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Plan of the presentation

 BSM physics — motivation for study

* Higgs pair production

e X-dim models: Randall-Sundrum scenario

 R-S model phenomenology

* Progress achieved, tools and prospects (ToDo)

e Scalar potential

 RGE’s study; “dummy method”, prospects (ToDo)

e Summary
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Motivation to search for a new physics (BSM)

The Standard Model of particle physics Standard Model of Elementary Particles
classifies all known elementary particles e
and describes electromagnetic interaction - o @ | toz | g_% Hi:;s

weak interaction ) e e
12 d 12 S 12 b 1 ,p
Strong |nte raCtlon down strange bottom y photon
"ofo ol ®
g electron muon tau Z boson
but not x gravity (including the hierarchy problem) v e rrr ~r
r:'z Vi ‘x)z V]J ?1 Vi |1 9
X dark matter and dark energy gge;;fgg mwon || tau ngn

X neutrino oscillations
etc.

||» the SM is only the low-energy Ilimit of some more
fundamental high-scale theory

l.e. the modern task — is the search for the Extensions of the SM
(BSM physics / New physics)

03.04.2018 Kseniia Svirina 3



Higgs pair production — a process of a particular interest

In the SM, the scalar sector takes a minimal form:
— asingle Higgs doublet field,
— the tri-linear Higgs coupling A4, is related to the Higgs mass and

vacuum expectation value in a specific way.

Any deviation in A5, would signal new physics beyond the SM.

2 1 .. [n e
V, =w’HH +n(HH) = Zmh’+ [Amh’ + 2h : :
(M2 =2nV¢, V5i=-p’/m, V,=246GeV) xggﬂz\fgmh 5

Experimental verification
of this relation is needed!

The key process for testing A5, — is the Higgs pair production

l[ II
3 In extended scalar sector:

) presence of another scalar
N particle can cause a
) deviation in g,
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Stabilized Randall-Sundrum Model

= Brane world model (2 branes: TeV and Planck) = Solution of the hierarchy problem

= 1 extra dimension (5D) = Additional light scalar particle (radion)
= SM is localized on the TeV brane

» Gravitation and a real scalar (stabilizing) field

propagate in the “bulk”

5d space-time brane 1 brane 2 ) -wee
iy od TN .
M=012234 g:;:.;g gravitational fifald S -

= 0,18.3 real(facdailgrr] )fleld - V¢ are here

X 4 w S ~1017-10%8cm Td
< L . b “bulk’ V=l

Solution of the hierarchy problem: 4 a0 ’
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Radion phenomenongy

The radion interaction with the SM fields:

r(x) I (X) - the radion field,
L = —A—TMM Ar— dimensional scale parameter,
- TluILL - the trace of the energy-momentum tensor of the SM

B(gs) c B(e) o 3i iz — — h
TH“ :—zgs GpGGp +2—eFPGFp +Z[E((D“f)yuf = f’y“(Duf))+4mf ff [1'*‘ g]:l

3 2
(o)) 2| 1o 8| ~(ampww e miz'z ) 100

Radion-Higgs similarity:
(Phys. Rev. D 90, 095026 (2014), Phys.Rev. D94 no.2, 024047 (2016))

Single ff ->rv,..Vy, < ff 5hV..V, wwm-om ad A >V,

production

Associated gg — rh gg — hh upto M. —>M,, A >V,

production m2 — m?2
c 73 and A — |14 — h[AM
ff ->rh..h\V,..V,, < ff ->hh..h\V.\V, 3 3mz )

The radion contribution can mimic the
deviation in the trilinear Higgs coulping



Higgs-radion mixing

ro A B r radion-dominated state
hO C D h Higgs-dominated state
unphysical physical

scalars scalars
(mass eigenstate basis)

where the coefficients are given by

Azicose, Bz—lsine, C=sine+%cose, D=cos€)—%sin6
Z Z Z Z

. V
with Z? =1+6&y*(1-68), y=-—2
Ad)
and the mixing angle @ defined by

12§yZmﬁo

tan 20 =
mZ —mZ (2% —36&%?)




