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A crowning triumph for particle physics:

¢ a Higgs-like signal has been observed at the LHC;

e evidence from ATLAS and CMS, it is quite SM-like;

e mass measurements: ~ 125 GeV;

e candidate data samples: vy, ZZ*, WW*, bb, 777~ and X;
Motivation for compositeness:

e provides elegant solution for naturalness problems;

o few tensions with the SM prediction, not significant but. ...

e composite Higgs hypothesis has only been marginally
studied in comparison with other “fundamental” scenarios;

e all scalar objects discovered in Nature have always been
bound states of fermions.
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4DCHM

SM may not be the end of the story

Among the possible scenarios
Extended symmetries Extended dyn./dim.

e Supersymmetry e Technicolor
e Extra dimensions
e Composite Higgs

A possible Composite Higgs scenario
¢ Higgs doublet arise from a strong dynamics
e Higgs as a (Pseudo) Nambu-Goldstone Boson (PNGB)

From the '80s: spontaneous breaking of a symmetry G — H
Georgi and Kaplan, Phys.Lett. B136, 183 (1984)
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The main idea
Simplest realisation by Agashe et al. (arxiv:0412089)
e Symmetry pattern SO(5) — SO(4)

The coset SO(5)/S0O(4): one of the most economical:

4 Pseudo Nambu-Goldstone Bosons (PNGBs)
(minimum number to be identified with the SM Higgs doublet)

Potential generated by radiative corrections — light Higgs
(a la Coleman-Weinberg (Phys. Rev. D7 (1973) 1888-1910))

Extra-particle content is present
e Spin 1 resonances
e Spin 1/2 resonances
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A minimal realisation

4DCHM of De Curtis, Redi, Tesi (arxiv:1110.1613):
highly deconstructed 4D version of general 5D theory

e Just two sites: Elementary and Composite sectors
e Mechanism of partial compositeness

Effective 4D model, hence needs UV completion, irrelevant for
the present analysis

Minimal: single SO(5) multiplet of resonances from composite
sector (only dof’s accessible at the LHC)

The 4DCHM represents the framework to study CHMs in a
complete and computable way

Generic features of all relevant CHMs are captured
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Bosonic sector

Elementary sector Composite Sector

De Curtis, Redi, Tesi 11

O = exp(%;) I Goldstone Matrix
f scale of the symmetry breaking (compositeness scale)

(I>2 = Ql¢0 d)O = (07 07 07 07 1) = 5i5

11 new gauge resonances
5 Neutral 6 Charged (c.c.)
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Bosonic sector mass spectrum

' 47 2
Bosonic sector mass spectrum Mgl — f2g3
M, ~3TeV
tan = sg/co = go/ g«
tany) = sy/cy = V2g0v /94
§ = sin(37) ~ o7
v = (h) = 246 GeV
oy GV Model parameters (gauge):
f~1TeV
and g, perturbative (< 4x)
Gauge boson mass > 1.5 TeV M, =fg

from EWPTs
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Fermionic sector

bel Ay U Explicit breaking of SO(5) through
' Yukawas in composite sector Y, Yz
Ys,my, 20 new fermionic resonances

e 10 in the top sector

¢ 10 in the bottom sector

el

ar,
Model parameters (fermion sector)

™
Y, my; AtLv AtR7 YT7 myr,

sel Apr, Apr, YB, My
R \I/,f
e Elementary(3"¢) fermions mix with composites via O,

e First two generation quarks and all leptons ~ SM
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Fermionic sector mass spectrum

Top and bottom sector (X = X/m,)

Fermionic sector mass spectrum

mj o 5 Ay AR YR

m, ~ 1TeV

*AfLAERYq%

2
m ~ ~ ~
mi, o2 - (2 + My, — My /4 + M?VT)

| 2

2
Mpop = 172GV 9 mz ~ - 5
mBl 9 <2+MYBMYB\/4+MYB>

Fermionic resonance mass ~1 TeV
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Higgs sector at a glance

Four PNGBs in the vector representation of SO(4) one of
which is composite Higgs boson

