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2HDM+S [SB, Shah ‘18 (1808.02667)]

e 2 Higgs doublets + 1 complex singlet
(= NMSSM Higgs sector without SUSY relations)
e 6 physical states after EW symmetry breaking

e Parameterize model in Higgs basis

e Neutral physical states:

hi = {hi2s, h, H} g ®;
_ SEI-MHSM 5 SESMHNSM G 5/?, HS ///’
(I),' //
_._.___<\
aj = {a, A} \\\\
_ PNSMANSM + PS AS g \<I>L.
aj a;
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27 free parameters: [SB, Shah 18 (1808.02667)]

6 physical masses:

Mpos my mpy my ma , mpy+

4 mixing angles:
NSM S S S
Sh125 ) Sh125 ) SH ) PA
3 vacuum expectation values:
v, tanf, vs

10 independent trilinear couplings:

BHSM HNSMHNSM, BHSMHSHS; BHSMASAS,
BHNSM YNSM (NSMy,  SHNSM HYNSMHS, SBHNSMHSHS, SHNSMASAS,
BHSHSHS, BHSANSMAS,  BHSASAS

4 independent quartic couplings:

)\HNSMHNSMHSHS, )\HNSMHNSMASAS, )\HSHSASAS, )\ASASASAS 3
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27 free parameters: [SB, Shah 18 (1808.02667)]

6 physical masses:

mp , mey my, ma ,

4 mixing angles:
NSM S S S
5h125 ) Sh125 ) 5H ) PA
3 vacuum expectation values:
tan 3,

10 independent trilinear couplings:

EHNSMYSHS;  BHNSMASAS,
EHS ANSM AS
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Resonant double Higgs production

» H — hisshio5 suppressed by alignment:
SM \2 cNSM SM\2 S
EhioshiosH ™ (Shm) SH™ 8HsMpysMpNsM + (5h125) SHIEHSM HSM s
SM cNSM [ cSM
o S/'1125 5/7125 [5h125

g HSMHSM ySM — 25/1_\IISMgHSMHNSMHNSM]

SM NSM ¢S S NSM S S
+ 25h125 [(5,,125 SH < 5,,1255,_, )gHSMHNSMHS + Sh1255HgHSMHSHS] )

» (H — hiosh) and (A — hiasa) mainly controlled by masses & mixing angle:

sy

EhipsHh = T
2v

PyP;

8hipsAa = T
2v

{[1=2(S5)?] (my = ) +v2v &u}

{[1-2(P3)] (m% — m2) + V2v ga} .

» (H — hh), (H — aa), and (A — ha) mainly controlled by masses and free
trilinears
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Z-phobic benchmarks

e Choose {(S%)?, (P})?} < 1 to suppress (D, — ZcDj) decays

e Assume perfect alignment (simplifies parameter space, little impact on BRSs)

Z-Phobic Visible (2b) | Invisible (£7) | Double Singlet
mp [GeV] 700
ma [GeV] 700
my, [GeV] 200
M [GeV] 200
my [GeV] 50
tan 3 2.5
(85" 0.1
(P 0.1
9@ix1x1 0 2.5 -
gpnsmpsys [GeV] 0 174
gpNsM 4s 45 [GeV] 0 174
gansmpnsmps [GeV] 0 174 6
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Z-phobic benchmarks: h, .+ (h/a — visible)

125
A— h125 a — bbbb Reach: [Ellwanger, Rodriguez-Vazquez ‘17]
L0 L0 B A= 700.0 GeV 21
mpy = 700.0 GeV|

EQ iE — 200.0 GeV| fg
0.8 —_ 0.8 1 my, = 50.0 GeVy 0.1 —
3 (S5)2 = 0.1 s
T HS = ( [SM pNSM pyNsM T
06 S 0.6- ,i-,:j?. = § fJSM ANSM gNSML 10—2 S
. + 2 axyu = 0.0 +
[ o— ] o tan 5 = 2.5/ g
— < <
0.4 vk o
< i <
L T | T
0.2 1070 2 -0t 2
[ Y L Yy