RS model with FeynRules package

- FeynRules -

FeynRules is a Mathematica-based package: version: 2.3.20 (@6 301y 2017:.
|mp|ementatlon of part|C|e phyS|CS mOde|S Authors: A. Alloul, N. Christensen, C. Degrande, C. Duhr, B. Fuks
into high-energy physics tools. Please cite:

- Comput.Phys.Commun.185:2250-2300,2014 (arXiv:1310.1921);
- Comput.Phys.Commun.180:1614-1641,2009 (arXiv:0806.4194).

It calculates the underlying Feynman rules and outputs them to a form appropriate
for various programs (CalcHep, FeynArts, MadGraph, Sherpa and Whizard)

The model file: description of fields, symmetries, parameters and Lagrangians

(i LR RS2 Flelda ok k R i}
SetDirectory[$FeynRu1esPath ot /I-‘.odels/RS"];

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

MgClassesDescription = {

dMod "SM.fr", " i i My .3.4.Fr" . . .
s el ["SM.fr", "Radion_Higgs_Model_vi.3 fr'] (* Higgs and radion: unphysical scalars *)

Merging model-files... S[éi«]as:;ame -> Phi O O
This model implementation was created by Unphysical -> True, HO — 1 RN 1
= Indices -> {Index[SU2D]}, _( )
K. Svirina S e —> SU2D, > (VO + hO) > VO P (C r+D h)
I. Schienbein SelfConjugate -> False, N N
g Fiiks QuantumNumbers -> {Y -> 1/2},
: Definitions -> { Phi[1]->0, Phi[2]->(vev + (Sin[th] + 6
Model Version: 1.3.4 gam xi/ZZ Cos[th]) R + (Cos[th] - 6 gam xi/ZZ Sin(th])
H)/Sqre(2] }
}
The RS model is implemented in the -
FeynRules, automated calculation of ClassNeme  -> RO, L=Ar+Bh
Unphysical -> True,
1 1 SelfConjugate -> False,
the Feynman rules is achieved (V' Definitions -> { RO -> ( 1/2Z Cos[th]) R - (1/2Z Sin[th])
H }

}e
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RS model with FeynRules package

Outlook

1. Implementation of the model (creation of a new model file) @

2. Verification of the results (examples from the literature) @

3. Collider phenomenology study: to interface the model file with MadGraph

and to get the observables 2

Y N

to study the hh, rh, rr to study the Higgs coupling
production (ioop level) modifications
III,Il =3 TeV, Ay =3 (red), 5 (blue) TeV
T S
N ~ 0
: 10k N - -= 0.15 -
- ~ e S o TS —_ .3
S U et e
mg [GeV]
03.04.2018
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Examples

h gmy

- _'——

2my

(# Vertices calculationx)

FRul = FeynmanRules[L, SelectParticles » {{H, tbar, t}, {R, tbar, t}}]

Starting Feynman rule calculation.
Expanding the Lagrangian...

2 vertices obtained.

e s iMTCOS[O)] Sny m Bsy,5

o -
L""ff — A—'.-" meff+LYukawa

(d+yb)

3iV2 Y& (y")3,3C05(0) bay 0 Pusy, s

‘-‘_‘_‘_t: 1.': t, 2}, (R, 3:'-': ra 22

i :YU\ .'3 5n1,mz P-s1,sz Sin i)

3i V2 Y£COS[0] Snymp Pusy,sz ¥'s,3

Z

V2

- v 4 (y*)3,3CoS[0] Say,m Posy,en

z

V2

1 MT Sgy mp 83,5, SN(O]

144%, 1}, {t, 2}, {H, 3}}, - e
ol : V2

3iv2 y¢ (y*)3,3 Omy,mp P-3y,3, Sin (8] 1C0oS[8] Omy,m Pusy,sp Y33 31 V2 Y € Smy,my Pusy,sp SIN(S] y¥s5 5,

