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The Standard Model of Particle Physics

Quarks

Spin1/2
Charge 2/3 : Up type
Charge -1/3: Down type

Leptons

Spin 1/2
Charge-l:e, 4, 7
Charge O: Neutrinos

Gauge Bosons

Spin 1
Charge0O:g,y,Z
Charge £1: W

Higgs Boson

Spin O
Charge O



Why are elementary particles massive?

The Higgs mechanism
explains why
fundamental particles are
massive.

19.710" (8 TeV) + 5.1 b (7 TeV)

35 CMS S/(S+B) weighted sum
¢ Daa
——— 548 fits (weighted sum)

massless

S/(S+B) weighted events / GeV
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Why are elementary particles massive?

The Higgs mechanism
explains why
fundamental particles are
massive.

The Nobel Prize in Physics 2013 was awarded
jointly to Francois Englert and Peter W. Higgs
"for the theoretical discovery of a mechanism
that contributesto our understanding of the
origin of mass of subatomic particles, and which

recently was confirmed through the discovery of _197t'@Tev +s.1t' @ Tev)
the predicted fundamental particle, by the ATLAS s+ weighied sum

and CMS experiments at CERN's Large Hadron — s wograd s
Collider"

-
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05F M, =124.70 « 0.34 GoV

Higgs field aoof |
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Why are fermion masses so different?

Fermion mass hierarchy:
At least 6 orders of magnitude

top mass = 170.000 x up mass

Neutrino 1 - Neutrino 2 - Neutrino 3
Electron - Muon @ Tau
Down - Strange @  Bottom

Up - Charm ‘ Top
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Hierarchies —» Fundamental Structure
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Take a lesson from history

Hierarchies —» Fundamental Structure
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Take a lesson from history

Hierarchies —» Fundamental Structure
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Take a lesson from history

Hierarchies —» Fundamental Structure
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Why are elementary particles so different?
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Theories of Flavor

1. Loop Induced

[Georgi, Glashow 72]

2. Extra Dimensions
[Grossmann, Neubert 9912408]
[Gherghetta, Pomarol 0003129]

3. Partial Compositeness
[Kaplan ‘91]

4. Froggatt Nielsen

[Froggatt, Nielsen ‘79]

i l[ b

|




Can we discover this mechanism?

_ g\
Illustration: Y tHt + yy (X) bHb + ...

Planck Scale

_ 119 |
<S>:f - ybzeyf Mpl—lo GeV
f A
and € = K = 0.23 f
Electroweak
In general, the flavor scale can be Scale o
arbitrarily high! v =246GeV

R eSS



Why should the flavor scale be low?

- Why not? Talk By Tason Baldes 14:15
phil16

- Alink to Baryogenesis?
- Alink to Dark Matter?

« |t could be related to the electroweak scale



Why should the flavor scale be low?

- Why not?
- Alink to Baryogenesis?
- Alink to Dark Matter?

« |t could be related to the electroweak scale



Flavon Potential

Scalar potential leads to a flavor breaking minimum

—Lpotential = —pg STS + Ag (S79)? +b(S5? + 5™) + Ags(STS)(H'H) + V(H) .
\_/ Breaks the flavor symmetry

S(x) = f+ s(x\)/;—za(x)

Two degrees of freedom

With masses
ms = /2 —2bf
mg, = V20

Mg < mg~ f <A



Yukawa Couplings

Yukawa couplings for quarks and leptons

Exponents are fixed by U(1) n, = ag, — aq, — amg
flavor charges. nd = ag, — ay, +an



Masses and Mixings

(V) mb 3

my <~ ——= — N €
\/@2 m
m m
z; mt

and Mixings
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Masses and Mixings

v mp M Mg my My,
— —%63 —%64 —ze‘r) —%67 —%68
\/§ my my my my my
m m m m m m
7%63 ,u%€5 6%68 V1%€24 V2%€21 V3%€20
TN ¢ ¢ (% ¢ (e%;
and Mixings

After fixing the ratio of scales there are 2 free
parameters: T T




Flavon couplings

Flavon Couplings are dictated
by this structure

! 8m, €em. €my

U 3 2
Gaij = ? eme 4dm. €“my
e5mt eth 0
1 Ime emy, em;
Lo —— | m3 5m ’m
Gaij = po €M

w
/ e€m, €m. 3m.,

small....potentially very
small!

