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Introduction
Two Higgs doublet model (2HDM)
Charged Higgs production at MuC.

Heavy Higgs Resonance effects on SM processes:
uwrpuT — Zh, tt, W W~ hh...

Conclusions
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Introduction:

@ MuC results complementary to the other projects such
HL-LHC, FCC-ee, CLIC ...

o At MuC with: /s = 3-30 TeV, £ ~ (gpy)? x 10% fb~!
A total of 1/2million Higgs bosons will be produced at the
3 TeV MuC: It's a Higgs factory
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HL-LHC | HL-LHC+10 TeV | HL-LHC+10 TeV+-ee

kw | 17 0.1 0.1
kz | 15 0.4 0.1
kg | 23 0.7 0.6
Ky | 19 0.8 0.8
kzy | 10 72 7.1
e - 23 1.1
kb | 3.6 0.4 0.4
Fu | 4.6 34 32
ke | 1.9 0.6 0.4
ke | 33 | 31 31

1o sensitivities (in %) from a 10-parameter fit in the x-framework
at a 10 TeV MuC with 10 ab™!, compared with HL-LHC.
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2HDM:G. Branco et al Phys rep'2012

o _ oF e 2
Tl s ria) )0 T et tia) |

The most general potential for 2HDM:
V(®1,®2) = midld; + mddid, + (mf,dlds + hoc)
1 1
+ §A1(¢}¢1)2 + §A2(¢§¢2)2 + A3(D] ) (Dhds)
1
+ FA(@]02)(9101) + S [As(®]02)% + e,

Spectrum: 2 CP-even h and H: m;, < my, CP-odd A and a pair of
charged Higgs H*
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Decoupling limit of the 2HDM

From the 2 minimization conditions:

1 1
2 2 3 2
misVo — myvy — 5)\1V1 - 5)\345V]_V2 =0

1
2 2 3 2
miovi — MyVvo — E)\2V2 — 5)\345V1 Vo = 0

mf and m% can be eliminated in terms of A;, v1 and .
CP-odd and charged Higgs sector:

H sinBcos3 2 A
2
mio 2
= — A
A sinfcos3 >
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CP-even Higgses:

1
M121 = (M cos4ﬁ+)\gsin4ﬁ+§)\345 sin® 2B)v2,
Mz, = (—Arcos® B+ Apsin® B + Aggs cos 23) cos Bsin v,
m? 1
M2, = —12 4 Z(\1+ )\ —2)\ in%28v?
22 sinBcosB+4( 1+ A2 345) sin” 26v7,

The mixing angle o — (5 :

tan2(a — ) = lezzz —0 for miy — oo,
Miy — M3,
and
mfy = cos’(av = B)Mi; + sin2(a — B)MF, + sin*(a — B)Ms3,,
m: = sin(a— B)MZ —sin2(a — B)MZ, + cos*(a — f)M3, < m?,
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2HDM at LHC

ATLAS
VS =13TeV,36.1-139 b1 [ k Obs. 95% CL
mj = 125.09 GeV -== KExp.95% CL
2HDM Type-Il -==' SM-like coupling
« 10! T
<
5 ‘<\
100F |
o1 . ‘
10 -0.3 -0.2 0.2 0.3
cos(B — a)
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Yukawa textures

The Yukawa Lagrangian:

m - m - m _
Ly = Y (CLRLPOH + TERDpH — il ks A ) +

Y=u,d,l
V, d — A A m//fA _
(\/%V a(mykl P+ mgkiPr)dHY + \[T\’/VL/RW +H.c.
k| kg | sf [0 [ G Kf
Type-l | sa/sg | Sa/S3 | Sa/Sg | cotf | —cotB | —cotf3
Type-ll | so/sg | ca/cp | cafcs | cotf | tanf3 tan 8
Type-lll | so/s3 | sa/sg | ca/cp | cotf | —cotf3 | tanf3
Type-IV | sy /s3 | ca/cs | Sa/sp | cotf | tanf3 —cot 8
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LR

Type-l | sa/sg | Sa/S3 | Sa/Sg | cotf | —cot3 | —cotf3
Type-ll | so/sg | ca/Cp | Cafcs | cotf | tanf3 tan 3
Type-lll | so/sg | Sa/Ss | Cafcs | cOtS | —cotf | tan /3
Type-IV | so/sg | ca/cs | Sa/sp | cotf | tanf3 —cotf3

mH7A7Hi =2 TeV, COS(B — OZ) =0

] ) th

= 107'F

Br(H/A

107 > 10 20 o 10

tan 3
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@ Stability of the 2HDM potential requires that it should be
bounded from below, i.e. that there is no direction in field
space along which the potential becomes negatif.

