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Introduction: the Standard Model Higgs mechanism on one slide

Introduce a single complex SU(2)-doublet scalar field ®.
Scalar potential V = —u2did + A\(dTd)2 triggers electroweak
symmetry breaking:

— (-U + @D__T ¥ ‘iﬁﬁﬂf'i)f\/i Wi  e— T
Physical Higgs is h9 = 497

Would-be Goldstone bosons are G% = 9%, @t = 4T and can be
gauged away ( “eaten by the W and Z2).
Covariant derivative term (D*‘Cb)‘i‘(Dpcb) agives weak boson masses

| — AT 5 (kN
M2 =22 M2 = ()

Yukawas £ = —yldp,®Qr; — v up;®Qr; — v, ;ep;PL; + h.c. give

fermion mass matrices 'm;; oms yé;-v/\/i; diagonalizing gives fermion

masses (with yf} diagonalized automatically); CKM matrix from
mismatch between uy; and djp rotations.
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Introduction: the Standard Model Higgs mechanism on one slide

Introduce a single complex SU(2)-doublet scalar field ®.
Scalar potential V = —u2did + A\(dTd)2 triggers electroweak
symmetry breaking:

- - ith v = \/?
= (*U + (;'}DJ' i S ‘iqﬁo"i);’\/i wi = T'

Physical Hiags is h? = 497
Would-be Goldstone bosons are G% = 9%, @t = 4T and can be
gauged away ( “eaten by the W and Z27).
Covariant derivative term (Dﬂcb)%(Dp(b) gives weak boson masses
2 — a2 a2 — (242’
‘1[147 _94; J'IZ __g 4 - : =
Yukawas £ = —yldp;®Qr; — v ur;®Qr; — v, ;ep;PL; + h.c. give

fermion mass matrices m;.';. — y,;z v/ v/ 2: diagonalizing gives fermion

masses (with y;'; diagonalized automatically); CKM matrix from
mismatch between u; and djp rotations.
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Two automatic features of the Standard Maodel:

1) Custodial symmetry preserved at tree level:

= s -=1 where cosfy = ; .
M 7z cos By y g2+ g2

Maintained in extended Higgs sectors if they contain only dou-
blets (and singlets).

Two-doublet models: covariant derivative terms become

LD (DFD1) (Du®1) + (DHd2) (Dyd2)
Gauge boson masses become

2 2y, 2 .
“Jw—gil—l-gzt MZ_(Q —I—4g )i, (g +4g’2)tg

My

=
Preserves M CDS&“ — 1: requires tl — v = tSM
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Introduction: the Standard Model Higgs mechanism on one slide

Introduce a single complex SU(2)-doublet scalar field ®.

Scalar potential V = —u2did + \(dTd)2 triggers electroweak
symmetry breaking:
ok [ 2
b = = ¥ . ith v = y/ .
( ("U—I-{DD‘T —I-‘iii‘ﬂ"l)f‘\/i) Wi 2 v Y

Physical Higgs is h9 = 9.

Would-be Goldstone bosons are G2 = 49, @t = 4T and can be
gauged away ( “eaten by the W and Z27).

Cevariant derivative term (I?*‘d})*"‘(Dpcb) agives weak boson masses
1{2 _QL 1{2 — (9‘2‘!‘9,2)'”

Yukawas £ = —y;de-;chLg —Ei”“R;d’QLJ — yﬁJERz‘bLLJ + h.c. give
fermion mass matrices m;’; = yi U /\/Z diagonalizing gives fermion
masses (with yf} diagonalized automatically); CKM matrix from
mismatch between uy; and dj rotations.
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Two automatic features of the Standard Model:

1) Custodial symmetry preserved at tree level:

Bor =1 where cosfy = g
M 7 cos by V.f g2 + g2

Maintained in extended Higgs sectors if they contain only dou-
blets (and singlets).