Tmg €ms €>my

ems Dms €my

€My e2mb me




Flavon couplings

Flavon Couplings are dictated
by this structure

! 8My,

gCL’L] _— ? 6 mc 4mc ':.';\ !
e5mt € TNt

e 1 Ime emy, em;
_ 3,3 2

Joij = 7 | €My, omy €ms

w
/ e€m, em, 3m,




Flavon couplings

Effects from flavon interactions lead to

e Quark Flavor Constraints
e Lepton Flavor Constraints

e Future Collider Constraints



Flavon couplings

Generate fundamental Yukawa couplings at the high scale and
reproduce fermion masses and mixings in agreement with the
SM.

my, = (0.00138,0.563,150.1) GeV ’ (0-974 0.226 0.0035)
ckm| —

0.226 0.974 0.0388
Mg, =— (0.00342,0.054, 2.29) GeV 0.011 0.037 0.999

Demand  |y;;| € [0.5,1.5] with arbitrary phase.

—0.84 +0.260 —0.64+0.32: 1.35 — 0.24¢
0.98 —0.902 —0.84 —1.202 0.75 + 0.652

( 0.34 +0.827 —0.23+0.697 0.41 — 0.437;)
Y, =

0.034+0.722  0.50 — 0.34¢ 0.6 — 0.102
YYo= 1.12-0.14: 093 —-0.54: —0.31 — 0.65¢
—0.16 +0.6¢ —-0.73+0.34:  0.84 + 0.61¢



Quark Flavor constraints

erc, Amp MR =0V (@ na)? + CF (@ruap)’ + Oy (@hap)® + Oy (@ ap)’
+CY (qha)) (@4 ak) + CF (@5 v q)) (Ta"ak) +hec.

10%
1 1
a. s . sd o AF )2 o
w (> C3* = ~(g5,) (mg mg) ,
1 1
sd 2
_ 02 _gsd (mg T mg) ’
g 10° Crsd 9sd9ds 1 1
<~ f o 2 m? i m2
' Run down and match
o <KO|HAF:2|KO>
2 A T R T B A : A Y € —
902 10° 10* o Im(KO[HEE=?|KO)

m, [GeV]
UTFIT C. = 1.057055 @95% CL,  Ca,  =093"31 @95% CL

mg



Quark Flavor constraints

€K, Amg
Varying the scalar quartic
104 - 10% ¢
: As =2 N M >< i
N | \\
\
I LY
EN
N
N\
] - E
_ > 2
= O MR
ﬁl 103 :’_-_~ S g 103 L& \‘| ————————————————————— -
= E ~~~~~~~~~~ S~ B el
i S - L/,
- Amy projected i
)_
_ AmK -
L -
2 . | L L L1 | - | L - | L 1 L1 1.1 102 -+ = - I S = —" B
10102 103 10% 107 10° 10*
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Quark Flavor constraints

B; — By B, — B, D—D
10* - 10* - 10*
. By <+ By - B, < B, F
Ag =2 i Ag = 2 i S
"D t D |
e
= >
10°F 5 0 & 10°
: . - ™y -
[ Cp, projected o projected____
29 N
- U, L
| / o i ]Mlgl(ps_l) € [0,002]
2 A 00 T T R 2 L R R B A W L1
02 103 10 107 o 10102 103 10*
mq [GeV] M [GeV] m, [GeV]
o9, = _ +0.36 6.4
o 2ies (B,/HAT=2|B,) Cp,=1.07"y3  Q95%CL, v, = —2.0705 @95%CL,
B (& qQ — — — 1
g (B |H&E=2|By) Cp, = 1.05270155  @95%CL,  pp, =0.7213% @95%CL,

Using recent Lattice results



Quark Flavor constraints

BR(M — 0f) =

8o

BR(Bs — ptp™) =2.870% x 1077
104: By — it~
7!
M :>> -------- <<:M
103}

107

102

10°
mq [GeV]

10%

G4 M
Wﬁ( M) My famiTur {
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Quark Flavor constraints
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Top decays

LHC 8 BR(t—ac)<5.6x1077

LHC 14 BR(t — ac) < 4.5 x 107°

100TeV BR(t = ac) < 1.5 x107°

10*

102
107

t — ac

mg [GeV]



f[GeV]

Lepton Flavor constraints
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f [GeV]

Lepton Flavor constraints

Leg = mp C7la? Ppl Foy 4+ mp CF Lo Prl F,y .

10% ¢

103t
- Mu3E phase 11
Mu3E phase |
«f"'
K current
102 1 1 1 1 11 1 11 111
10° 10° 10*

mg |GeV]

BR(7T — 3u) < 2.1-107°,
BR(7T — 3e) < 2.7-107%,
BR(p — 3e) < 1.0-10712.

