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a SNEEIFe Higgs!
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<H,>,<H,> = <H>  tanpg
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<h> ~ <Hg,,>
<H,>
<H,>,<H,> = , tang
<H>
5 Physical Higgs _ _ _
bosons: SM: Only 1 Higgs which then acquires
a vev and leads to EWSB.

CP-Even: h, H
CP-Odd: A
Charged Higgs: H*-
ALIGNMENT
v/
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216 Gev .,s,-i,zp Recipe: :
< >—

<h> ~ <Hg,>

Hnspy = —cos BH,, + sin BHy

SM: Only 1 Higgs which then acquires <H;>=v cos B
a vev and leads to EWSB. <H,> = v sin B

This is what we want! = <Hgp> =V

Lighter (h) is 125 GeV SM-like Higgs. <Hysy> =0

P - 9
Additional ates can be Ilght. : ALIGNMENT
Haber and Gunion, ‘03, M. Carena, |. Low; N.RS. & C. Wagner, 13, A. Delgado, G. Nardini & M.

Quiros, “13, N. Craig, J. Galloway & S. Thomas, 13, P. Dey; A. Pilaftsis ‘14, M. Carena, H. Haber, |. Low,
N.RS.&C Wagner 14 & ’15

s Kz J/
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https://themindsjournal.com/quotes/a-private-relationship-means-nobody-knows/

2 2 a0 4q2
z : mf ~ N Usm A private relationship means
nobody knows your all business,
but everybody knows you are altogether.

Don't get it confused.

- HUNCHO FLAME | | TheMindsJournal

Oris it SECRET instead !?!
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R. Porto & A. Zee ‘07 + follow ups

Ve~V H,~Hgy = Hyoc Ly, ~M;HH; — A SSHIH,
Usual negative mass squared terms to induce EWSB

Additional singlets w/ masses and vevs ~ v. ng & 12 f#t
t )

Assume My > m;

“Scalar see-saw” mechanism:

mg~vg S T T 7777 X v3

Hierarchy: Y = Vg~ M_tz

9R

: V\S A z
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Ly, ~MZH H; — 1 SSH}H, Pheno??

f

Ut
. M_]g _

Y. BenTov & A. Zee '12

2 —
ﬁthg = - (1 — Ft%> thb + h.c.
b

Hi~Hgpy = Hy3s

[Many singlets ~0O (100 GeV) floating around...]
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L 32( fJ Hz,¢'bj +1,b“S“qR)+hc

gH) 5(Q:,Q;5)
AN \II(QZ,HJ 7u)
/ \\ For each H,,; coupling to u-type quarks: Zf’“'
—,(Q:) (Qg JH ju) For each H;; coupling to d-type quarks: Zf‘“
Up

3 Additional Singlets S/ with vevs s; ; = s;;

6 singlet Vector-like Quarks W% with masses M; ; # M; ;
i #]
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(QJ,HJ,U)

A11Vy A120c12812 A21V:(21821
LMy Misyme Moqzmy
A21 Uy 021521 A220¢ A23V¢ 23523
Moi1xme, YMe Maozzmy
A31Vy Q31531  A32Vc(32532 A33V¢
Ms1xme, Mszoyme zZme

o= L+ (0 + (2
v= /I G+ ()’

2= L+ () + (e
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(ACtua I Iy VCKM-l)

A11Vy A120c12812 A21V:(21821
My, Mlgymc lezmt
A21 Uy (021521 A22¢ A23Vt (123523
Moi1xme, YMe Maozzmy
A31Vy 31531  A32Vc(32532 A33V¢
Ms1xme, Mszoyme Zme i
0.97446 + 0.0001

\Vexm| = | 0.22438 + 0.00044

0.0089610 00053

0.97359

0.2245 £ 0.00044

+0.0001
—0.00011

0.04133 £ 0.00074 0.999105 £ 0.000032

My = My =~ 45,

Mys = M3zy = 25553

M31 ~J 265331, M13 ~ 115813
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0.00365 £ 0.00012
0.04214 £+ 0.00076

Learmn
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Z

Diagonal matrix C:

i [xe 2 Non-universal, but still diagonal in original basis
S sin OwQZJ#123 M2 VJ’ £ ¢
ng‘f’ = 9p % 1= T3 — sin?0,,Q —_—
2q;Cq;

After rotating to mass basis ...

TR— g* = VergmuCVipn, | # 1

M23 ~ M32 ~ 25523

M31 ~ 265531, M13 ~ 115513
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Precision Higgs/SM physics?

Dark Matter connections?

NAUSHEEN R. SHAH // CATCH22+2

Fij
M3 ~ M3y = 25553

M31 ~ 265531, M13 ~ 115513

Explore

Sl-j~100 GeV

My, > TeV (exce@
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SM works beautifully...

But it’s a pretty RIDICULOUS model!!

Hypothesize an at-least-as-ridiculous(!!!) BSM model.
Seems rather difficult to probe...

NAUSHEEN R. SHAH // CATCH22+2 May 4, 2024 // Slide 20 m@%