M ZZ

1 8my,m Posy,sp SIN[S] %5 5,

»

2

Interaction with fermions

>

2z

V2

744

Comparison with D.Dominici et al. / Nuclear Physics B 671 (2003) 243—-292
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RS model with FeynRules package

7
(%# Htt vertex x)
DomiHtt = -I/2gMT /MW (d + gamb)

ig(d=by)MT
2My

DomiHtt =
DomiHtt //. repl //.rep2 //.rep3 //.
rep4 //. rep5 //. repl // Simplify

iMTCos(8] iMT (-1:6¢) Sin[8]

f

vev f

2
2 f 6 vev
Np (1=

1-6¢) €
A 22
v R

ResHtt - DomiHtt // Simplify

o
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Examples RS model with FeynRules package

Interaction with massive gauge bosons

Lovy = % [—2md, WiWH™ —m%2,2"] +|D, @

Z, Z, 1
h O
g i (d 4 ybyy i:: iZZ (c +yayp*
‘w ‘w
Z, v Z. v
W, W,
h _ - o ’
e igmy(d +yb)y “ee- igmy (c+ ya)n™'
W, v W. v

FRul = FeynmanRules[L, SelectParticles » {{H, Z, Z}, {R, Z, Z}, {H, W, Wbar}, {R, W, Wbar}}]
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Examples RS model with FeynRules package

Anomalous interaction

the QCD trace anomaly the effective contribution of 1-loop diagrams

(b, =7) virtualiStmions E (1,)=-2t, [17(U8E8) f (v, ) | S,

ro ro  ho ; aEM y
Ly = [—A—T(b2+bY) - (_A_r ?) (FI(TW)‘FZE?NCFUQ(%‘))] o Fwd”

)

the QED trace anomaly the effective contribution of 1-loop diagrams with virtual fermions and virtual
(b2 =19/6,b, = —4]/6) W-bosons in the loop F(t,)=2+3t, +31,2—1,) f(1,)

g, |, a

. o
zcga"”[kl -kont’ — k}’kf] :Cg = —ﬁ[gfv ZFI/Z(Ti) - 2b3gr]
i

g, v, b
Ny
o

icy [kl - kont? —krkél] ey = —m[gfv Ze,-zN(’:Fi(Ti) — (b2 +bY)gr]
i

Y,V
FRul = FeynmanRules [ExLanomG, SelectParticles - {{H, G, G}, {R, G, G} }]

FRull = FeynmanRules [ExLanomA, SelectParticles » {{H, A, A}, {R, A, A}}]
03.04.2018 Kseniia Svirina 12



Examples

2
L3-V(Hy = —l(HJHg — lvz) =

Higgs potential

e
~ -

RS model with FeynRules package

Scalar interaction

Po Po
L> —A—¢T; (ho) = —A—'ﬁ(—ﬂphﬂﬂphu + 4av§hg).

20 4

1
_1(1;5.-‘:% + vohj + —hg)*

Interaction with the trace o

stress tens

i&hhn = A'—¢[bdl[12by€ +d(6§ + D] (k7 +k3 +k3) — 12dm}, }

- 3y"¢13m,2,o - 3X3b3mio]

i8opp = A'—d,[ac'l[lZuy& + c(6¢ + I)](k% +k?2_ +k§) — IZcmiol

— 3)/"('3111,2,0 - 3X3a3mio]
o . i
o iEsen= z[[&:&(y(ud +be) +cd) + b3 ) (k2 +k2)
’ 1
e +c{12aby§ +2ad + be(6§ — 1) }k3 — dc(2ad + beymj,
;'2 - 3y'|c2dm,2'o - 3X3a2bmio
h 1
o g iBem EA'—¢[l6b$(y(ad +be) +cd) +ad? | (k2 + k2)
5 ok
b +d{12aby§ + 2bc +ad(6§ — 1) }k3 — dd(ad +2bc)m},
;‘.’3 - 3y-lc'd2m,2,° - 3X3ab2m;°;0