Mu3E will improve this by 3-4
orders of magnitude!



Lepton Flavor constraints

Lot = Coo” €7 PLpqyng + mumg Cor €Priugq + myasCl ePrit GG + R <5 L,

Nu — Ne

102 1 1 1 1 1 L1 11
102 10°

m, [GeV]

10*

Sindrum Il BR(p — e)* <7 x 1071

DeeMe BR(p — e)” < 2 x 10714

COMET BR(pu — €)™ < 6 x 10717



Lepton Flavor constraints

Golden Age of Lepton flavor violation:
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Future Collider Searches

Branching Ratios
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Future Collider Searches

Branching Ratios
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(Future) Collider Searches

Production Cross
Sections at LHC

10t ¢

V5 =8TeV, f=500GeV |

10° :—

9
b
p
b

Vs =14TeV, f =500 GeV |




Future Collider Searches

b b
Production Cross .y >a
Sections at 100 TeV b b

The huge
background and
the BRs make
decays into taus
and bs hopeless!




Future Collider Searches

g t g g g C
: z }/ t
: B
U d Y t c t
e 2 same-sign leptons(+) (2 hardest ones) with pr > 10 GeV, |n| < 2.5 Riso = 0.2
e if there is a 3rd lepton of different sign, veto events with |m£§ss)e(ds) —my| < 15 GeV

e require for hardest jet pr > 100 GeV

o b-tagging: partonlevel b within R < 0.3, assumed efficiency 50 %

e require for the remaining jets /N, > 2

° pT > 50 GeV

e minimize Ry, + Ry,p, to define (¢b); and (£b),
e minimize Ay((¢b);,j) to define (¢bj) and (¢b)

e calculate myo



Future Collider Searches

e b-b distinction
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Future Collider Searches

e b-b distinction

g C
%\‘\\}/ t

conservative e, = 0.2,¢; = 0.06 c ;

optimistic

ep = 0.2, ¢5 = 0.01 107

mg |GeV]



Future Collider Searches

e Next generation lepton 10— - ——
flavor experiments will cut j \“@& V5 = 100 TeV, Ag = 2
deep Into the parameter \ 7 9% CL

space N\

f1GeV]

e A 100 TeV collider isour & w0}
first semi-realistic shot at |
discovering a tlavon

----------
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-
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oD < )
4
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Why should the flavor scale be low?

- Why not?
- Alink to Baryogenesis?
- Alink to Dark Matter?

« |t could be related to the electroweak scale



Why should the flavor scale be low?

- Planck Scale

Mp; = 10%° GeV

- Why not?

- Alink to Baryogenesis? A

- A link to Dark Matter?

L e

« |t could be rl tteeet[oweak scale




Flavor from the Electroweak Scale?

S\" _ HIH\" _
Yb <—> QrHbr — yb( > QrHbR

A A2
with vy (5 — 6)
€ = = — ~(0—06)v
2A2 (7,
wo drawbacks: Babu 03300]
* The flavon is a flavor singlet [Giudice, Lebedev 0804.1753]

 The coupling to b quarks is

ghbp X 33— F(h — bg) ~ 9 X F(h — bB)SM
(V)



Flavor from the Electroweak Scale

S\ H Hy\™
Yo (K) QrHbr — yb( AQd) QrHabr

. VuUd M tan
th — = — = A= (-6
Wi € A2 - ( )U\/1+tan26

tan 0 = O(1), A= 1TeV



Flavor from the Electroweak Scale

H o Hg\ ™0 H Hy\ @0~
Lyuk :y% ( A2 ) QiHuuRj —l—yzdj ( A2 ) Qinde + h.c.

11 Flavour charges, 8 + 2 conditions

Vy mp  Mc 1 s 2  Md Ty 3
my ~ — , — R — e, — e, —_ N e .
V2§ omy oy my Mg 1k
I 1 €
Vokm = |1 1 i my = 172 GeV
€ €
| | mp ~ me ~ 2.9 GeV
A rescaling freedom remains m. = 50 MeV
o —1, BT 2,  ay =-2, ag=-—1, m,, = mg ~ 1 MeV
as = 2, A — O, Qs )
ag, = 0,



Higgs Couplings

» Couplings are rescaled  guvv = kv gty Gnhff = Kf Ghry

e To W,Z ftixed by gauge symmetry:

Ky = sin(f — «)