Physical Higgs particle acquires mass through one-loop
generated potential (Coleman-Weinberg)

4DCHM choice for fermionic sector gives finite potential,
i.e., from location of minimum one extracts my and (k)
Partial compositeness:

1. SM gauge/fermion states couple to Higgs via mixing with
composite particles
2. 4DCHM gauge/fermion resonances couple to Higgs directly

Zoo(/Jungle) of new fermions and gauge bosons has
potential to alter Higgs couplings via mixing and/or loops
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A natural choice of parameters

mpy consistent with 125 GeV

300
250¢
é 200}
£ DA
100—:,".'.','.'. M

50L° ‘ ‘ ‘
500 1000 1500 2000 2500

me(GeV) m;(GeV)

Masses of lightest fermionic partners f as a function of Higgs
mass with 165 GeV < m; < 175 GeV, for (left) f = 500 GeV and
(right) f = 800 GeV. Fermionic parameters are varied between
0.5 and 3 TeV. Gauge contribution corresponds to Mz y = 2.5
TeV. (From De Curtis, Redi, Tesi (arxiv:1110.1613).)



Implementation
@0000

Particle spectrum

The particle spectrum of the 4DCHM is
e SMleptons: e, i, 7, and ve, v, vy

SM quarks; u,d, ¢, s, t, b

SM gauge bosons: v, 2%, W+, ¢

5 extra neutral gauge bosons: Z;_; -

3 extra charged gauge bosons: Wi’iﬁ&g
8 extra charged 2/3 fermions: t;_;

8 extra charged -1/3 fermions: b;_; g
2 charged 5/3 fermions: T_, ,

2 charged -4/3 fermions: B;_, ,

1 Higgs boson
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Calculation

More than 3000 Feynman rules!
A non-automated approach. .. simply impossible!
Implementation of the 4DCHM in numerical tools:

o LanHEP for automated generation of Feynman rules

A. Semenov (arXiv:1005.1909)

o CalcHEP for automated calculation of physical observables

(cross sections, widths...)

Belyaev, Christensen and Pukhov (arXiv:1207.6082)
Uploaded onto HEPMDB:
http://hepmdb.soton.ac.uk/
under “4DCHM(HAA+HGG)”

H~Z is fully evaluated and implemented but not public (yet)
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Experimental constraints

e Implemented outside LanHEP/CalcHEP tools:
o o, My and Grp
¢ Top, bottom and Higgs masses (same for 4DCHM & SM)

165 GeV < m; < 175 GeV

2 GeV < myp <6 GeV
124 GeV < mpg <126 GeV
e Zbb and Ztt couplings
e Stand-alone Mathematica program performs scans on
model parameters: 6 benchmarks were extracted

e Output is read by CalcHEP to compute physical
observables
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Two words about H — ~vZ (1)

Different topologies: a 1-loop calculation that wasn’t available!
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Two words about H — ~vZ (2)
While a sum rule is available for the case H — vy and H — gg

(see arxiv:1110.5646), this is not the case for H — ~Z.
f=0.75TeV, g.=0.2

1.4
S F e Total
K‘; 3 ® Only diagonal tops
T , SM-like
=
=2 eOnlyWs . PRELIMINARY
r e Limit

........................................................

We have derived an upper
bound for the sum of all the
fermionic contributions:

0.8 v

ICi(H = ~+Z)| <6-107° GeV !,

0.6

200 400 600 800 1000
M., (GeV)

C..7(M? — 2MZ\M
C:(H — ~Z)| < Max{|CE| + |C*|} 2t (M 2) M

m2v(MZ — M2)M,
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LHC results

Define benchmarks

e 4DCHM parameter scans with f and g, fixed to:
(@) f=0.75TeVand g* =2
(b) f=08TeVand g* =25
(c)f=1TeVand g* =2
(dyf=1TeVand g* =25
(e) f=11TeVand g* = 1.8
(f) f=12TeVand g* = 1.8

e All other parameters varied:
05 Tev S My, AtLa AtRl YT; MYTa YBa MYB S 5 Tev
0.05TeV < JANS 2 AbR < 0.5TeV

e Total number of random points for each (f, g.): =~ 15M.
e Survival rate of O(107°), variations amongst (f, g.) < 30%
e 4DCHM is highly constrained
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Limits on heavy gauge bosons and fermions

