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aHiggs in Standard Model with 4 generation &

Four Generations.
of Matter (Fermions)

2aneue [l 127500

o Standard Model with a fourth generation of
fermions uy, dy, U4, va;

@ not excluded by EWK precision data if mass
split not too large O(50) GeV,

Gauge Bosons
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aHiggs in Standard Model with 4 generation &

Four Generations.
of Matter (Fermions)
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o Standard Model with a fourth generation of
fermions uy, dy, U4, va;

@ not excluded by EWK precision data if mass
split not too large O(50) GeV,

10 : & BR(SM4)/BR(SM)
100

Large impact on production
and decay rates

@ o(gg — H) enhanced,
VBF and VH negligible;
@ BR(H — WW/ZZ) smaller, o .

H — ~~ suppressed, L
. fo0" 200 300 400 500 600 o L.
H — fer mions |arge|’ M, [GeV] 100 200 300 400 500 600
H My [GeV]
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aHiggs in Standard Model with 4" generation &
DAl
o Standard Model with a fourth generation of | Tl ﬁ
fermions g, da, 4, v4; e} e m"
@ not excluded by EWK precision data if mass Vi !
split not too large O(50) GeV, T !
Large impact on production  Bryn/BrE
and decay rates ! “ﬁ*
"""" (x100)

@ o(gg — H) enhanced,
VBF and VH negligible;

o BR(H — WW/ZZ) smaller, o
H — ~~ suppressed,

. 6500500400 500 600 . It
H — fermions |a|’ger M, [GeV] 100 200 300 100 500 600

My [GeV]
Need re-interpretation of SM(3) results in the context of SM4.
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ESM4 at Tevatron [

at CDF 4.8 fb~! and D0 5.4 fb~! [1]

low mass scenario m,, = 80 GeV, my, = 100 GeV/;
» high mass scenario ml,4 = m134 =1TeV.
» mg, =400 GeV m,, — = (50410 In(my/115)) GeV

@ Uses only H — WW
e 2 (* isolated + MET + (0,1,>2 jets)

n

T T
(d) COF+DORuD Expected

Letg-sam! — Observed
B 1 s.d. Expected
—

+2 5.d. Expected
4G(High Mass)

------ Exp. 03% C.L' Limic
—  Obs. 95% CL. Limi
B +1s.d Exp. Limit
1 #2s.d. Exp. Limit
56< 4G (Low Mass)
4G (High Mass)

(low Mass) Prediction

o(gg—H)xBr(H—=WW) (pb)

0
120 140 160 180 200 220 240 260 280 300

0
120 140 160 180 200 220 240 260 280 30i
my (GeV)

mH(GeV)
Results: 131 < my,,, < 204 GeV excluded at the 95% CL
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| SM4 at LHC

INFN
(%

ATLAS 1.0-2.3 fb~! [2] my, = my, = mg, = 600 GeV
CMS 4.6-4.8 fb~! [3] my, — mg, = (50 + 10 - In(my/115)) GeV

@ H — ~7, bb (almost no sensitivity)

e H—rr
ATLAS/CMS each exclude
e H—- WW 0
120 < my,,, < 600GeV 95% CL
e H—-2zZZ
b% E" aTLAS PreJimiHary "CLs Limits El :2:' 10F Cwms Preliminary | = Observed % CMS Preliminary e Combined obs
s r th i 1 © \5=7Tev 5 Expected (6%)] O N5=7Tev | Combined exp
Z, — Observed 4" Generation Model S LeabAs o Bt o] B Lzasasiol | roterm)
g 10F - Expected Ldt=10230b"] & [ S 10F /U —Hew wsw)
5 f H+1c - 1 = = 1A — H-WW (@6
d _\ \_1126 {s=7TeV ] g 1 g ] —H-2Z (471
o 1L _ _
% E (O] 4 O
s f SRS g4
L 4 n 1 o
(=] (2]
-1 -
107 ERECS : )
£ ] E 10"
-2 L L L Il Il I i
10 2000300 400 500 [Ge?/o]o 100 = 200300400 500 00 — 200 300 400 500
H SM4 Higgs boson mass (GeV) SM4 Higgs boson mass (GeV)
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h Fermiophobic Higgs &

@ Possible with extended Higgs sector
(2DHM)

@ SM-like but no coupling to fermions;
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5 Fermiophobic Higgs

@ Possible with extended Higgs sector

(2DHM) AP 3;
. . . n% \s = 7TeV Fermiophobicé H

@ SM-like but no coupling to fermions; @ oL s 1
° 33

decay H — WW,ZZ, ~~ N :
10% *

10° 1(‘;0 5o 500 250

M, [GeV]
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h Fermiophobic Higgs

@ Possible with extended Higgs sector
(2DHM)

@ SM-like but no coupling to fermions;

decay H - WW, ZZ, ~~
production only via VBF and VH v/,
no gg — H nor ttH X.