Two-doublet models: covariant derivative terms become

£ (DF®1) (Dpd1) + (DFd2) (Dpd2)
Gauge boson masses become
v . 9 12 o (g% + g% (9 + ¢"?)va
— Mz =

4 - 4 =

My _ *
Preserves M, cosBy — 1: requires 11 — vs = LSM

M3 =
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With two doublets we have four more scalar degrees of freedom:

(v1 + 07" +io7")/V2 (v2+ 03" +iog")/V2
with v2 + v3 = v3\, = 4M3 /¢* and vy /vy = tanj.

Mass eigenstates:

h? = —sina gi*?"r + cosa c_:“.:g‘r,. HY9 = cosa f;;ﬁcll‘r + sina rpg-""
A% — _sinf¢ér” Leasfd,’, G —cosAéy” Fsinfey”
HF = _sing e;z}it- + cos 3 q:}; E' —cosp {iz'f + sin 3 qf};_

Can rotate by angle 3 to “Higgs basis” . s=sin(3—a). c=cos(3 —a)

e’ Ht
( (vsm + (sh? +eH®) +iG9)/v2 ) ( ((ch® —sH9) +i49) /2 )
Gauge couplings:
~HYH—, ZHTH—, W HTA° W HT(ch® — sH?)
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Two automatic features of the Standard Maodel:
2) No flavor-changing neutral Higgs couplings.

Generic multi-Higgs-doublet maodel:

Lyruk O —'y-fjfff-ﬂi“leLj — E,T%E?Rifb:zQLj + he
Mass matrix for down-type guarks: m (yzjt]_ + 933@2)/\/_

md 5
Diagonalizing me; does not In general diagonalize yf? and yg
separately; leads to flavor-changing neutral Higgs couplings.

Flavor-changing neutral Higgs couplings are forbidden if each
type of fermion (u, d, ¢) gets its mass from exactly one Higgs
doublet: called “natural flavor conservation.” [Giashow & Weinberg:

Paschos; 1977]
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One doublet: £ = —ySdp;®Qr; — yig®Qr; — yi;epi®PLr; + h.c.

Two doublets: four ways to assign fermion couplings (u, d, €):

Typel Typell Leptonic Flipped
b4 - d.t ¢ d
Dy wu.d.f 7} . d u, £

Charged Higgs couplings to fermions (all x g{f )
v 2Myy

Model HVud, Htod,

Typel V,(cotgm,,Pp—cot3mgPr) cot3myPgr
Type I Vji(cot 3m,; Pr +tan3myPR) tanimyPR
Leptonic Vj;(cotBm,;PL —cotmgPRr) tanmyPp
Flipped V;j(cot3m,;Pr +tanimgPgr) cot3myPp

Physics controlled by tan 3 and J-[H+.
Most experimental studies: Type Il model (same as in MSSM).
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Model HTud; HV ¢4,

Typel Vji(cot3my;Pp —cot3mgPr) cotf3myPg
Type I V(cotBm,;Pp+tan3mgPgp) tan3myPp
Leptonic V;;(cot3m,;Pp —cot3mgy;PR) tan3myPgr
Flipped V;j(cot3m,; P +tan3mgPr) cot3myPgr

=t
I';h

—3 F — — —

E ™ IE = _h“‘:h_\_\_ E

=y 3E ]
¢ o e sk
= | — 35 £ I
'E_DJ —E=.- y =
= E iF \
- | \
E if . 4

-;-ﬂ"'r | S e uerel L L PR e =

i | 1 i
=ng Eng
Acki et al, Phys. Rewv. D80, 015017(2009
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LEP, Tevatron, and LHC

LEP combined limit, assuming
BR(HT — rv)+BR(HT —¢3) = 1:

Myys > 78.6 GeV = |
(89.6 GeV for BR(HT — o) =1) ~ sl
Type—lI i
M, =150GeV. sinig—aj=1 E

L 1 o [ } P e

A 0, 015017(2009) charged Higes mass (GeVic)
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LEP, Tevatron, and LHC

Tevatron search for charged Higgs in top decay

Tvype-II model: coupling for t — bHT is

m‘ﬁ((ﬁﬂt BmyPr + tan 3myPg)

BR(Ht —c3) =1
Look for ﬂfjj = Mw

= 5

Pirsa: 09100159

B(t — H' b) with B(H' — ¢8) = 1.0

I [ [ [

— —— Observed @ 35% C.L

—— Expected @ 9556 C L

— I 68% oi SM @ 95% C.L

[ ] 9%5%ciSM@95% CL

PRL1O3,

Heather L ogan (Carleton U.)