Call these Z/, W', t' and V/

e Bosons:

1. EWPTs (LEPR, SLC & Tevatron) sets Mz, v > 1.5 TeV
2. Z', W' have poor lepton rates, hence no stronger limits
from direct searches (Tevatron & LHC)

e Fermions:

1. Direct searches (LHC) more constraining, assume pair
production (7 TeV)

2. CMS with 5 fo—t, BR(t' — W*b) = 100%
CMS with 1.14 fb—!, BR(¢' — Zt) = 100%

3. CMS with 4.9 fo—!, BR()) — W~t) = 100%
CMS with 4.9 fb~1, BR(V — Zb) = 100%

4. Limit on 77 and B; about 400 GeV, but it could be slightly
lower
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Black line is cross section assuming 100% BRs, red line is 95%
CL observed limit and purple circles are 4DCHM points for
f=1TeV and g, = 2. Dotted-red line corresponds to
extrapolations of experimental results.
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R parameters

e Define R (1) parameters, the observed events over SM:

Rov — o(pp = HX)|spcum X BR(H — YY) |spcum
m o(pp — HX)|sm x BR(H — YY)|su

YY =y, bb, WW, ZZ (neglect 7+77)

¢ Relevant hadro-production processes at LHC:

gg — H
() = VvH (V=W,2)
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LHC data

ATLAS (new)  CMS (new)

R, 1.6+0.3 0.77 £ 0.27
Rzz 15404 0.92 +0.28
Ryww  1.4£06 0.68 + 0.20
Ry  —04+10 1.15 + 0.62

Table: LHC values of the R parameters from ATLAS&CMS.

e FOrYY =~vy,WW, ZZ take Y'Y’ = gg while for YY = bb
take Y'Y = VV

e Use f =1 TeV and g, = 2 for illustration, features generic
to 4DCHM



Outline Introduction 4DCHM Implementation Couplings&LHC LC Conclusion
o o

[e] 000000000 00000 O0000e 0000
00000

Effective parametrisation

e Introduce reduced couplings a la LHC HXSWG
(A. Denner et al (arXiv:1209.0040))

e We can cast R’s in terms of x’s

2 .2

RYY' = Ry Ry
12

H

V,Y'=b/1/9/v/V

2 _ T(H — bb/7* 7 [99/v7/VV)lapchm
VIV D (H — 0/ 99/ VY lsu

o Ttot(H)]apcHM
Kfyp = —————
Ciot (H)|sm
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Higgs width

e xy smaller: b — &’ mixing, all Higgs rates rise
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Distribution of xx versus (left) mr, and (right) mp, for f =1
TeV and g. = 2. Regions to left of vertical dashed-red lines
excluded by ¢’ and ¥’ direct searches.
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Higgs to gluons

e kg smaller: t — ¢’ mixing, ¢-loop dominant
e Subtle cancellations/compensations

Couplings&LHC LC
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Conclusion

Distribution of , versus (left) ms, and (right) mp, for f =1 TeV

and g. = 2. Regions to left of vertical dashed-red lines

excluded by ¢’ and ' direct searches.
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Higgs to photons

e k. also smaller (less though): ¢ — ' mixing, ¢-loop
subdominant
¢ Again, subtle cancellations/compensations
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Conclusion

Distribution of . versus (left) mp, and (right) mp, for f =1 TeV

and g. = 2. Regions to left of vertical dashed-red lines

excluded by ¢’ and ' direct searches.
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R in gluon fusion at the LHC

e T7 and B; masses play significant role, revisit R,
» Leakage of points towards large R, > 1 at small masses
o Asymptotic result for my, — oo can be wrong by 10+%
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i
i
16f @ i 16
i .
15 i 15
|
141 @ | 14
i
° .
5s i 1.5 13
& % | < o
o .
12} o8 o! q 12 ., q
s
11 ® aog 0% q 11 N ]
[J
g °
10 se Joo 10 > ]
‘o ~ S8 § o0,
0ol : . . . . . . 00L L% P . . . .
02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16
my, (TeV) mp (TeV)