FRul = FeynmanRules [LHR,
SelectParticles » {{R, Ry, R}, {H, H, H}, {R, H, H}, {R, Ry H}}]

03.04.2018

Kseniia Svirina 13



Scalar potential

2
1 m I
The considered V(ro,ho)z—mriroz+X3—r°r03+...+Q4\/H (Hy), Q=1--2%
scalar potential: 2 2Ar r

2
Vi, (Hy) =V, _HzHgHo +7‘(H5H0)

Possible generalizations:
= Replace V| by the potential for a 2HDM. o
= Consider the most general renormalizable potential for l

]

-- an SU(2) Higgs doublet and a real scalar SM singlet

2
SM+rea| Scalar Singlet: ‘,( (I). _81) — % (I)? (I) =B %( (I)T (I));2 -} é(sl (I)T (I)LS‘ = é(sz (I)? (I)b‘l2
. B i
+ k1S + 51{25‘2 b §H;;S'; + H—lh'.ls'l ;

-- an SU(2) Higgs doublet and a complex scalar SM singlet
SM+complex scalar singlet: (g, 5,) = % ot o+ 2(@* ®)% + (io‘l o' e, + io}; o' ® 5% +4a, 5,
LW TN Se| Se|® + o N S2| Se|* + h.c
41"61" 6'2(( 81"8";" ¢ .C.
1 i 1 ) 1 ’
+ 742 S20)? + 562 @1 ®| Sef” + Sbol Sel?,
= Consider higher-dimensional operators (impacting vacuum stability considerations).

03.04.2018 Kseniia Svirina



Renormalization Group Equations (RGE’s)

in a General Quantum Field Theory

M.E. Machacek and M.T. Vaughn, Nucl. Phys. B222, 83 (1983)
M.E. Machacek and M.T. Vaughn, Nucl. Phys. B236, 221 (1984)
M.E. Machacek and M.T. Vaughn, Nucl. Phys. B249, 709 (1985)

o0

/

| a:ﬁ;f”** =1+
7
N
\

L=

a;’_;a}
1

1

f_ﬂ’

the bare coupling constant

(Dimensional regularization
and the modified minimal
subtraction algorithm)
d=4-2¢

the renormalized coupling constant

aa(l} M - is an arbitrary mass
The B-function of X;: 8, = H_dxk By, = Z 1T — E__ PF:“E:I} scale parameter
: dlu e=0 ) (}ﬂ
The wave function o0 | The I 1)
renormalization Zi=1+ o' — anomalous | 1 d 1 e
constant of the i-th ,,,Z=1 b gimension T =gk dpe log 2; = 2 Pt dx;
field of the I-th [
field
| 1 1 L 11
Perturbatively: | 3. = : .ffj + ;’jif R Y= e + T i + -
N € N C L A (4m)* ;& (4m)*
/ \ 7 i\
1-loop contribution 2-loop contribution 1-loop 2-loop

03.04.2018

Kseniia Svirina

15



Renormalization Group Equations (RGE’s)

Scalar wave function renormalization

The contribution of a diagram to the singular part of the scalar wave function
renormalization matrix can be expressed in the form