BR(HT — ) =1
1
1 Do.L=t0f’
087 BIH — =t
1 —=— Expected 95% CL limit
0.6] —s— Observed 95% CL limit
0.4
E é!‘w T T L4 1@ I T T 1& T T ih T T 1
M. [GeV]
DZero, arXiv-0908.1811
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L EP. Tevatron., and LHC

| HC search prospects: Type II ZHDM

a0
5
5
£
o
=
§»
=5
=

Light charged Higgs:
top decay t — HTth with HT — v

b

w B

Heavy charged Higgs:
associated production tHT with HT — tb
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LEP, Tevatron, and LHC

Tevatron search for charged Higgs in top decay

Typ&II model: coupling for t — bHT is

BR(HT —c5) =1
Look for M;; = Mw

o —-—Dbmmed@ﬂﬁ%cl_ ------ —3

B(t — H' b) with B(H' = ¢8) = 1,
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HL

I I i

—— Expecied @ 95%. C L
~ I 68%oiSM@95°%ClL —

[ ] 95%0iSM @ 95% CL

.

.y

CDF, PRL103, 10180

ey
l_._-._.'l_.-_.-l

b sl A o

BR(HT — 7)) =1
1
1 Do. L=10f’
087 BH —vi=t
] —s=— Expected 95% CL limit
0.8 —e— Observed 95% CL limit
0.4
u ﬁ- T T 4 Tm T T T Tﬁ T T .E&u T T 1
MHf [GeV]
Dfero, arXiv:0908.1811
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| EP. Tevatron, and LHC

|l HC search prospects: Type II 2HDM

tanil
Bl B oEWENEHE

Light charged Higgs:
top decay ¢t — HTbh with HT — v

—t
H =

|
[
e
(T3]
4|
¥l
[ |
|
ek
{

I

|

Heavy charged Higgs: e
. : =5 - == e :
associated production tH™ with HT — b i
.ATLAS‘E
9 1 230 150 TR I.":Tr[m.ﬂ L) i)
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Lepton-specific two Higgs doublet model

Model HVid; HTo4;
Type I Vji(cot3m,; Pp +tan3mygPp) tan3myPp
Leptonic V;(cotBm,;Pp —cotBmgPg) tanimgPp

Couplings to gquarks: x cot 3, same pattern as Type I 2ZHDM.

- Constraint from b — sy same as in Type-I1 model: tan3 2 4(2)
for My, — 100(500) GeV. [Su & Thomas, PRD79, 095014 (2009)]

- Production rates in t — Hth, tHT associated production sup-
pressed by cot? 3.

Couplings to leptons: x tan 3
- Decays to taus usually dominate
- Model used as “messenger” of dark matter for PAMELA/ATIC

DOSItI’On EXCESS [Goh, Hall & Kumar, JHEP 05 (2009) 057]
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| epton-specific two Higgs doublet model: constraints

M =t150EaY, sintf-—a)—1

&

tanp

Below the tb threshold: & =
decays almost entirely to v.
[Plot: Acki =t al, PRDS80, 015017(2009)] \
Use LEP limit from OPAL.: :
JIH_i_EgQ.O GeV SR

Ll

——

?i

@
T — evv NS T — [, /,/E?Qé‘
Tree-level charged Higgs exchange af- ) /
fects lepton universality. i
[Plot: HEL & D. Macl ennan, PRD79, 115022 (2009)]
Mgy > 1.4tan3 GeV T e e

X0 308 498 2S0é G4
(plus allowed sliver: 0.61-0.73 tan 3 GeV) o
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Lepton-specific two Higgs doublet model:

LHC prospects

Decays are to v also tb above threshold for tan 3 not too large.