A>0, Ao>0
)\3>—\/)\1)\2

A3+ min(O,)\4— | A5 |) > —/ A2

@ The vacuum of the model is global one if and only if:
m3,(m3; — k?m3,)(tan 8 — k) > 0 L k= ,4/%

@ Perturbative unitarity: VL+ Vi — VL+ Vi, hi hj— hi hj ...
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@ 2HDM spectrum and constraints: 2HDM-Calculator

e HiggsBounds and HiggsSignal
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Charged Higgs production

Various direct production modes:
o DY: ptpu~ — H*HT

- H-- -
put ot o
,,,,, « Y
b H O HY v, Z A HY H*
W N < — B
I
(di-d2) (ds-ds) (ds)

Br(H* —t*vy)
05 06

1~ annihilation
T T T T
@ PO
= 1008 LR 1T
Q — W o HA
=
i
b T
+ 9
1003
:f S
. H
e g
A 5
3 1002
S
cos(B—a) =0
= 12511 GeV, myy = my = my
. . 1
200 400 600 800 1000 107 10 15 20 25 300
my+ [GeV] Vs [TeV]

/s = 3TeV, 2HDM type X
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Charged Higgs production

o utu~ — WHEHT offers the possibility of searching for my.
up to v/s — myy in contrast to the pair production which
probe up to /s/2.

o At ete™, eTe™ — WTHT is loop mediated (rather small)

° At MuC: ptpu~ — WiH¢

o [L H‘ ut - #*ﬂq' TEr
***** < !\W .
}L

(dr) (d2) (ds) (da)

tanB
0 s

2x0(UTUT —H*W™)[fb]

200 400 600 800 1000
my+ [GeV]

s = 3TeV, 2HDM type X
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Charged Higgs production: p™pu~ — W*HTS

Type X Type X

10°

2x0(u* == H* W-H) (fb)
2xolut p=- H* W-A) (fb)

a 5 6 7 8 9 10 a 5 6 7 8 9 10
VS (Tev) Vs (Tev)
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Charged Higgs production

@ Production in association with fermions: p*p~ — HY7v and
uwtpT — HTtb

i o e
(dr) (ds) (ds)

BR(H*-T*v,)
— -
10t
s g
= 100 =
7 7
b3 b3
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b i
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Charged Higgs production

o VBF: utpu~ — W*W* — vvHTHT

€ e € —
w o
w wiy v, Ho | S
T Sl
w " T e
. wy o+

(@) (b) (© (d)

ole* e =H*H ~veb,) [fb]
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Heavy Higgs Resonance effects on SM processes

The parton-level cross section for resonant H/A production is:
47Tr%_,/ABr(H/A — utuT)

(Chs ’"%4/A)2 + r?—I/AmI%I/A

o(pn” — H/A) =

@ Having /s near H/A resonance, would allow to measure
properties of H/A.

@ If sufficient precision on beam energy is achieved, one might
be able to separate H and A resonances.
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Heavy Higgs Resonance effects on SM processes

The parton-level cross section for resonant H/A production is:
47Trf_,/ABr(H/A — utuT)

(Chs m%—I/A)z + r%—I/AmI%I/A

o(utu™ — H/A) =

@ Having /s near H/A resonance, would allow to measure
properties of H/A.

@ If sufficient precision on beam energy is achieved, one might
be able to separate H and A resonances.

my = ma (GeV] BR(H—~ ™)
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—1[(c3a—p +3¢a15) Brta ~ —, . m
\2HDM a atf) 2 402 o =2 2 M
hO RO KO 4y 528 h B—a 12 ) 12 spce
i +i(4n~q2 —3m)é% , B—a=7/2+0
2v 4v 12 h ’
\2HDM . TCB—a |y 2a _ (3% 4
HO O pO oy (2mio + M) 53 ( 23 )iy
0 ~ -
= (3m12 —2m3 + 4(m3, — m?) cot(26)d + ...)
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ZZh xsg_o , AZhx cg_q

BR(A— hZ)
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utpm - VES*—tt,V=2,v,5S=hHA

olu* u~ -t [fb]
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ptpm — A H* — WEHT | ptpy= — A* — ZH
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Conclusions

@ MuC offer new opportunities for direct production of heavy
particles (extra Higgses, SUSY particles, new heavy fermions

)

o Charged Higgs can be copiously produced at the MuC

@ Heavy Higgs resonance effects on SM processes:
uwrp~ — Zh, tt, W W~ hh...

@ At MuC its possible to discriminate between Yukawa textures
of the 2HDM
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