Distributions of R, versus (left) mp, and (right) mp, for f =1
TeV and g. = 2. Regions to left of vertical dashed-red lines
excluded by ¢’ and ¥’ direct searches.
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4DCHM against data (left) and y? fits (right) for all benchmarks
in (f, g«). Line is SM. Points compliant with ¢ and ¢’ plus T}
direct searches.
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LC results from an effective approach (1)
Higgs-strahlung times BRs: will this be correct?

e Take low energies, 250 and 500 GeV, and look at leading
¢ = v?/f? corrections

. SM gSM _
« Couplings rescale as: ¥ = I — C, —mdifyr = o
9HVV Hff —¢

g

LC @250 GeV ozuBr; LC @500 GeV ozyBr;

WW,ZZ (red)r,m% (black) and bb/gg (blue) sigﬁgf strength as
function of f. In green ratio of inclusive ZH cross sections.
Horizontal for expected accuracies o x BR for a 250 GeV and

fo~! (left) and 500 GeV and fb~! (right) LC.
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PROPER LC results

e Inclusive Higgs-strahlung is affected by Z’s: define
R = PO and A = R — K%y

=0.8 TeV, g.=2.5 f=0.8 TeV, g.=2.5
« 13 9 s 30 €% g
® 250 GeV «
1.25 .500.GeV. 3
1000 GeV 25
1.2
1.15 20
1.1
15
1.05
1 10
. e e see
0.95 Wi de. Rt TN ~ . oo e
v . ot Vet s, 0 g Waite 5 LTS
0.9
RS L T PRI
0.85 0
0 500 1000 1500 0 500 1000 1500
FZJ l—‘Z.’!

Corrections induced by mixing plus Z3 exchange as a function
of its width for benchmarks (b) (left) and (c) (right).
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LC results: HSxBR

¢ This is finally allowing to disentangle models via couplings!
(Error bars from arXiv:1306.6352, ILC TDR)
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Scatter plot in uys /v (181), 15/ 11, (center) and Ry, /172
(right) for f = 800 GeV (grey) and f = 1000 GeV (cyan).
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LC results: eTe™ — ttH

e Again, Z's in propagators other than mixing effects
e Optimistic, good experimental accuracy: 35%(9%) at a 500
GeV and fb=1(1000 GeV and fb~1!) LC.

c 4 f=0.8 TeV, g.=2.5 « 4 f=1TeV, g.=2
3.5 [ ®E=500GeV 350 *_E=500GeV.
E=1000 GeV E=1000 GeV

3 3
25 25

2 2
15 1.5

1 : 11?- ooyt -

I R e L I DL Vot
05 : 2. 05
) 500 1000 1500 2000 0 500 1000 1500

Corrections induced by mi;ing plus Z; exchange as a fuzflction
of its width for benchmarks (b) (left) and (c) (right).
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Conclusion

We have presented a concrete realisation of a 4DCHM and
its main theoretical and phenomenological features

A full implementation is now available at
http://hepmdb.soton.ac.uk/, fast tree-level
calculations and event generation is possible, with the
exception of the loop-induced H— > ~Z vertex which is not
public yet

Higgs couplings were extensively studied and x? fits were
performed with respect to the LHC data

A preliminary study of the phenomenology at LCs has
been presented: we have shown that the usual effective
approach could be not sufficient for natural choices of the
scale f in vector-mediated processes, more to come
(CSxBR study in Higgs-strahlung processes, top Yukawa
analysis, triple-H coupling, etc.)
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Black line is cross section assuming 100% BRs, red line is 95%
CL observed limit and purple circles are 4DCHM points for
f =1TeV and g, = 2. Dotted-red line corresponds to
extrapolations of experimental results.
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LC results
Higgs self-coupling from Z(— ¢t¢—)H H(— 4b) and v H H (— 4b)

e Rescaling is \spcaM = Asm \I/IQTCC

o Difficult, poor experimental accuracy: 64%(38%) for
ZHH(vvHH) at 500 GeV and fo—1(1000 GeV and fb~1).