[Plots: HEL & D. Maclennan, PRD79, 115022 (

a-ulf-,u-

f B = 3 o ]
£ hahs =2

Production rates in ¢ — HTb, tH"‘E
associated production suppressed by§
cot? 3. :

Have to rely instead on electroweak

production: HTH— — T+T_p1n3i55,
H*A%/H® — r=pStr (pp)
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Flipped two Higgs doublet maodel

Model H T a;d; HTi:4;

Type I V;(cot 3m,;Pr +tans3 m.ugPR) tan 8 my; P

Flipped V;;(cot Bm,; Py +tan 3mgPRr) cotBmyPp

Couplings to quarks: same pattern as Type II 2HDM.

- Constraint from b — sy same as in Type-Il model, Mg, = 200—
300 GeV [modulo cancellations with other flavor-violating contributions]

- Production rates in ¢t — H""b, tH+ associated production same

as in Type-Il.

Couplings to leptons: proportional to cot 3 instead of tan 3.

Type—ti
M= TGEY, sinff—al=1 m =1 S0GSY, sinif-—ai=]
w__'f\_._"\:* = /’F 5 ~ iFortanB > 3:
s \ i HY — b about 2/3,
= N Ht — ¢5 about 1/3

N

HY — v ~0.9 for tan3 < 3.

5 B e iy
1 1!
Gl e T aniG

N\ i
\\% 3
g [Plots: Acki et al. PRD&80, 015017(2009)
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Flipped two Higgs doublet model: constraints

Limits from LEP: Can't use LEP combined: DELPHI and L3
actively rejected bs: no good for H+ — ¢b.

OPAL and ALEPH just selected jets:

assumption is BR(HT — 7v) + BR(HT — ¢7) = 1.

._’;“ : _ l.. I -
= =
My > 78.0 GeV overall o5 L
83.4 GeV for BR(HT — ) =1, s
80.7 GeV for BR(H+ — r) =0 1
. Colas [,&LEPHE_ CEEN-AL EPH-2001-016 = :_ T y
fl Emawiﬁvecf_l
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Flipped two Higgs doublet model: constra

ints

Limits from LEP: Can't use LEP combined: DELPHI and L3

actively rejected bs: no good for H+ — ¢b.
OPAL and ALEPH just selected jets:

assumption is BR(HT — 7v) + BR(HT — ¢7) = 1.

5

=1 | ]
: - ALEPHP ARY
—as L ' o2
= (
My > 78.0 GeV overall as b i’
83.4 GeV for BR(HT — o) =1, - i \ -
] —_—
80.7 GeV for BR(HT — ) =0 o
£ e E
=3 - @7 L+ —— e
P. Colas [ALEPH], CERN-ALEPH-2001-016 —
IEMm!ﬁn&ci{ l\
= L N TR,
i ] 308 5
m (GeVie™)
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Flipped two Higgs doublet model: constraints
Top quark decay at the Tevatron:

For tan3 ~ 1, Ht branching ratios about the same as in Type
II model. Use Tevatron limits from D& directly.

For tan3 > 3, Ht — &b+ 5 ~ 1. Translate CDF limits on
BR(t — HTH) with BR(HT — ¢5) = 1. HT — b should have
only slightly worse ﬂufjj resolution.

My, (GeV) allowed tan 3 range

100 1.40—28.8

120 1.10—26.2

150 0.53—65.8
PRELIMINARY HEL & D. MacLennan. in preparation
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Flipped two Higgs doublet model: LHC prospects

Production couplings to quarks are identical to Type I 2HDM.

Below tb threshold, decays are to v for tan3 < 3, eb + es for
tan g > 3.

