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work in progress
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Introductory motivations

— an extra motivation in retrospect:
why is the discovered 125 GeV scalar so much SM-like??
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The model

The scalar sector consists of the standard Higgs weak doublet H and a
colorless scalar field A transforming as a triplet under the SU(2), gauge
group with hypercharge Y = 2:

H~(1,2,1)and A ~ (1,3,2) under SU(3); x SU(2). x U(1)y.
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Electroweak symmetry breaking

B = ( Vt/o\@ 8 ) and () = < Vd?\@>

one finds after minimization of the potential the following necessary
conditions:

W - 2uvZ — V2(\ + M)AV — 2V2(Np + A3) VP
2\/§Vt
A 2
m, = % —Veuvi + Qi) er)\“) v

8 parameters — 7 parameters with v = /v§ +2vf = 246GeV
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Higgs spectrum, couplings,...

— 10 scalar states: 7 massive physical Higgses, h°, H®, A%, H* H**
+ 3 Goldstone bosons and 3 mixing angles «, 3, 5’
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Higgs spectrum, couplings,...

— 10 scalar states: 7 massive physical Higgses, h°, H®, A%, H* H**
+ 3 Goldstone bosons and 3 mixing angles «, 3, 5’

hU:c03ah+sina§°, Hozfsinah+005a§°, AozfsinBZ1+cosB22, Go:cos,821+sin,822

!’ !’ !’ !
Gt =cosg ¢t +sing 6T HE = —sing ¢F +cosg ot
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Higgs spectrum, couplings,...

1 2
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Higgs spectrum, couplings,...

a comment:

@ sometimes in the literature the EWSB equations are approximated

as
M2 — 2uv3 — V2(M + A)V3ve — 2v2( g + A3)VP LM~ pva )
2\/§V[ \/évt
2
m,24:7—\/7 vt+( 2/\4)vt2—>m,2_,:% (2)

while (2) is trivially OK, (1) assumes n > v;.
@ Ma ~ pu~ Mgyr — seesaw — only SM-like h° at the LHC!
@ u <, < vy more interesting

G. Moultaka, L2C-Montpellier Higgsology with the type Il seesaw model workshop-CPPM, 6-7 May '19 8/39



HO is the SM-like
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h° is the SM-like

l initial state (pp) sensitivity final state
9@, v, Zv, ZZ, W W~ [gg7] gauge couplings, H*, Xy, h° HYYH™~
qq , yWE, zw* gauge couplings, HE+ , HF HEEHF
qa, vy, Zv, ZZ, WH W~ [gg7] gauge couplings, HE, A%, 2X; + Ay, O HYH~
qg’, yWE, zw* gauge couplings, HE , A? HEHO
qa’, ~ w+ s zwE gauge couplings, HE s A° HEAO
qq’, v wt, zw* mixing suppressed [gauge couplings, HE, A% HE R
wEw* gauge couplings, HE HEEHO
wEw* gauge couplings, HE HEE A0
wEw* mixing suppressed [gauge couplings, Hi] HEERO
94, 2Z, WH W~ [gg7] gauge couplings, HE AL Ay + Ag, ho HOHO
qq, Wrw— gauge couplings, HE HOA?
qq, WTw— gauge couplings, HE HORO
q§,2Z, Wt W~ [gg?] gauge couplings, HE, HO, Ay + A4, KO A0 A0
qq, WTwW— gauge couplings, HE AOHO
SM SM HOpO
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h° is the SM-like
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200 GeV H** 400 GeV H**
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250 GeV H** 400 GeV H**
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h° is the SM-like

@ Associate production channels, H**HT and H°A° are important
wrt HEEHTT

@ various decay channels, depending on the masses — different
final states

@ what can be the prospects for RUN 3?7 (Ana, Hanlin,...?)
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H Into GammaGamma Study
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H Into GammaGamma Study

Gra? M3 ~ ~
F(H =) = pevms | or NeQEGunAls (1) + Gruww Al (Tw)
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relative Higgs couplings

H Orou Onad Guw+w-
he Ca/Cpr Cu/Cpr +€(Ca Va + 284 V) /(25w Mw)
HO —S4/Cs —S,/Cpr —e(Sa Vg — 2Co i)/ (25w my)
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HO is the SM-like
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H? is the SM-like — light h°, A°

o & <1 = H’SM-like & mpo =~ My < Mo
@ groporo = Gaopomo == (A + Aa)Vy

@ [gzpop| ~ |gZZH°|SM
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light RO, A°

constraints to worry about:

@ non-standard decay modes of the SM-like Higgs:

o H — hPH0) Ao a0t
e followed by h%, A° — bb,vv + o7, (gg, 77,77), -

@ LEP2 direct search limits
ete™ — Z* — WOAC

@ the Z boson width
Z — hOAC
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light h0, A°
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light RO, A°
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light RO, A°

LEP2 constraints can be evaded for sufficiently small v; in two ways:

@ branching ratios of decays in neutrinos become important or
dominant

o lifetime of h° or A° becomes sufficiently long, decaying outside the
detector
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light RO, A°

v, (1075 GeV)
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light RO, A°

= LEP2 bounds evaded for v; < O(10~3)GeV
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light RO, A°
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light h0, A°

0
10:”“”‘H‘H“HH“HH“H“‘bﬁz
E oo 1
L0 N— o ]
2 b i ]
e WA
Fp st R,
uéu
e g9 |
[ I T
r aoeoaonea 7 o ]
L coaonomaaEREREe R oo
0002009500
oare0una000%0 -
u; e ® 72%4
enanssrarss® 000
~ rssnenpan et o0 _
I o eor0600a0a00 E|
& an0000000090 3
L ]
+ -
it 3
o 1
£ ——" 1
E P 4
ST————
Lo, +2, =0.1 (b)
P O I O IO AU EEN AN PN B

"
%086 0087 0088 0089 009 0091
R

0.092  0.093 0.094 0.095 0.096

G. Moultaka, L2C-Montpellier Higgsology with the type Il seesaw model  workshop-CPPM, 6-7 May 19

30/39



light H°,
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H? is the SM-like — light h°, A°

@ is the scenario 44Gev < my, myp < 60GeV excluded?

@ tension with limits from direct search of H**, H*, given EWPO
limits, and from H® — ~+

@ the scenario 62GeV < myo, My < 125GeV not studied!
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BACKUP
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Dynamical constraints
Tree-level Boundedness From Below:

V(H,A)
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Dynamical constraints
Tree-level Boundedness From Below:

V(H,A)

;A

stable vacuum « V > Vi, VH A
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Dynamical constraints
Tree-level Boundedness From Below:

V(H,A)

;A

stable vacuum « V > Vi, VH A
keep only the quartic operators
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Dynamical constraints

Tree-level Boundedness From Below:
V(H,A)

;A

H \ stable vacuum « V > Vi, VH A

keep only the quartic operators
VW (H,A) = %(HTH)Z + M (HTH)TF(ATA) + \o(TrATA)?
+A3Tr(ATA)? + \HTAATH
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Dynamical constraints

Tree-level Boundedness From Below: The most general solution
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Dynamical constraints
Tree-level Boundedness From Below: The most general solution

r = VHiH+ TFATA
H'H = r?cos?~y
TH(ATA) = rPsin?y
(HTAATH)/(HTHTrATA) = ¢
Tr(ATA?/(TFATA)? = ¢
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0<¢<1 and §§C§1
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Dynamical constraints

Tree-level Boundedness From Below: The most general solution

r = VHiH+ TFATA
H'H = r?cos?~y
TH(ATA) = rPsin?y
(HTAATH)/(HTHTrATA) = ¢
Tr(ATA?/(TFATA)? = ¢

4

m@ +4(\ +EXg) tan® v+ 4(X2 + CAg) tan® 7)

V@ (r tann,€,¢) =

1
0<¢<1 and §§C§1
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Dynamical constraints

Tree-level Boundedness From Below: The most general solution

r = VHiH+ TFATA
H'H = r?cos?~y
TH(ATA) = rPsin?y
(HTAATH)/(HTHTrATA) = ¢
Tr(ATA?/(TFATA)? = ¢

4

m@ +4(\ +EXg) tan® v+ 4(X2 + CAg) tan® 7)

V@ (r tann,€,¢) =

0<tanvy < 4o

1
0<¢<1 and §§C§1
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Dynamical constraints

A>0 & Ao+ CA3>0 & M+ + VA2 +Chs) >0,

v € 5116 € [0,1]
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Dynamical constraints

A>0 & Ao+ CA3>0 & M+ + VA2 +Chs) >0,
1
VCG [571]7V§€ [071]

A
A>0 & Mo+ A3>0 & >\2+?320

A
& M+ VA2 +2a) 20 & A+ /A + ) = 0
A
& A+ 2+ VA0 T26) 20 & A+ A+ A2+ 2) 20
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Combined dynamical constraints

BFB and unitarity
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Combined dynamical constraints

BFB and unitarity
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Combined dynamical constraints
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= exact full 5D hyper-volume: \; < —1,—-0.5 — 3permil, 3%
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Ratio of branching ratios

bryy_cont_300.pdf

Akeroyd, Moretti, arXiv:1206.0535
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