uHLC @500 GeV 7uHLC @1000 GeV
0.9¢ 12
0.85 11
£ 050 510 .
E & -3
S0 oA
& 075 B & 'ii"
“ 0.8 ¢
0.70 .
0.7
0.6
070 075 080 085 090 07 08 09 10 L1 12
R Ry,

Scatter plotin Ry, V8 Ry, pyy Rpr(r—ip) fOr f = 800 GeV
(grey) and f = 1000 GeV (cyan) for a 500 GeV (left) and 1000
GeV (right) LC. (Same results for vvHH.)
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LC results
~~y versus vZ (only BRs)
e Smoking gun, they are egual in most BSM physics

f=0.8TeV, g.=0.25 f=1TeV, g.=0.2

g 4 Q14
< <
'3 '3

1.3 1.3

1.2 1.2

1.1 1.1

1 1

1 1.1 1.2 1.3 1.4 1 1.1 1.2 1.3 1.4
R(vy) R(vy)

Scatter plot in R,z vs R, for benchmarks (b) (left) and (c)
(right).
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LHC results

e Compare all benchmarks to SM & data

———
= =
i ATLAS i
o1 CMS —‘ﬂ]{’: .
B =075 TeV, g, =2.00 -
0 £=0.80 TeV, g, =2.50 +
0 f=1.00 TeV, g, =2.00 o
B f=1.00 TeV, g, =2.50 —pr
E /=1.10 TeV, g, =1.80 H-WH W
B =120 TeV, g, =1.80 -
=
—u
—4 2
-ﬂ}; H~ZZ
._.
‘»
L
S D —
L]
A
H—+bb

o —

-1.0 —0.5 0.0 0.5

4DCHM against data for all (f, g.) benchmarks. Points
compliant with ¢’ and &’ direct searches.
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LHC results

e Perform y? fit and compare to SM, can be better

14.0 1.75
E [—0.75 TeV, g, =2.00
=3 £=0.80 TeV, g, =2.50
1 f=1.00 TeV, g, =2.00

150 B £=1.00 TeV, g, =2.50 || 162
B /=110 TeV, g, =1.80
B =120 TeV, g, =1.80

120 —  Standard Model s

11.0

10.0

9.0

lementation Couplings&LHC LC
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4DCHM y? fits for all benchmarks in (f, g.). Line is SM. Points

compliant with ¢ and &’ direct searches.
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LHC results

e Add my > 600 GeV (no limits on m 3 )

=075 TeV, g, =2.00
£=0.80 TeV, g, =2.50
f=1.00 TeV, g, =2.00
£=1.00 TeV, g, =2.50 [] 1%
f=1.10 TeV, g, =1.80
f=1.20 TeV, g, =1.80
12.0 Standard Model 15

A0

x? /dof

110 1.375

10.0

9.0 1125

4DCHM y? fits for all benchmarks in (f, g+). Line is SM. Points
compliant with ¢’ and &’ plus T} direct searches.
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LHC results

e Mixing effects only: ZZ* — 4¢ and WW* — 202y,
(corrections to BRs different in 4DCHM)

¢ Both below 1 mostly, some points above, strong correlation
suggests common cause for effect

Correlation between R, and Ry, VV = WW (red) and ZZ
(purple), for f =1 TeV and g, = 2. All points compliant with
direct cearches for '« and »'e
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Backup slides

SM left doublet can be embedded in (2,2),/3 € Y7 as,

T Ts
Soa= (22250 (Loa (22p=( o
3

tr coupled to singlet in different 5,3 representation, ¥
br coupled to singlrtina 5_; 3 (¥3)
To generate b Yukawa it is necessary (by U(1)x symmetry)

to couple SM doublet to second doublet in 5_; /3 (¥ )
which contains
T/
” )

