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Tlnax aoxknaaa

NuHenHbIu konnaupep CLIC. PeanbHbie
(POTOHBI, CreHepupoBaHHbIe NyTem obpaTtHOro
KOMMNTOHOBCKOrO paccesHus fasepHLIX (POTOHOB
Ha NONAPU3OBAHHLIX MYYKAX 351EKTPOHOB.

dPpPeKTmuBHLIU JlarpaHxmaH u aHomanbHbIe
KanMbpoBOUHbIEe KOHCTAHTLI ANA BeplUHLL YYYZ.

AuppepeHumanbHeIe U NONHbIe ceyYeHus Ans
npouecca yy->yYZ ¢ nonspusoBaHHLIMU
HAYANbHLIMU (POTOHAMMU.

O6nactu 3Ha4YeHUU QHOMANbHBLIX KOHCTAHT,
KOTOpbIe MOryT 6bITb UCKMFOYeHbI Ha CLIC.

CpasHeHue C pe3ynibTaTamu, NOoNyvYeHHLIMU ANS
APYrUx KONnamaepos.
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vZ production in light-by-light
(LBL) scattering

9 v

Y Z

Diagram for process yy = yZ

The goal is to examine anomalous quartic gauge
couplings (QGCs) via reaction yy — yZ at the CLIC
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Compact LInear Collider (CLIC)

Beam energy Integrated luminosity
(unpolarized beams)

1st stage 190 GeV 1000 fb-!
2nd stage 750 GeV 2500 fb-1
3rd stage 1500 GeV 5000 fb-!
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A, is helicity of laser photon beam, and
A.is helicity of electron beam before
Compton backscattering (CB)

D, A 2@ A2) = (0.8,1;0.8,1) ,
D, A 2@ A2y — (—0.8,1; -0.8,1)

CLIC energy stages and integrated luminosities
for unpolarized and polarized electron beams

I, fh?
Stage | /s, GeV || A\ = e =—0.8 [ A\e = 0.8
2 1500 2500 2000 500
3 3000 5000 4000 1000
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Differential cross section

dO' ‘B Tmaxdxl -73maxda72
dcosf  1287s / T Fyre(z1) / 5 Fy/e(2)
L1 min T2 min
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f,/e(x) - distribution of CB photon

in energy fraction x=E /E
s B=1-m,/s
§(E,,Ao) - photon helicity
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M(1=2r)1—2+1/(1 —2)] + AerC[1 + (1 — z)(1 — 2r)?]

S o) = T —2) — & — 1) = AdorC(@r — )@ —2)

where z = E,/E., r = z/{(1 — z), ( = 4E.Ey/m?, m. being the electron
mass.

1 4 4.’1,'2
Fre@) = |l o B

+ Aoder((1 — 2r)(2 — x)] |

where

9(€) = g1(¢) + AoAe 92(C) ,
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Effective Lagrangian

Effective Lagrangian of dimension-8 operators which
contribute to anomalous quartic neutral gauge couplings

Lonce = FB »B” B, B" + /‘\iw WePrW?E, W 4 j\lgwa WP, W

C11 a auy C13 ov : Cl4 117a aovTIS
+ 17 Boo B Wi, W + —2 B BT B, B + W W W, W

S W e § SR, B e

==mm) Effective Lagrangian for anomalous yyyZ couplings

Anomalous couplings g,, g8, have dimension -4

Cemunap OT®, 12 okrs0ps 2021 r. 8




Another effective Lagrangian for
anomalous yyyZ couplings

Lz =61(Fu JF* NFuZ?) +65(F, FHF i 277)

(Baldenegro et al., JHEP 06, 142 (2017))

=s===) Relations between two sets
of coupling constants

01 =8(52 —c1), 92 =8c
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Feynman rule for the vertex yyyZ

Pt =P{gi[(p1 - p2)(p2 - p3)g" g"* — (p1 - p3)Paopi g™

— (p1 - p3)P{P5 9" + Php Pips]

+ go[—(p1 - p2)(P1 - p3)9"“g"" + (p2 - p3)PiPT 9"

— (p2 - p3)PiPLg"" + (p2 - p3)PIP5 9" + 2(p2 - p3)Phpig

— (p1 - p3)PhpS g™ + Py vhpT]}

P o

P - permutations (symmetrization with respect
to photon’s momenta and indices)

My azaans (P1: P2, P3) = Puvpa(P1, 12, p3) €5 (P1)€)2 (p2)<

*\3
p

(p3)ei (pa)

