*The super-high CLIC energy is required to study this process. Energy of CEPC
(250 GeV), FCC (380 GeV) and ILC (500 GeV) are insufficient!