Above tb threshold, decays to tb always dominate.
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FHlipped two Higgs doublet model: LHC prospects

Light charged Higgs: BR(t — H+b) same as Type II model, but
Ht — cb, es at large tan3! |LHC studies with H+ — 7o not
applicable.

Heavy charged Higgs: Ht .t decay dominates: tHT associated
production cross section same as Type II model. Studies carry

over verbatim.

50 discovery prospects (30 fb1): [based on ATLAS]

tan3 M, range accessible (GeV)

30 180—200
45 180—250
60 180—300
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Two-doublet model for neutrino masses

S M. Davidson and HE L., arXiv-0906 3335

New field content:
3 right-handed two-component neutrinos vgp. (EW singlets)
Second scalar doublet 5, same EW charges as SM Higgs
New symmetry: global U(1)
vr. and ®o have charge +1; all SM fields uncharged
Mvrryg Majorana mass term forbidden by global U(1).

Lepton Yukawa couplings: structure fixed by U(1)

Lyuk = —vier P Ly, —yi;vp,®5Ly, +h.c.

To generate neutrino masses, break U(1) explicitly:
= = & }1, =
V = m P + me,® dr — [m,d P +he] + %(d:'lcbl)z

A £ = - " =
+(DL92) + A3(D[D1)(P;92) + Aa(D] D) (9 P1)
d, gets a tiny vev vy ~ eV.
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Particles and couplings

3 SM neutrinos are Dirac particles; no additional fermionic d.o.f.
4 new scalar degrees of freedom: H=, HY9, A©
Mixing effects: new scalars ~ &5 + O(va/vy )P+ completely negligible

Yukawa couplings of physical scalars:
: = TN e =
EY'uk p— : H DVE'HE' — Y r’iloyi’jFSPi — \/ﬁ
U2 v v2
's; is the Maki-Nakagawa-Sakata-Pontecorvo matrix

[U;HY5;Pres +h.c]

Constraint from big bang nucleosynthesis:
s o+ ./
(ip 30 | 100 GeV [Uﬁ[
a little bigger than SM bottom quark Yukawa coupling

or vo = 2 eV (scales with heaviest neutrino mass).
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Phenomenology: decays of new scalars

Fermionic modes: HT —¢ty, A9/HY . up (via )
Bosonic modes: A9/HO ~ W+H— or Ht — W1TA49%9/HO (gauge int)
depends on masses: M3 = M3 = M3, + A7 /2

Most interesting decays: H + _ ¢ty
Assume Mag > Myg:: no HY — WTH?/AS.

r(HY —ty) = Mgt =Y m2|Ugl

'TUQ E

Depends on expectation value of m 2 in flavor eigenstate vy.
¥ m2 |Ugi|?
e | i m2 U2

Identical to T decay BRs in Type-2 seesaw model.

BR(HT — ) =
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Particles and couplings

3 SM neutrinos are Dirac particles; no additional fermionic d.o.f.
4 new scalar degrees of freedom: H=, H9, A9
Mixing effects: new scalars ~ &5 + O(wvp /v )P completely negligible

Yukawa couplings of phyvsical scalars:

Tty = Yy . = Mg o =

Cyuk = —H%pw; — —Z A% yep; — V22U HY5;Preg + h.cl
v2 U2 v2

Uz Is the Maki-Nakagawa-Sakata-Pontecorvo matrix

Constraint from big bang nucleosynthesis:

= = ~ 30 10 GaN| | 12

3 little bigger than SM bottom guark Yukawa coupling

or vo = 2 eV (scales with heaviest neutrino mass).
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Phenomenology: decays of new scalars

Fermionic modes: HT —¢ty, A9/HY9 . w5 (via ¥¥)
Bosonic modes: A9/HO ~ W+H— or Ht — W1t A4%/HO (gauge int)
depends on masses: M3 = Mz = M3, + A\ws/2

Most interesting decays: H + _eh
Assume Myg > Mg:: no HT — V‘FH“/AG-

F(HY — ) = 255 m2 |02

'T’Lz :

Depends on expectation value of m in flavor eigenstate vy
211712
Ei m{fi|{" E-i!
Yo | mg,:[Uf-f%'zI

Identical to @7 decay BRs in Type-2 seesaw model.

