MASTER COLLOQUIUM: SUPERSYMMETRIC FOUR-HIGGS DOUBLET MODELS

Franziska Lohner

November 3, 2023



WHY SUSY-4HDM?

> ATLAS und CMS found excesses in the experimental data potentially corresponding to a scalar at
~ 95.4 GeV:
(A) pp — ¢ — v [13, 8]
(B)ete™ — Z¢p — Zbb

> excesses potetentially corresponding to a scalar of ~ 400 GeV:
(C) A— tt[6, 15]
(D) ¢ — 7777 [6, 1]
(E) A— ZH [6, 14, 2, 3]

» need Higgs sector analogous to 2HDM type IV to embed these in a theory

— supersymmetric four-Higgs doublet model
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SCALAR POTENTIAL

» 4 Higgs doublets with neutral and charged components [11]

H* HY, HY H?
we() (i) () me-(R2) o
’ H ! Hyo Hy Hge
» parametrization of neutral component HY = \i@(vk + nk + ixk) [4]
> scalar potential for Higgs field [7]
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DERIVATION OF THE MASS MATRIX

> vacuum expectation values [7]

2M>
Vi = - - cos 8
V(g2 +d?) - (1 +tanw?)
Vo = /2MZ -tanwsin«
V(9?2 +9?)-(1 +tanw?)
y 2Mz in g
a1 = - - sin
V(g2 +g?) - (1 +tanw?)
2Mz - tanw cos

V, =
& AP +9?) (1+tanw?)

, 2 _1__ v
> mass matrix elements MZ; = 3 557 57— [8]

» minimalization conditions %Vi =0[7]
> deviations from results in A Private SUSY 4HDM with FCNC in the Up-sector
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MASS SPECTRUM FOR CP-EVEN NEUTRAL SCALARS

Mo = o+ AME[1s22 — sz~ 124 Sz,
M1 = %Am - %/\/@ %Siso% +s5¢% — %c&d},

Mgz = %Adz - %Mé :sicf)tf} + %s%cg 82— H’
Mgy = %Auz + %Mﬁ :Sisf, - %s%ci + %Czw},

Mgt = *%Mgszﬁcf, - %b121,

My 4o = —%Méswcaclgcw — %bfg,

M3y = —%Mgsa%swcw — %b%,

mc212u2 = _% MESQSEJC& - %bgzv

2 L 1/, .
Mytuz = ZMZSaSwCBCw 5 <M11M21 + M12M22),

1 1 * *
m51d2 = Z %S,Bswcacw + é <M11:U'12 + M21M22)-
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MASS SPECTRUM FOR CP-ODD NEUTRAL SCALARS

m2, = b2, cot B + csc ftanw (b21 cosa — (p11 12 + pot poz) sin )
mb, = b tan B + sec Btanw (bfpsin v — (11121 + pazpe2) sina)
M3s = b3, cot v + csc f cotw (bl cos 3 — (1112 + piz1pize) sin )
ma, = b, tan a + cotwsec a (b21 sin 8 — (1121 + p12p22) cos B)
mity = by,

2 — * *
Mz = Ky1f12 + Hp1[22,

2 * *

Moy = pyqpir2 + floq 22,
2 _ 42

M3y = bao.
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MASS SPECTRUM FOR CHARGED SCALARS

mé; = tanw csc B (bo cos @ — (1112 + p2t p22) sin ax)
g'2M2
+ by cot 5 + 4g w (cos2 3 cos® w + cos(2a) sin? 6) ,

2
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g°m
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/212
Miy
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212
Miy
4g°
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MASS SPECTRUM FOR THE CHARGED HIGGS

1

My = by + 8—929/2M§V sin(23) cos? w,
22
Mg = 11z + pzi o2 + gggzw sin asin S sin(2w),
212
mé, = by + 8g2W cos arsin (sin(2w),
2 2
mbg = bz + gggzw sin « cos (sin(2w),
212
w

m§4 = [1121 + [12flo2 + g cos a cos [ sin(2w),

892
"2M2
Ma4 = boo + g8gzw sin(2a) sinw.
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COUPLING OF THE CP-EVEN NEUTRAL HIGGS TO GAUGE BOSONS