0.0 - . S 1072 e 10~5

400 600 800 1000 600
ma [GeV]
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Z-phobic benchmarks: h, .+ (h/a — visible)

125

A— h125 a — bbbb Reach: [Ellwanger, Rodriguez-Vazquez ‘17]

1.04 >1

=
0.8 01 =
5
T
0.6 e =
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nT 2
— &
0.4 ST
' <
S
0.2 1070 2
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Z-phobic benchmarks: h, .+ (h/a — visible)

125
H— h125 h — bbbb Reach: [Ellwanger, Rodriguez-Vazquez ‘17]
. ' — ' >
1.0 e ' =1 - By = 700.0 GeV =
e my = 700.0 GeV|
— = 200.0 GeV Téq
0.8 g & 08 500Gev WMol =
' ~ B (P3)? = 0.1 =
h,? G FJSM FINSM [TNSM T
0.6 (S = G FSM ANSM 4 NSML 1072 =
0.6 2 &5 | I, = 0.0 n
:/’E —; (23 i tan 8 = 2.97 8
— S i 4 =
0.4 08 4 U 1070 1
5 ae i S
' ' T
- T 0.2 -l t107Y >
L ) . b
: 2 ’
| -5 0.0 : : : : 1< 1075
00 = 1 0 200 400 600
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Z-phobic benchmarks: h

125

+ (h/a — invisible)

A—h a—=pyyxx

0.0
400

600
ma [GeV]

800

1074

olgg = A — hixs + (a = x1x1)] [Pb]

1079

(P3)°

0.0

Reach: [SB, Freese, Shah, Shakya ‘“17]

> 1

0.1
1072

olgg = A = hiys + (@ = xax1)] [pb]

;10_4

T ' T —— — < 10—5
200 400 600
mq [GeV]
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Z-phobic benchmarks: (H — hh), (H — aa), (A — ha)

Example: A > ha No Reach available
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Max Misalignment Scenario: H = h_,.h

125 125
e BR(H—h,h,,) i [GeV] 700
_ my [GeV] 1000
vanishes for alignment my, [GeV] my — 100 GeV = 600

e Assume ~maximal . l[gﬁv] 950

FRER 02 | 02 [ —-02] —02
" " S

misalignment allowed by Shias 05 | =05 | 0.5 | —0.5

5 0.3
data gusvpsmgss = 3M% 1, /v2v [GeV] || 1800 | 1400 | 1400 | 1800
e Forbid (H — hh) GFSM [7SM NSM = 3./\/1%’12/\/51) [GeV] || 1500 | 480 | —480 | —1500
’ ggsupsmps = M%13/v2v [GeV] 340 | —680 | 680 | —340
(H — aa) and (H — Za) grsmpnsmpgs = M%,,/v/2v [GeV] || =560 | —370 | —370 | —560
. . o(g9H) [pb] 0.96 | 0.018 | 0.36 | 0.097
by appropriate choice of BR(H — hisshizs) 0.032 | 0.35 | 0.15 | 0.016
BR(H — WW) 046 | 0.40 | 0.26 | 0.63
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Max Misalignment Scenario: H = h_,.h. .
Compare to current CMS/ATLAS limits in bbbb, bbyy final states
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Conclusions

e (@, —h, (Dj.) most promising?
o Large cross sections up to o(gg = @, — h_,, cDj) ~ 100 fb
o Presence of h_,. with known mass and BR'’s allows the tagging of events
o (@ — cbj @, ) needs work!
o Large cross sections comparable to, or even larger, than (&, = h_, cpj)
o Experimentally more difficult (maybe j=k is easier?), no sensitivity estimates
available...
e (& —h, . h,.)accessible in best-case scenario of ~ max misalignment and

suitable mass spectrum

o Could be complementary to direct h_,. precision measurements
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