1
Z_l b~ 4Sdb
(&am ok

A B
=ik =
1

A N e A () Diagram s 4 B
L(}] (2} ) 2} 1.1 eq. (3.3) eq. (3.4}
: 12 g 1G (80 i2+a)? -2 +a)
TN ~( D —@ 13 £'CONGCS) — LG(G)] (2 + a1 - a) }-3a+1d?
P 3 14 18'GOIG(G) H2+a)l-a) 7 Ya+2a
3! @ : @ I5a+ 1.5b 5*C SN2 (5) 1 G(G) ~i@+a) ~i+ia-d?
+16
LETmN L -—@-— ---@-— 17 £ GNRG(S) - 1G(G)] 0 1-{a+a?
(S0 (50 (5) ()
LT EEE‘} ‘,@ 6\\ Diagram 5. A B
1
©) (7) (7a) (7h) 21 #MacaeM bode 0 H
22 kTryPyteyeyte i 3
21 kTr }"'I"“]r““ '.i'“ 2 ~1
24 kg Cy(S)Tr Yoy ™ ~(2+a) 1+%a
» 2 25 kgl Te G (F) Yoyt 21 - a) ~l+a
I s = E B 26 kg (TrGE YT 24— a) 23 - La)
Yab I 2-loop 4 4 S, ab? LG, (SITr YY)
'( £ ) diagrams 27a+27b kg Cy (ST Yoyt 21 + 2a) 21 - la)
03.04.2018 Kseniia Svirina 16



25 /\
/ \ l;(.,,,w‘.
|
e F)—
A
e /
m (2)
,"/l\~
A\I{‘\
LN
(4)
(70) '7h
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Renormalization Group Equations (RGE’s)

Yukawa couplings renormalization

ﬂﬂ'

dY*
dt

=Ty Y TY YT Y

¥ -:z| _
? 2eloop

4
(47)°

Y BS*,

diagrams

\
[ | In
©
Py
]
/ \
|
A
A ZoN
/5 SN
/J-"‘ - / N
(30} (3b)
1 .
» ‘.‘\
3
X /X
£N N
A - - 4 -
(S) (6)
|
P rl‘
o ol R o
N il LA S = —
{Bo) 18b) 9)

1-loop and 2-loop results:

(4; ) B 1-loo Q[Y..’ (F)Y t Y YZ(I )I i 2YbY aYb
P

Gr) B 0o =2Y Y ¥ (V¥ - ¥ Y ) - Y[ Y(F Y+ Y YI(F)]¥V*
F’!-

—AY YR Y'Y+ Y ¥ 'YI(F) Y")

— Ak Y ()Y Y Y - kYIS Y ¥ ¥+ ¥VY YY)
k¥ T Y(F) ¥ P+ ¥ Y (R Y +2¥ Yy oy<}
= 2o Y ¥V Y 4 S A naedneae ¥ ' 4+ 32 C(F), YEOY ¥
+5g°Y"{Co(F), Y} Y* — (g [Cy(F) Y3 (F) Y* + YV, (F) Co(F)]
— 1 [Y CoF) Y'Y+ YY" Co(F) Y]

+6g Y Y Y+ YR Y TP Y )

+5xg? Y Tr{C(F), Y} ¥

+6gCE(SIVI YV - 202 (S) Y YT Y?]

Y Y Y+ YV Y ) - CAF) ), Y}
+g*'[6Ca(S) —F Co(G) + ¥ S2(F) + [15:(S)H C(F), Y*}
- g CHS)EC:(S) —HCoG) + 2k S.(F) +55,(8)]¥Y*,

Kseniia Svirina

17

(3.3)




Renormalization Group Equations (RGE’s)

Dimensional parameters. “Dummy”-field method

1w L | 1 o ma
Lo = —3Fy"Fj, + 5D"6aDyéa + 5 0" Dyt L1 = =5 [(my)ieiCin o Gaty
1 a L 1 hubf
— E (YJLL‘JCULQU -+ h(’) — E}Lubfd@u{;ﬂbmf ‘:Dd 31 @a@b@c
contains only dimensionless parameters dimensional parameters
) : Lyi, .. . A,
The B-functions of L, = -3 (Yﬁ%wk% n hr) _ fm Gadbd 167
mf’ mab’ habc Aabed
1 ——=0a Db PP (21)
are equal to those of the ;
new Yukawa coupling Y ¢ dimensionless
quartic scalar coupling A Y
and with (I)d - a non-propagating dummy real scalar field
abed with no gauge interactions

and the

d
substitution: Y =(m =2m-. A .=Nh
Mingxing Luo, Huawen Wang, Yong Xiao ( )'J : ab ' " “abcd abc