> derivation of couplings from the covariant term in the Lagrangian

Z, W+ H. Z, W+

Z, W- H’ Z, W-

> lightest Higgs boson seems to have highest value for coupling to the gauge bosons — potentially
necessary to add a scalar for inclusion of the 95 GeV-Higgs
» coupling of two different Higgs to gauge boson(s) vanishes
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SUM RULE FOR GAUGE BOSON - HIGGS COUPLING

» Sum Rule [9]

» for HWW-processes £ D %2 PO Z;; EiviHiWT W~
> to prove sum rule, show that

4

> (e =

i=1

> take the square and use the unitarity of the rotation matrix with entries ;;

v

result:

4 4

Z(iff/wf: >_vi=viO
=1

i=1

» proof analogous for HZZ-coupling

(38)

(39)
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Z>-SYMMETRY

» Z,-symmetry to prevent FCNC at tree-level
» implementation [10]: Hyp — —Hpo

® izt + pippie2 = 0and bpj =0 forj=1,2

> exact Z, symmetry lead to an additional U(1)-symmetry for H,» in the potential — additional
(unphysical) Goldstone bosons

2

V=" (i P + el + ) (HGP + [HG ) + (il + i + ) (HGP + [Hz2)]
i=1

+ (151112 + piae pio2) (HITHGp + Hyy Hap +CC} [Z b3 (H Hy — H2I)+C-C-]
2 | g2 . _
+ g [ UM P — IHG P + ) )]+ [ZIH* HEy -+ HY Hy 2

= 0D (MBI~ 1HGP) (MG P — Hy ) .

> soft-breaking by setting any of the parameters uj, 21 + pispo2 # 0 0r boj # 0
® best results for setting both bilinear terms b ~ mg, therefore b ~ 1000 GeV [12]
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MASS SPECTRUM PLOTS
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Figure. Dependence of the four mass eigenvalues of the CP-even (I) and CP-odd (r) neutral Higgs with a
softly-broken Z,-symmetry on the mixing angle «. The parameter-space is fixed at p12 = 100 GeV, u21 = 100 GeV,
p2z = 100 Gev, b2, = 10002 GeV?, b2, = 10002 GeV?2, a = 0.38, 3 = 0.45. The soft-breaking is achieved by setting
b3, = 1000% GeV? and b3, = 1000? GeV2. The colors indicate the different Higgs particles Hi 2 3 4.
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MASS SPECTRUM PLOTS
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Figure. Dependence of the four mass eigenvalues of the charged Higgs with a softly-broken Z,-symmetry on the
mixing angle a.. The parameter-space is fixed at 112 = 100 GeV, p21 = 100 GeV, oo = 100 Gey,

b3, = 1000% GeV?, b?, = 10002 GeV?, a = 0.38, 3 = 0.45. The soft-breaking is achieved by setting

b5, = 1000% GeV? and b3, = 10002 GeV?. The colors indicate the different Higgs particles H 23 4.
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SUMMARY AND OUTLOOK

Summary Outlook
» special cases to derive

» mass spectrum for the
Higgs sector Higgs
bosons

» Coupling of CP-even
neutral Higgs to gauge
bosons

» sum rule is fulfilled due to

the unitarity of
eigenvector-matrix

» lightest Higgs boson H;
has mass my1 < m»
» implementation of a

Z>-symmetry to restrict
tree-level FCNC

analytic solutions for the
mass spectrum
higher-order loop

corrections for
numerically stable results
study SUSY particle
sector

Yukawa sector —
hopefully: explanation of
excess at 95 GeV (and
400 GeV)

— addition of a singlet?!

study FCNC
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Danke fir ihre Aufmerksamkeit!
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