BR(HT — ¢tv) =
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Two-doublet model for neutrino masses

S M. Davidson and H.EL ., arXiv-0906 3335

New field content:
3 right-handed two-component neutrinos vp. (EW singlets)
Second scalar doublet 5, same EW charges as SM Higgs
New symmetry: global U(1)
vr. and ®o have charge +1; all SM fields uncharged

Mvrrg Majorana mass term forbidden by global U(1).

Lepton Yukawa couplings: structure fixed by U(1)

Ly, = —vi;6pPL L L, — 7R ®5LE, +hc

To generate neutrino masses, break U(1) explicitly:
- - — = .}. =
V = miold +mields— [mioles+he]+ §(¢’1¢1)2
A = — Z ¥ = x,
+(DL92)7 + A3(S]1)(P;92) + Aa( D] Do) (S D1)
P, gets a tiny vev vp ~ eV.
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Phenomenology: decays of new scalars

Fermionic modes: H+t —¢ty, AO/HO . up (via )
Bosonic modes: A%/HO —~ W+H— or Ht — W1t A49/HO (gauge int)
depends on masses: M = M7 = M3, + A\w$/2

Most interesting decays: H + _, ¢Fy
Assume Myg > Mg:: no HY — WTHC%/AS,

r(HY —t) = MH*Zm Ul

8TL2 E

Depends on expectation value of m in flavor eigensiate vy
2 \F7 12
2 LU 1Ueil
> |3 m2 U2

Identical to @7 decay BRs in Type-2 seesaw model.

BR(HT — ¢tp) =
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Normal hierarchy Inverted hierarchy
" Inverted hierarchy

0.7

06 |

H" branching fraction
H" branching fraction

0.001 0.0 0.1 T 0.00 .01 0.1 1
lightest v mass [eV] lightest v mass [eV]

Behavior controlled by f53 ~ 45°, U_3 small.
Normal hierarchy: eigenstate 3 contains half of »,, half of v, very little .

— BR(pr) ~ BR(7v) 2 1/2, BR(er) < 1
Inverted hierarchy: eigenstates 1 & 2 contain all of »., half of v,, half of -

— BR(er) ~ 1/2, BR(pr) ~ BR(rv) > 1/4
Degenerate spectrum

— all three BRs =1/3.
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Constraints: LEP limit on HTH—
BR(H* — ) too small for usual LEP charged Higgs search.

Look at LEP slepton searches instead with massless “neutralino™.

”;;m - Selectrons i
> (Observed Cross Section U L. (pb) =
t;? o L =188 GT : =
=™ L ADIO Preliminary .
= S
S £
2 2
z =0
2 &)
q 4
Selectron Mass (GeVie) Somon Mass (GeVie™)
s ™ L T T L3 T

[="_n R )
ey

LEPSUSYWG/04-01.1

Putinete — HTH xsec, read
off upper limit on BRs
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Normal hierarchy Inverted hierarchy
e
inverted hierarchy

Normal hierarchy

06 § 06 |
§ 05 5
g | 8
= o4} &
2 ; 2
e 5
2 03 2
211 25
= =
A 02 T
o1
0 - - -
0.001 0.01 0.1 1 0.001 0.01 0.1 1

lightest v mass [eV] lightest v mass [eV]

Behavior controlled by f53 ~ 45°, U_3 small.
Normal hierarchy: eigenstate 3 contains half of »,, half of v, very little .

— BR(pr) ~ BR(7v) 2 1/2, BR(er) < 1
Inverted hierarchy: eigenstates 1 & 2 contain all of ., half of v,, haif of v

— BR(er) > 1/2, BR(pr) ~ BR(v) > 1/4
Degenerate spectrum

— all three BRs =1/3.
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Constraints: LEP limit on HTH—
BR(Ht — ) too small for usual LEP charged Higgs search.
Look at LEP slepton searches instead with massless “neutralino™.