B_
5—1/3 = (27 2)—1/3@(17 1)—1/3a (27 2)—1/3 = < B

Wik Wl
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Backup slides
Lagrangian (gauge and fermions)

2 2
Lamge = LT01D 0P + Z2(D,02) (D,2)"

1 5 i 1 w1
o ZIO;?V Apv iF;YgFWMV
(T composite 1 elementary kinetic terms)
Lfermions = LSrmions + (D, @00 VT + Ay, T4 Vs + hoc.)
+ U (iDY — m) U + Ui(iDA — m,) Vs,
— (YpUr, 85 ®oWs p + My, Y Vg + hec.) + (T — B).
e Covariant derivatives
DHQy = 0M Q) — igoWQl + ’L'g*lezl, D‘uq)g = 8u<1>2 — ’L'g*;lq)g
W[A] mediators of SU(2);, @ U(1)y [SO(5) ® U(1)x]
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SOB)@U(1)x — SO(4)®U(1)x from SO(5) vector
Dy = ¢l where ¢ = 6.

Ur pand \TJTVB fundamental representations of SO(5)
[embedding composite fermions]

SM third generation quarks embedded in incomplete
representation of SO(5) ® U(1)x to give correct
Y = T3% 4 X under SU(2), @ U(1)y

Ay /1R Mixing parameters between elementary and
composite sectors

Y1, My, , Yukawa parameters of composite sector
m, mass parameter of fermionic resonances
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Higgs interactions
In unitary gauge link fields Q,, = 1 + %11 + 51112,

2
50 = sin(fh/2), o = cos(fh/f2), h=Vhihd, ZJ}Q — ]}2
n=1J"

Identify IT = +/2h4T% GB matrix and T%s SO(5)/SO(4) broken
generators (a = 1,2, 3,4)

n:\/ih&Td:_i( o '(;) h” = (hy, ha hs, ha)

Relate h to usual SM SU (2); Higgs doublet

g L[ —ihi—hy
V2 \ —ihg+hy )
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Use Q,, = 1 + 69, to define Higgs interactions

2 ~ ~ ~ ~ ~ ~
[fgauge,H = %QOQ*TT |:W5QlA + WA(;Q{ + WéQlA(SQ{}

b Zg? [qjg ST AAdy + o7 AASQpy + qﬁ{mgﬂmz%} ,
L term,H ZAtLqL ST + Ay 1500 V7
— YrUr, (68 90095 + 8Qadodl + 80208 $dQ )T
+ (T — B) + h.c.

e In unitary gauge hi, ho, hs eaten by W+, Z and hy is H
e Expand 6 > to first order in H to extract gpv,y, and 9y 7,

e Couplings to mass eigenstates obtained after
diagonalization
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Subtle loop cancellations/compensations
e Consider loop diagrams

H — ~v induced by a charged vector loop
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e Consider HV;V; charged couplings (SM-like and Extra)

A S| S!
e w w/giww 8wy wal 85 W w g w, w8 w
24
AT 7007
955 5 1175
23
099
221 0965 | 098
g 21 2 1225
200 | 0975
o 125 127
1.9} 0.96 13
18 : 1325
10 15 20 10 15 20 10 15 20
£(TeV) f(TeV) f(TeV)

Couplings of Higgs boson in 4DCHM to charged gauge bosons
(W left, W5 middle, W3 right) normalised to SM values.
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e Consider HV;V; neutral couplings (SM-like and Extra)

SM S| S!
817 7/817 2 812 2./81 2 812, 2,/81% 2

24 ‘ I J R i
23l || 0975

|

099

22 Ll\ |1 0985 i

sl

8« 21 I 118
20 ‘ I
J‘ | 099
19} 0965 | [
|
el 0B | | .
10 15 20 10 15 20 10 15 20

f(TeV) f(TeV) f(TeV)
Couplings of Higgs boson in 4DCHM to neutral gauge bosons
(Z left, Z, middle, Z3 right) normalised to SM values.
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e Consider H f; f; couplings (SM-like)

095

0ss
i b %
. o 9 .
Y s
g 3 oo felye T
Lr ] 0%‘& 035 % & o0
- LA R
N e == %
23wl gt o0t 23 0w .
S0 o . ) d
= F ] < &
. )

Sosfeied . S onteg,
= o [y x L
o0 P . % (%)

LAY or0fe®

~

osf .
0
-
02 04 06 08 1.0 12 14 1.6 o 02 04 06 08 1.0 12 14 16
my,(TeV) m p,(TeV)

Couplings of Higgs boson in 4DCHM to top (left) and bottom
(right) quarks normalised to SM values vs my, and mp, for

f=0.8TeVand g, = 2.5.