24 helicity amplitudes proportional to g,

)
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Differential and total cross sections

Electron beam helicities:

A, = 0.8, -0.8, and 0 (unpolarized case)

Cuts on the invariant mass and
rapidities of final photons:

m,, >200GeV, |n|<2.5

SM amplitude:

M,, (W-loop, dominates at Vs > 200 GeV)
+ M (fermion-loop) contributions
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Vs = 100GV, A = OB Ag=1 Vs = 1500 GV, A == 0.8 Ay=1 Vs = 1500 GeV. urgolazad

Tad: g =1x10 “GW 4 g0 Total:g, = 12207 GeV ¢, g, =0 Tomd: g, =1x10 ¥ GeV 4 g <0

Totd g =0,g,=1%107" Gev-* Total:g,« Qg =lx10 " Gov ¢ Toki:g,=0,9,=1x10"* qav ~*
== = aomdy:g,=1x10"" Gev !, g, =0 = = = feomdy;g,=1x10"" GV "4, g, =0 = = = rearaly:g-1x10" Qv "4 g, =0
= = = Aromdy:g,=0g,~Ix10 % Gev ! ~ = = fomdy:g, =0,9,=1x10"7 GeV - = = = rearaly:g,=0,g9,~1x10"aw ¢

sM M —

1(’s'l'l'l'l'l I S R ST N R SR R
400 600 800 1000 1200 400 600 800 1000 1200 400 600 800 1000 1200
m,, (GeV) m,, (GeV) m_; (GeV)

Differential cross sections for the process yy = yZ as
functions of invariant mass of outgoing photons at Vs =
1.5 TeV. The left, middle and right panels correspond to

A.=0.8,-0.8, 0. The curves are (from top downwards):
full, pure anomaly, SM cross sections.
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10’
10°

do/dm , (fb/GeV)
)
e

104
10
108
Ve =3000GAN, A = 0B, A,=1 Vs = D00 GV, A, = - 0B, i,~1 Vs = 3000 GeV,  ungolarized
10-7 Tad:-g =1x10 " G 0.9“_0 Tomi: g, =1 xl0 " Gev ‘_Q-O Taai:g,~1x10 “Gev, 9 -0
8 Tad g «0,g,« =0 Gov Tomi;g, =0 g, ~Ix10" Gev~! Toaiig,=0Q g, =ix10™ G ~*
10 = = = Ammdy:g,=1x10"" GeV !, g, =0 T T T feomaly:g =ixl0P AW Y g =0 T T T heomdyig =1x10" GeV Y, g, =0
10-9 = = = Aromdy;g,=0g,=1x10" Gev-! = = = feomaly:g,=0,g,=1x10"" G ¢ = = = leomdy:g,~0,g,~1x10 " Qv !
sM — M
-10
10 L ' L) ' Ll ' Ll l Al ' L) ' L l v I L) l L) l Ll ' v '
600 1200 1800 2400 600 1200 1800 2400 600 1200 1800 2400
m_,(GeV) m,,(GeV) m,,(GeV)

The same as in the previous figure,
but for collision energy 3.0 TeV.
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10°
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)
o 10
10°
V3= 1500 GeV, ) =« 08, ), =1 V5 = 1800GN, i, =~ 08, Ao~ S = 150GV, wpdated
10-1 Toal:g =120 2 GeV-4 g =0 Tomi:g, =1x10"" Gev 4, g =0 ) Tomi:g, =Ix10"* GV ™!, g.=0
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10 = = = Arcmdy:g,=0Qg;~1x10""Gev ! = = = foomaly: g =0,g,~1x107" G ¢ = = = fovaly:g,=0,9,=1x10"7Gav !
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104 v ' Ll ' v l L} ‘ v l v I L) l v ' Ll ' v ' v l Ll ] v ' Ll ' Ll l
400 600 800 1000 1200 400 600 800 1000 1200 400 600 800 1000 1200
Mz mn (GeV) M.z min (GEV) M7 mn (GeV)

Total cross sections for the process yy - vZ as functions
of minimal invariant mass of outgoing photons at vs = 1.5
TeV. The left, middle and right panels correspond to A =
0.8, -0.8, 0. The curves are (from top downwards): full,
pure anomaly, SM cross sections.
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The same as in the previous figure,
but for the collision energy 3.0 TeV.
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Exclusion significance (6 = percentage systematic error)

b b 1/2
Sexdzx/f{s—bln( +2‘°’b+xj L In( ‘S+Xj—(b+s—x)(1+iﬂ

52 2b 5%

s (b) = number of signal (background) events

x = /(5 +b)? — 45252 I(L+ 5%b)
In the limit 6 = 0:

. s<<b S
Sl = 2|:S —Dbl n(1+ Ej} ) Sexcl = E

Sy S 1.645 is the region that
can be excluded at 95% C.L.
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1.x1013F

5.x10"4F

g2(GeV*)

-5.x10-14}

“1.x10713} . N -
-1.x107"3 -5.x107"4 0 5.x10~'4 1.x10-"?
g1(Gev™")

95% C.L. exclusion region for anomalous couplings g,, 8,
for unpolarized LBL scattering at the CLIC. Systematic
errors are 0%, 5%, and 10%. The collision energy is 1.5

TeV, the integrated luminosity is 2.5 ab!.
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The same as in the previous figure, but for the collision
energy 3.0 TeV and integrated luminosity 5 ab-1.
Couplings g,, g, are in GeV-4.
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Exclusion limits on anomalous couplings at the CLIC
for energy 3.0 TeV, and cut m ; > 1000 GeV.

Polarized case
. 0 —0.8 0.8
E b 5000 4000 1000
4| 0=0% [598x 10715 7.14 x 1077 [(5.13 x 10~
3}, GEY d=5% |133%107"* | 1.73% 107" | 7.79x 10~
(g2 =0) 6=10% | 1.85 x 1071* | 2.39 x 107* | 1.04 x 10~*
4| 6=0% |[518x107°[6.62x 107" [(5.19 x 10~
)5 eV 6 =>5% |1.16 % 10~ | 1.60 % 1071 | 7.87 %1015
(91 =0) 8 =10% | 162 x 18- | 2.21 % 107 | 1.05:x 104
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Bounds on anomalous couplings
for the LHC and HL-LHC

SM expectation: Br(Z - yyy) = 5.41*1010

Br(Z - yyy ) < 0.8*%10 (LEP)
Br(Z - yyy ) < 2.2*10°6 (ATLAS)

= |G| <1.3 1.0%¥10° GeV+*

Fromyy - yZ at LHC:

LHC, L=300 fb1: HL-LHC, L=3 ab’!:
1G] <1.0%103GeV* |G| < 7.8%10°4 GeV
(Baldenegro et al., JHEP 06, 142 (2017))

Recall that g, = 8C;
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3axknoueHue

N3yyeHbI aHOManbHbIe KOHCTAHTHI ANS BepliUHLI
YYYZ B paccesHUU peasibHbLIX (POTOHOB,
NonyveHHbIX B 06paTHOM KOMNTOHOBCKOM
paccesHUM nasepHbIX (POTOHOB HA
NONAPU3OBAHHLIX 3MEKTPOHHLIX ny4ykax Ha CLIC.

BrruucneHsr augpgepeHumanbHbie U NOJHbIE
cevyeHUs Ana npouecca yy->yZ.

TTonyyeHsr 06nacTu 3sHa4YeHUU AQHOMASIbHBIX
KOHCTAHT, KOTOpbIE MOryT 6bITb UCKNHOYEHLI B
(POTOH-(POTOHHOM paccesHuu Ha CLIC.

TTokasaHo, 4YTO orpaHuveHua CLIC Ha oauvH-ABa
nopsaaka Xecrtye, Yem aHANONUYHbBIE OrpaHUYeHus,
nonydveHHsre ans LHC w HL-LHC.
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Cnacunb6bo 3a BHUmMaHue!

Cemunap OT®, 12 oxkrsiOps 2021 .
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[Topa 3a paboTty!
The Isolator

By HUGO GERNSBACK

MEMBER AMERICAN PHYSICAL SOCIETY

Mpudop 0As cocpedomoueHus

T — a3 e = —

The author at work in his private study aided by the Isolator. Outside noises being eliminated,
the worker can concentrate with ease upon the subject at hand.
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Back-up slides
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New physics contributions to yyyZ couplings

New charged particles via loops

gi ~ Q4 m-4

Example: top partner
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Discovery significance (6 = percentage systematic error)

1/2
Sdis_\/§|:(S+b)|n((s+b)(1+52b)]—iln[l+ 528 J:l

b+8%b(s+b) | &2 1+ 5%b

Inthelimité=0

s<<b S
Sdisz\/Z{(s+b)ln(l+%]—s} L Swm

Sg4is 2 5 as discovery region
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