» Yield — vy comparable to SM at
125 GeV

» Higgs is boosted

» additional signatures: di-jet, lepton,
MET

@ LEP excluded Hg, My < 108.2 GeV.

S.Lacaprara (INFN Padova) Non-SM Exotic Higgs
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2 Fermiophobic Higgs at Tevatron &

e CDF 82 fb~! /D08.2 fb~! [4]

@ SM Higgs analysis re-optimized to use boosted Higgs
@ Channels considered:

> H— vy
» H— WW — 202 (0,1, > 2 jets)
» WH — WWwW
> ZH — ZWW
Tevatron Run Il Preliminary L < 8.2 o'
E T T T
iﬂ’ ..... gxpe:led
'E 12 s.d. Expecte
5
-
o
§ 1 HM =
o
10 -1 Auggst 9, 201
100 110 120 130 140 150 160 170 180 190 200

m,, (GeV/c?)
Exclusion: my, < 119GeV 95% CL
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5 Fermiophobic Higgs at ATLAS &

o ATLAS 4.9 fb~! [5]
o H — y7y: SM-like selections
@ 9 sub-channels
n-region: both central, rest
converted/unconverted
Low/High P7’
P?t'y ~~ transverse momentum orthogonal to the v~ thrust (t) axis in the transverse plane

» -+ converted v in transition region

" Observed GL, limit

N T T T r T 0 e T T T Raans: T T ©
3 . Hgn Py, ﬁi?;r\:;ﬂ” 3 T§ 10— Observedp, Data 2011, {s=7TeV : __ Expected CL, limit
P e 5 H
2 ol 1 3 [ H, = 1Y expected p o = Wi ATLAS Preliminary
4w Rrmene ! [ro-som E t20
E| . 3
& [ IR TS I & SR W40 WY A= 8
pa } ] 3
TN e i B e B ]
E ATLAS Preliminary Data 2011, {s=7TeV
ATLAS Pretiminary E| Fermiophobic H - yy 3
] Ldt=491
g o
H e T A TR AT y Observed p, (with energy scale uncertainty) Fermiophobic H — vy
§ aop MR PR et 104 lL A | L | | ot b
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 15
L T i w180 o
oy (GoV] my[GeV] my [GeV]

Largest excess My = 125.5 GeV 1.60 (LEE):
Exclusion for my,, € [110 — 118] U[119.5 — 121] GeV 95% CL
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aFermiophobic Higgs at CMS &

e CMS 4.9-5.1 fb~! [3] and 5.1+5.3 b~ [6]
o H— WW — 20F2u + (2 jets, ()
@ H — ZZ re-interpretation of SM analysis;
@ H — ~, in association with:

> pair of jets with large Anj;

» an isolated muon/electron or large MET

» untagged (4 sub-channels by 1, and shower shape)

2D analysis: m., 77 = p¥’/m,., to exploit the H — v~ boost.

CMS Preliminary

a 15
° T o T
& ToNS Preliminary 1 & T
E r
E ¢ ' 68% CL band = Expecied
] T L5 TeVs.a6ETeV) b T g O 5=8TeV,L=53 1"
z £ 1ob i+ 3o Expect , =
3 JE e 1 F 22 Expociad - 7TeV,L-5.1 1"
3 8 EP

I -~ Expected 2011
g < i

T L Ny

o(H-7y)

—— Gombined obs. GMS Preliminary
Exp.for FP Higgs & 53’ 05— &
104 weee 2012 obs. & st o=
~- 2011 obs E £ 3
SRS FRRRTNNE oY NY UUd FRCRY NERN 1ot | | S NV PUY SR I PR e vy
110 115 120 125 130 135 140 145 150 “"Yio 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 MSG \}5“
m,, (GeV) Higgs boson mass (GeV) m, (GeV)

My = 125.5 GeV py = 3.20 (w/o LEE effect). Signal strenght too low for a
Fermiophobic Higgs hypothesis. my;, < 147 GeV 95% CL
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| Next-to-MSSM (nMSSM) -

@ nMSSM: add one scalar singlet to MSSM.