Couplings&LHC LC

Conclusion
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e Consider H f; f; couplings (extra light)

15
-
04 » > .
.0,0.1 . . . .
N
[ s 05 o o2 *° .
zZz == p o, LY
= vz xJ
N 25 00 &.8«.. .
- - e
S o0 5 M e s
< S _osf g 1e .
= .
= & 1.2
-02 10
15
04
02 04 06 05 10 12 14 16 02 04 06 05 10 12 14 16
my,(TeV) m p(TeV)

lementation Couplings&LHC LC

Conclusion

Couplings of Higgs boson in 4DCHM to lightest heavy top (left)
and bottom (right) quarks normalised to SM values vs m, and

mp, for f =0.8 TeV and g, = 2.5.
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« Consider H f; f; couplings (extra heavy)

ol
o
L
osf o o 05
- FE .~ _:
Zx 30'} oL N Zx
:

00 00

e 3 . 8. e, .
! . ) e
| 209 1 it

8H T, 7,/8

8H 1,1/ 8 )
g
8T, T,/8

02 04 06 085 10 12

mr,(TeV)

1 .
T4 16 02 04 06 08 10 12

my,(TeV)

T4 16 TR0 T0s s 10 12 14 16

my,(TeV)

Couplings of Higgs boson in 4DCHM to second (left), third
(middle) and fourth (right) lightest heavy top quarks normalised
to SM values vs m7, and mp, for f = 0.8 TeV and g, = 2.5.
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e Loop compensations between SM-like and Extra quarks
(99)

H- H—
s 06 99 . 1.2 99
u 2
< <
k05 3
z e B’s 1
9 o T’s 9 EERE 0 AR . RS I
< 04 < RS i L PR AT T F e
0.8 [y ot
0.3
0.2 06 o Total
" o SM-like
0.4
0.1 Extra
0 A & . 0.2
igge ¥y A Rre
0.1 0
-0.2 -0.2 L
400 600 800 1000 1200 400 600 800 1000 1200
m,, [GeV] m,, [GeV]

Loop contributions to H — gg in 4DCHM normalised to SM vs
mp, for f =0.8 TeV and g, = 2.5.
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e Loop compensations between SM-like and Extra quarks

H- H—
o s 1.2 n
J0.04 <
N
£0.02 1
3 o 3 L it comrim b0 Sembms mem @0 8
] gy Popaevea @ 8
< 0 ela & <
0.8
0.02 ;
0.04 06 o Total
-0.06 e SM-like
® B’s 04 Extra
-0.08
o Ts 0.2
-0.1
W’s
-0.12 0 S R
-0.14
_0.2 Il L
400 600 800 1000 1200 400 600 800 1000 1200
my, [GeV] m;, [GeV]

Loop contributions to H — ~+ in 4DCHM normalised to SM vs
mp, for f =0.8 TeV and g, = 2.5.
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e Loop cancellations between Extra quarks

H- gg
H 0.6
<
S o5
§ o T,
§ T, .
< 04 o7 W
T,
03 2.0
0.2
-0.06 o,
0.1 0.08 =t
A
-0 [ 3 -0.1 *..Ta
kY
01 -0.12
-0.14
-0.2
400 600 800 1000 1200 400 600 800 1000 1200
my, [GeV] my, [GeV]

Loop contributions to H — gg (left) and ~+ (right) in 4DCHM
normalised to SM amplitude vs m7, for f = 0.8 TeV and
G« = 2.5.
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