Phys.Rev. D67 (2003) 065019
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Renormalization Group Equations (RGE’s)

Dimensional parameters. “Dummy”-field method

The B-functions of fermion mass can be inferred from those of the Yukawa
couplings by taking the a-indices to be dummy:

1
B = 3 [Y,H(F)Y® + YY,(F)| + 2vPyToy?

+26Y°Y3"(S) — 3¢*{Ca(F), Y}

) 1
Checked and corrected 'Jiifnf ) [Y;(F)mf T mf}é(F)] + zybm}r y?
both for 1- and 2-loop
cases 7
Y —3¢*{Ca(F).my} (62)

The B-functions of trilinear scalar couplings can be inferred from those of the
quartic couplings by taking one of the four indices to be dummy.

F )

Verification in progress o

03.04.2018 Kseniia Svirina
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Summary

The Higgs pair production is the key process to search deviations from
the SM in the trilinear Higgs coupling

Extended scalar sector (RS model)

The RS model has been implemented in FeynRules, automated
calculation of the Feynman rules is achieved

Prospective to interface the RS model file with MadGraph for study of
collider phenomenology of the model

Scalar potential reconstruction and study of its stability

Study of the RGE’s is in progress (“dummy”-field method verification and
correction)



03.04.2018

Thank you for your attention!
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Fig. 2 Production cross section for gg — hh at the LHC with /5 = B TeV and 14 TeV.
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Radion branching ratios

1 3 I I I I I I I
w'w-
e, ZZ
oA /7 eeli T e ]
tt
99
m 0.01 3
0.001 | .
00001 \ L - H I | 1 1 1 1
100 200 300 400 500 700 1000

mg (GeV)

Figure 2: The decay branching ratios of the radion. The SM Higgs boson mass is taken to
be 125.5 GeV.
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Higgs BR + Total Uncert

107"

Higgs branching ratios

100 200 300 400 500 1000

M, [GeV]

Higgs branching ratios and their uncertainties

LAHC HIGGS X5 WG 2011
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o(pp — X) x BR(X - HH — yybb) (fb)

Constraints on radion at LHC

A, (TeV)

10
9
s |
w
6 M‘ allowed region
51 M,I ﬁl
47 III'\
5l \
-
2 -. excluded from WW | exmu

my (GeV)

1 bl I L | I
yd 200 400 600 800 1000

Figure 3: Excluded regions in the (mg, Ay) plane from the SM Higgs boson searches in the
A4, WHTW~— and vy channels at the LHC.

CMS

10?

10

102

19.7 fb' (8 TeV)

[T 1 1 1 LI L L L T 1171 L L T 1 171
I | [ | I I | I I

WED: kl = 35, k/Mpl = 0.2, elementary top, no r/H mixing

— radion (A; =3 TeV)
— radion (Ag = 1TeV)
«=== RS1 KK-graviton

===+ Bulk KK-graviton

-
*
c

1L 110

---#--- Observed 95% upper limit

|||||||||||||||

Expected 95% upper limit

[0 Expected limit +1 ¢
Expected limit £+2 ¢

e
-
e
..
s
.

~

Lk | | L
300 400 500 600

700 800 900 1000 1100

my (GeV)

The radion with A,=1 TeV, is observed
(expected) to be excluded for masses
below 975 GeV (850 GeV). The RS1
KK-graviton is excluded with masses
between 320 and 400 GeV.
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Radion-dominated state branching ratios

Radion-dominated state branch r_ (=750 GeV, A,=2 TeV, c=c, _)

Radion-dominated state branch fr. (m=750 GeV, A,=2 TeV)