IITHDM  COS K
e o the top: Kt = Ky = —

Higgs Production like t ’ g

in a 2HDM of type |l t - 4 2___%
vV

t q



Higgs Couplings

e Jo the bottom:

ITHDM _

Ry,

SIN o COS (v




Global Higgs Fit

We performed a global Higgs fit

to 8 different channels at ATLAS

Oprod 1'h—sXx Fh tot

v =
& C V] S 8 S]lr\c/)ld Fh—>X I'h
Decay Mode | Production Channels Production Channels Experiment
Ogg—h> Oti—h OVBF,; OVH
h— WW* | pw = 1.027922 [17] pw = 1271823 [17] ATLAS
pw =~ 0.75 4 0.35 [18] iy =~ 0.7 £ 0.85 [18] CMS
h— ZZ* py = 17152 [19] iy = 0.313:0 [19] ATLAS
pz = 0. 8+8 §2 [20] pnz = 17752 [20] CMS
h — vy 1, = 1.32 4 0.38 [21] 1y, = 0.8 £0.7 [21] ATLAS
iy = 1187037 [22) py = 116798 [22) CMS
h — bb py = 1.5+ 1.1 [23] pp = 0.52 & 0.32 £ 0.24 [24] ATLAS
pp = 0.67T 152 [25] 1y = 1.0 £ 0.5 [26] CMS
h— 71T pr = 2.0+ 08755 £0.3 [27] | pr = 1.241572 1055 £0.08 [27] | ATLAS
iy =~ 0.5705 [28] pr =~ 11757 [28] CMS




Global Higgs Fit

ATLAS CMS
67 ] 67 “““““““““
5 5
: :
Q. Q
g8 3 - 8 3
- =
2 2
1 1
O T o\ \\\\\\\\\\\
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Cos(S—a) Cos(S—-a)

20




Flavor from the Electroweak Scale

Universal function

Sa

h _ Ca
f (aaﬁ)_ 85 CB



Flavor from the Electroweak Scale

Co g,
9hd;d; = <— -+ ndifh(@>5)>
Sq v
d; md;
Ghd;d; = (Qi] . . Dzj) (. B)



Flavor from the Electroweak Scale

q

q
Ind;d; = 9" (e, B) (%)Zj + (e, B) {Qdy (_
gua;a; = G (a, B) (%)ij + F%(a, B) {Qdy



Constraints from Meson Mixing

I M4~ 500GeV

0
-1.0

R — —

—0.5 0.0 0.5 1.0
Cos(S—a)




K’ — K" Mixing
q
>_zz_,_lsf_,_f_1__ L ox Mg [ e B)? | FM(a, )
. N v2 ms Mz

My 4~ 500GeV [

10 -0.5 0.0
Cos(S—a)
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0.5
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— 80




K’ — K’ Mixing

>__h_,_fsf_,_4__ LG [ p)? | FP(e,8) | Fi(a,f)*
~ G L/

T >
2 2
my, M;, 17
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— 80

Qd ~ 52 2 g D ~J IS IS5 IS
e ¢ 1 e g2 g2
esd = gtip? Mp1.a = 500 GeV
~sd 2 2
Co" = emy
sd 3 __2
c,’ = e°my;




BY — B! Mixing

> b, H, A ¢ [ M, p)?  FH(a,8)* | FAa,B)*°
""""" N 5 9 > | M2 —
h

my,
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haHaA C’i (fh(a7 )2 | FH(Oé76)2 FA(O%ﬁ)Q\
V2 ms | M? - M=%

2 g2 ¢ —1 e ¢
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il = 2

Cos(B—a)



Flavor Bounds

M =700 GeV r
M = 600 GeV

M = 500 GeV |
M = 400 GeV )!

10% Contours




Flavor Bounds

e Contributions to rare leptonic decays depend on the
lepton flavor sector

e Bounds from Loop induced processes like b — sy put
constraints on the mass of the charged scalar

Mpy+ 2 358 (480) GeV  @99%(95%) CL [Misiak et al. 1503.01789]

e Neutral Scalar contributions are typically much smaller
A4

4 my Vip Vi

b h g mbf(&75)€

A

b

~ O(10% — 10°)



Decoupling and EWPM

e The global Higgs fit (and Flavor bounds) demand sizable cos( — «)
e Flavor bounds demand heavy extra scalars

tan 3
700 6
M4 = My = 600 GeV
650
5
600
% 550 4
Q
= 500 \
NS 450
2
400
0.0 0.2 04 0.6 08 1.0 1
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Collider Searches for Heavy Higgses: H — ZZ