» 3 CP-even hy 53, 2 CP-odd aj 5, charged H*

» one CP-odd boson (a;) can be very light m,, < 2m,
@ solve some problem of MSSM

» accommodates better My = 125 — 126 GeV

» no fine-tuning for u-term (produced by VEV of singlet)
@ Production via gg — (h, a) through t, b triangle loop.
@ Channels:

> t = H¥b — (W*ta))b a— 77

» h— aja; — 4/L

> ay = [

» h— aia; — 4’}/
@ Searches also at B-factory via T(nS) — va1

V.
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R nMSSM ¢ — HEb — (W*a))b  ay — 77 o

40 % + CDF Run Il data (2.7 1b")
_ 3BF Signal, m(H)=90, m(a)=9 GeV/c’
CDF L=2.7fb~1 [7] S wf
g 5k - SM Boson Daughter Tracks
e tt standard selection: £ ok ——
isolated-/e+MET e ? B(t—-H'b)=0.11
K i 10F B(a:aﬁ)ﬂ
+3 jets+ b—_]etS sE " B(H'—=W*al)=1
N === === -+
@ 7 selection for 1-prong decay: 1 B R R T S TR T
X Track p_ (GeVic)
isolated track far from leptons a5% CL Exclusion for Kb W'alh
, ;
E - E(a:ﬁf‘t‘F1 m(aj}=4 GeVic?  Expected  Observed
@ signal extraction based on 0% Bt owatr a7 Cevl’ —xpoctos © chseves
0 -8 m(aj}=8 GeVic® < Expected * Observed
isolated track p; spectrum _ort s Vi — Expectnd ® omamet
o= D o6
@ no excess, limit on T sl
' T 05
B(t — H*a;) vs M3 for @ 04r
H 03f
my =4 — 9 GeV 02t
’ n'; [ . ) ) ) . ] | CDF Run 1l (27 o)

90 100 110 120 130 140 150 160
H* mass (GeV/c?)
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anMSSM h — aa — (4u) (e

CMS L=5.3fb~! [9]

4 > 1p(pe > 17GeV, |n| < 0.9) + 3u(p: > 8GeV, |n| < 2.4)
» opposite charged s paired if same vtx and M,,,, < 5 GeV, isolated
signal when m; < my, side bands for background (w, p, ¢, J/1, .. .)
» similar analysis at DO [8] in (4u,2u27) (L=4.2fb™1)
e Limit on o(pp — h — a1a1) x B?(ay — 2u)
@ Also interpreted in term of Higgs decay with dark-SUSY models
h— 2ny, n — yp + np, Yo — pp
(m is SUSY lightest neutralino, np dark-neutralino, vp dark-photon)

v

CMS 2011 (s=7TeV L, =531f"
T

CMS 2011 {s=7TeV L, =53 1"

""" NMSSM 95% CL Limits

>

g 3.5

RS 10 = v m, =355 GeVic E
% — my = 1GeVic

0] —-m, =025 GeV/c*

Y

£ 2.

— Prediction with (pp > )0,

B(h, >2a) =3%,Bla > %) = 77% ]

A o N«
T
L

S

K
>
°
o}
0
g
S
S
M
K
>
>
o}
I
<8
S
=
2
g
5
2
I

o(pp > h, ,—> 2a,) B*(a, > 2) [fb]

055 oo 710 120 130 140 150
m, [GeV/c?]
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‘nMSSM gg — a — i &

CDF: L = 0.63fb™! [10]. CMS L =1.3fb™! [11].

g

o dedicated exclusive Trigger:

H

» 24, low pl, same vtx
» Selection in M,

Events/(50MeV/c?)

g
/
Fi
[
o
=
=

o Selection: 2 good u*, isolated, prompt o

i
M, (Gevic))

» search for narrow resonances for:

CDF M,, €[6.3—9] Gev
CMS M, € [5.5 —8.8] U[11.5 — 14] GeV CDF
no excess, set limit on 0,8(a — pu) 15 ‘
?:250 E Barrel JEHTV
29 CMS 1 My, €[5.5—8.8]GeV M, € [11.5 — 14] Gev "

15000

10000F B

(pp— a — ) [pb]

5000F 4

Upper limiton o(pp-— a - 1) [pb]

s7agmn1szﬁ

s 35 S 13
My, [Gev] My, [Gev]
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NnMSSM h— aa— (vy) + (vy) [HeN

ATLAS L =4.9fb~! [12]

@ Sensitive to very light a:
» for M, < 3m,o: a — vy enhanced, very clean signal.
@ large boost for a, v very collinear, seen almost as H — vy

@ same analysis as SM H — ~~

> relaxed shower shape requirements on
> allow larger lateral energy leak Fgige

® limit on o(h — aa — 47) vs M, € [110 — 150] GeV for m, = 100,200,400 MeV

w

5 1E T T T T
] E
% m,, = 125 GeV. z .
E ATLAS Preliminary SMH-oyy K =
g Simulation m, = 100 Mev ¥ o075 ATLAS Prelimina m, = 200 MeV
S 1ok ~o-my =200MeV. i E i +----- Observed Limit
S *-m, =400MeV § 1 £ ------ Expected Limit
4 ] & E = 1o
E ] 2 e CJ+20
£ § E o
W02 ; E E
E 1 i E
K
[ [ s 2
s
10° 1 1 ) -
0.2 0.4 0.6 0.8 1 o