L
5] ag + o !
c 1 Ww 2
2 By
)
Do °
107
0%
= 108
10°
C 10
10
10k 't 10°
10% 1ot
107 10
- 108 =
10 vy e=0.25¢_
1‘].‘3J||||I.|l|l|||IIIIIIIlIJIJIII|||l|l|l|J 1Cr9||||||||J|]|J|I||||I|l|]||||l|l|l|||||
0 o1 02 03 04 05 06 07 0 7
sin sing
Figure 1. The decay branching ratios for the Figure 2: The gluon-gluon and photon-photon
radion-dominated state with mass 750 GeV as branchings as functions of sin# for ¢ = ¢,,,, and
functions of the mixing angle parameter sin 6. c = 0.25¢maz-

for sinB close to ~v/A, all the branching ratios are
significantly decreased,

the mode to 2 gluons and 2 photons are increased.
(Structure of the interaction vertices of the radion-
dominated state — all the vertices for the fermions and
massive gauge bosons contain the factor cosf—csing _ sing

which becomes small for sin 6 close to V/A\,) :

The position of the maximum and
the form of the curves close to the
maximum practically do not depend
on the value of the parameter c,
which accumulates the contributions
of the higher KK scalar modes.
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Radion-dominated state width

radion dominated width {rrrF?En GeV, A=2 TeV, c=¢ m}

T lIrIIIIl

|r|||||

L III||I'|

2
]

II.III]IIIIIILII.I]IJI]IIIIIIlllIl

0.3 0.4 0.5 0.6 0.7
sinf

S
=
—

Figure 3: The total width of the radion-
dominated state with mass 750 GeV as a function
of the mixing angle parameter sin .

The radion-dominated state can be rather wide.

Radion-dominated state width {n'r|=750 GeV,c=c__ )

100 GaV

;

0.5

0.4

10 GeV

0.3

0.2

0.1

oF
=k
i
!:F

Figure 4: Equal width contours for the radion-
dominated state with mass 750 GeV as functions
of the parameters sinf and 1/A,.

The width of the 750 GeV excess observed at the LHC has a rather large value of the order of 45 GeV
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Radion-dominated state cross section
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Figure 5: The production cross section of the
radion-dominated state with mass 750 GeV as a
function of the mixing angle parameter sinf in-
cluding the contributions of all the production
modes (thick curve) and only the leading contribu-
tion of the gluon-glion fusion mode (thin curve)
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Figure 6: The production cross section of the
radion-dominated state in the main gluon-gluon
fusion mode with mass 750 GeV as a function of
the mixing angle parameter sin f for the parameter
€ = Cpae (thick curve) and ¢ = 0.25¢,,4, (thin
curve).

“The interpretation of the observed excess as the radion-dominated state is very
problematic or even impossible in the simplest variant of the discussed brane-world models,
where only the gravitational degrees of freedom are allowed to propagate in the bulk.

Indeed, as one can see in Fig. 6, the cross section has a maximum of about 0.14 fb, which is by a

factor of 50 + 100 smaller than what is needed to achieve the observed level of the cross section for

the 750 GeV excess”

Edward E. Boos, Viacheslav E. Bunichev, Igor P. Volobuev

arXiv:1603.04495v3 [hep-ph]
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1.3 Renormalization

In order to absorb the divergences of our theory we redefine fields and bare pa-
rameters in terms of renormalized quantities as follows:

F
O =\/ZsOr, Y =1/Zyp, Mg=—-Mmgr, M= —"MFR, §=——==—9R-
(19)
Note that the precise arrangement of scale factors in these definitions is arbitrary,
as long as there is one for every quantity.”? The one we chose gives
1 1 : _— , ) — .
L= Ezqaﬁpcﬂnﬁ“ﬁn — EZsmi?;.ﬁ@fa + UR(iZyd — ZrmrR)YR — i ZegRURYSUROR.
(20)

We now proceed to determine the modified Feynman rules which contain coun-
terterms expanding the renormalization constants in powers of g,

Zi=14+0Z:i+O(g%). (21)
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