M = 600 GeV
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Collider Searches for Heavy Higgses: H — ZZ

CMS upto5.1 (7 TeV) + up to 19.7 b2 (8 TeV) M = (500, 600) GeV
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Collider Searches for Heavy Higgses: A — Zh

o x B(A = Zh — lbb) [fb]

oxBR(A—Zh)xBR(h— bb) [pb]

A — Zh — IIbb L=19.7 b (8 TeV)
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M =600 GeV

07““ - : L
-1.0 -0.5 0.0 0.5 1.0

Cos(5-a)

o(gg — A) x Br(A — hZ — {T47bb)

EE—




Finite Width Effects
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Final Plots

My =My =600 GeV, Mg+ = 450 GeV Ma = Mgy =500 GeV, Mg+ = 360 GeV
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Generalizations: Type | and Type ||
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Conclusions

 Electroweak scale flavor symmetries will be discovered or
excluded by the LHC!

» A generic flavon is very hard to discover. A 100 TeV collider
would be the first machine in history with a realistic shot.

» The upcoming golden age of Lepton flavor will test the

flavor structure in the lepton sector and improve on the
bounds in the quark sector

Thank you!
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Collider Searches for Vector Fermions

Heavy Vector Quarks have to be at the TeV scale!
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CMS summary 2014]

Vector-like quark TT - Ht + X leuy =22b=24) Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
2 \Vector-likequark TT - Wb+ X leu =21b23j Yes 143 i505pin singlet ATLAS-CONF-2013-060
- § Vector-like quark 7T — Zt + X 223 e.u 22/>1b - 20.3 T in (T,8) doublet ATLAS-CONF-2014-036
L T Vector-likequark BB — Zb+ X 2>3epu >2>1b - 20.3 8 in (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB — Wt + X 2e,u4(SS) 21b,21] Yes 143 Bin (T.B) doubiet ATLAS-CONF-2013-051

[ATLAS summary July 2014]



A UV Completion: Vectorlike Fermions

Heavy Vectorlike Quarks have to be at the TeV scale!

3000

......... LHC14 projection

[Matsedonskyi, Panico, Wulzer 1409.0100]

LHCS8

[CMS summary 2014]
[ATLAS summary July 2014]
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Finite Width Effects

o x B(A = Zh — lIbb) [fb]
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Why should the flavor scale be low?

- Why not?

- Alink to Baryogenesis?

. =
e

———

(. Alink to Dark Matter?

K\‘\“‘\\:;\\Q- - _ _ _

« |t could be related to the electroweak scale



A link to Dark Matter?

Dark matter gets ist mass from the
flavon:

_ S _
ytth—l—nybe—l—yXSXX
= Mpy = Yy f

Relic density

My _

202
X/ ; Y Yy Yy

= 1TeV 2 f < 10TeV

(), o —

Planck Scale

Mp; = 10*° GeV

A
Mpwm = f

EW Scale P K—
v = 246 GeV

W



A link to Dark Matter?

Dark matter gets ist mass from the

flavon:

_ S _
Y tHt + nybe + Yy S XX

= Mpy = Yy f

u, d

.work with Martin Klaasen
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Future Collider Searches

L 0.100
100 8 BG 8
Resonance Searches (0 % BR)inie =\ 71/ 5 (0 X BR)finyie
100 \ Opa
b
>--- a
b
mx = 1000 (500) GeV| ATLAS 8 TeV CMS 8 TeV | scaled to 100 TeV flavon
di-jet 0.34]0.18 (M=1300 GeV) 3.-1072 9.1-10~%
TT 5-1073 (0.03) 9-1073 (0.04)[5.-107% (3.-1073)| 1.7-107* (2.2-1073)
di-muon 7-107% (3-1073)| 9-107%(3-1073)| 6-107° (3.-107%)| 1.7-107° (2.2-107°)
vy 5-1073 (8-1079) (2-1073)[ 4-10~* (7.-107%)(3.5- 101 (1.3-1079)




Future Collider Searches

L 0.100
100 8 BG 8
Resonance Searches (0 % BR)inie =\ 71/ 5 (0 X BR)finyie
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Future Collider Searches
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Benchmark 1 : M4 = My = 600 GeV, Mg+ = 450 GeV
la cos(f —a)=0.55, tanp =3,
1b cos(f — a) =0.42, tanf = 4.5,