110 115 120 125 130 135 140 145 150
side m, [GeV]
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™ See-Saw Type-ll: H™* o

Model: Minimal See-Saw Type Il q

o Additional scalar field, triplet under
SU(2).
o New Higgs-like particles ¢+, ¢, ¢°
@ responsible for low neutrino masses via
see-saw mechanism
» Search for ¢+ and ¢™ Zly ]
» Produced from W/Z
> ptE 5 Rt
same sign leptons signature

el
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™ See-Saw Type Il: ¢+ — (£(* e

E) " " ATLA‘S ‘+Da(a‘2[m
e Lot =47 CINon-prompt
_1 % 60F $=7Tev Eg:w:’:\gpe‘mps |
o ATLAS L:47fb [13] H 3 € O esocev J
g HE* 300 Gev 3
» final states: e®, p* e ety

» My++ < 409 — 367GeV 95% CL for K

et JutpE et p*

1 CMS Preliminary /s =7 TeV, [ £=4.6fb~!
o CMS L=4.6fb " [14]
. 10
> final states: e*, pu*, 7 3
» Mpy:x < 455 for et and p* combinations %
Mpy++ < 350 for ei/u —|— T :
1071
Mpy++ < 200 for Th F Th |
ey i
S 0 0 ‘ ‘ ‘ ‘
&) et e
o o0 S ; gy
- 7:::;— % i oo 53 s 3
et rerma ey [ [ I
T ATLAS el
505: dogorerae masses| . [N & T Neermw
s el rnaiogs [ 10756200 300 400 500 600

95% CL it on mass of 4=~ [GeV] . m(H~) [GeV]

results from DO [15],CDF [16]

S.Lacaprara (INFN Padova) Non-SM Exotic Higgs Kyoto, 15/11/2012 20 /33



SM4 Fermiophobic Higgs nMSSM Exotic Summary Bibliography Backup
0000 ooe 0009%00

5 Hidden sector o

ATLAS L=1.9fb~! [17]

@ Search for rare H decay into hidden sector "
o H—2fy,, foy = fa,vd) Yd — pipt

> m,, = 400 MeV, long-lived
> B(va — pp) = 45%

expected + 26 (stat.+syst)

@ Back-to-back pairs of isolated, collinear, B crpeced fo sty
displaced p*

o little MET since fy are emitted
back-to-back

e limit on 0B(H — 2y4 + X) vs (cT)+,

N
o
T

expected limit
—— observed limit
OXBRH-YY +X) =0y,

ATLAS

w
o
T
I

n
=]
T

\s=7 TeV, I Ldt=1.91b"

95% CL Limit on oxBR(H->y v +X) [pb]

m, =100 GeV

10[~ B

» BR(H — 2v4 + X) < 10% for (a)
7(5) < cr < 82(159) mm for T e
MH — 140(100) GeV Dark photon ¢t [mm]

S.Lacaprara (INFN Padova) Non-SM Exotic Higgs Kyoto, 15/11/2012 21 /33



=

@ Higgs in Standard Model with 4" generation
@ Fermiophobic Higgs

© Next to Minimal Supersymmetric Standard Model
o t— H b — (W*a)b, a — 77
@ h— aa— (4p)

° gg —a— (2u)
@ h— aa— 4y

@ Exotic
@ See-Saw Type-Il H++
o Hidden sector

© Summary

40> «Fr «=>» «E» =] Q>



SM4 Fermiophobic Higgs nMSSM Exotic Summary Bibliography Backup
0000 000 0009%00

hSummary &

@ A rich program of searches for exotic Higgs beyond SM and MSSM,

@ including SM4, Fermiophobic SM, nMSSM, SeeSaw models, hidden
sector.

v
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aSummary &

@ A rich program of searches for exotic Higgs beyond SM and MSSM,

@ including SM4, Fermiophobic SM, nMSSM, SeeSaw models, hidden
sector.

Only limits, so far;
but stay tuned.

4
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CDF: L =0.63fb~ ! [10].

o Trigger:
> 2u, pi > 3GeV
> M, >5GeV
0(zyix) < 5cm
» dynamic pre-scale

v
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CMS Experiment at LHC, CERN

Data recorded: Fri Jun 24 19:30:08 2011 CDT
Run/Event: 167674 / 302005714

Lumi section: 248
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