Light Higgs Couplings:

ke = —0.41
ks = —0.95

la k; = 1.02,
1b Ry = 100,

Ry = 0.84,
Ry = 0.91 y

ke = 1.22
ke = 1.02,

Ky = kr = —0.61,
Ky = kr = —0.96,

Higgs Signal Strength:

la pv | By | My | e 1b pv | By | My | e
T ggsh 138 [ 1.21 [ 0.74 | 295  049-0n 0.96 | 0.91 | 1.09 | 1.22
Tiin 133 | 117 | 0.71 | 284 oy, 0.90 | 0.85 | 1.02 | 1.14
ovpr,ovyg | 0.89 | 0.78 | 0.48 | 1.91 ovpr,ovyg | 0.74 | 0.70 | 0.84 | 0.94
Heavy Scalar Production Cross Sections for la (1b):
8 TeV: o(g9g — A) =78(36) tb, o(g99 — H) =32(21) fb,
o(pp — H™t(b)) = 9(4) tb,
14 TeV: (g9 — A) = 361(157) tb, o(g99 — H) = 166(97) b,
o(pp — H~t(b)) = 63(25) fb,
Heavy Scalar Decay Modes:
: 1an/FA1b H Li/ Lt
la ]_b H+ FZ-/FH+
Zh 70.2% | 62%
Wi+ | 1449 | 21.8% WW | 52.9% | 43% la 1b
"~ L6% | 5.2% 47 25.6% | 20.9% hW 78.7% | 81.5%
7 12.0% | 8.7% hh 9.2% | 16.9% tb 21.2% | 18.2%
. W-H* | 68% |112%  7v | 0.048% | 0.33%
T 0.2% | 0.7% 7 59% | 3.5%
tc 0.4% 1.1%

Total Width for 1a (1b):

T, =2.22(3.71) MeV, Ty =24.6(16.3) GeV, TI'y =36.4(26.1) GeV,
T+ =10.2(5.8) GeV.



Benchmark 2 : M4 = My = 500 GeV, My+ = 360 GeV ,
cos(f —a) =045, tanp =4,

Light Higgs Couplings:
1b k=101, Ky =09, kKy=k=-081, k.=11, krs=-0.71
Higgs Signal Strength:

2 pvo | By | M | e

O gg—h 1.15 | 1.07 | 0.94 | 1.76
Oti s 1.09 | 1.02 | 0.90 | 1.67
ovpr,ovyg | 0.86 | 0.80 | 0.71 | 1.32

Heavy Scalar Production Cross Sections:

8 TeV: o(g9g - A)=130fb, o(9g9— H)=531b, o(pp— H t(b)) =12
14 TeV:o(g9g - A) =546 b, o(g9 — H) =224 b, (pp—)Ht(b))—GGfb,

Heavy Scalar Decay Modes:

A /T4 17 Ii/Ty
W%?{“L Zgggj WWw 45.4% H* | T;/T g+
- 5 30 27 21.8% hW 71.8%
i 19.4% hh 11.5% tb 27.8%
L W-HT | 12.6% TV 0.4%
TT 0.66% i 3 65%
te 1.1%

Total Width:
T, =3MeV, T'y=10.7GeV, I'y=157GeV, Ty =3 GeV.



Hadronic Radiative Higgs Decays
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Flavor off-diagonal Top Decays
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[ATLAS 1403.6293]

[CMS 1410.2751]



Heavy Higgs Searches

tan 3

CMS 19.5 fb™ (8 TeV)

My = 550 GeV

L I B U
5 """"""""""" """""""""""""""" Type Il 2HDM H — hh, m,, =300 GeV *
_ """"""""""" P — Observed 95% CL limits _
------- Expected 95% CL limits ) _
3 JEESEEE Expected x10 i
------- Expected +20 ol

[CMS 1410.2751]



tan 3

Heavy Higgs Searches

19.5 fb” (8 TeV)

fs===sd Expectedzlo c

Observed 95% CL limits
Expected 95% CL limits

MA

550 GeV
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[CMS 1410.2751]



Flavor Structure

fh(oc,ﬁ) = 2sin(f8 — a) + cos(8 — «) (tarllﬁ tan ﬁ)

F(a,B) =2cos(8 — a) +sin(8 — a) <tanﬁ — ta]:f[lﬁ)
F(a,B) = (tanﬁ | tai[g)




Collider Searches for Heavy Higgses

1 V2H
H; = — .
V2 \Vq + hq + taqg

Sreal fields — W=+ ZY

— h.H, A, H-

cos(f — «)

The heavy Higgses cannot decouple!