Scicctrons i )

. Observed Cros=s Section U L. (pb)
V- I83 MR CeV ;
ADI O Pehmnary

2
i

Smmons e
Observed Cross Section UL (pb)
Vi =183 208 GeV
ADH O Peelimmary

i
i

Neutralino Mass (GeV/c®)
H 8

Newtralino I\gﬂﬂﬁ (GieV/ie)

]

Selectron Mass (GeVie™)
LEPSUSYWG/04-01.1 - . = i gz

Putinete™ — HTH xsec, read ’J"l/

off upper limit on BRs
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Phenomenology: LHC prospects

Rely on pair production: pp — HYH—, H=A9/HO, A0qHO
- No coups to quarks; H+£EVR coupling < 1/30 (BBN constraint)

- Single production ~ g%v>: super tiny

H+ BR to pv or ev always > 1/3: £T{—pss signature

-H:Em': T F T B T T T

Nice feature: HTH—Z coupling. % e — i
This model: SU(2) doublet: =
— € 1 > =
IH+H~Z = spow 2 W) .
Type-2 seesaw: SU(2) triplet:
=S 2
So+d—7 — SW?CW(D = SW')
Doublet cross section ~2.5x ot e e & oW e g

100 150 200 250 SO0 = 3'3}_ 00 450 be 1
larger than triplet. mg: [GeV]
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Phenomenology: LHC prospects

S.M. Davidson and H.E.L .. work in progress
Signal: pp — HTH— — p‘l‘p_p&v“iSS, E‘I‘E_p]“;‘iﬁ, eipﬂtp%"iss
Major backgrounds: WTW —, . ZZ. Z~

Selection cuts:

Both leptons pr > 20 GeV; p}“iﬁ > 30 GeV

Veto jets with pr > 30 GeV (kills most of ¢ background)
Veto Z pole, 80 GeV < f‘.-Iﬁ_E_ < 100 GeV

HY.=pf +pf- + pisS > 200 (600) GeV [for My: = 100 (300) GeV]
Looks promising for discovery of Mg, = 100 GeV with 30 b *

(Mg+ =300 GeV with 300 fb~1) [preliminary]
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Phenomenology: LHC prospects

Rely on pair production: pp — HTH—, H=A9/H9 A0qH0
- No coups to quarks; H+€Ey3 coupling < 1/30 (BBN constraint)
- Single production ~ g%v>: super tiny

H+ BR to uv or ev always > 1/3: £+¢—p?*ss signature

100 T 7 T T T T T ¥
doubles modef — 1
wigier modef -------- 1

Nice feature: HTH Z coupling.
This model: SU(2) doublet:

— € : b
IH+H—Z — swew (z —s@)

af(pp— HTH™) (NLO) [fh]

Type-2 seesaw: SU(2) triplet:

=i € =
Io+o0—7 = oy d — Siv)
Doublet cross section ~2.5x o g g = ey

100 g5 200 250 300 Jo 400 450 500

larger than triplet.
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Phenomenology: LHC prospects

S .M. Davidson and H.E.L., work in progress
Signal: pp — HTH— — ptpu pPisS, ete piss =, Fpmiss
Major backgrounds: WTW —, tf. zZ. Z~

Selection cuts:

Both leptons pr > 20 GeV; p}“iﬁ > 30 GeV

Veto jets with pr > 30 GeV (kills most of ¢ background)
Veto Z pole, 80 GeV < M re— < 100 GeV

HT: = p? — p%_ - p}“ﬁ > 200 (600) GeV [for My: = 100 (300) GeV]
Looks promising for discovery of Mg, = 100 GeV with 30 fb—1

(Mg+ =300 GeV with 300 fb~1) [preliminary]
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Conclusions

LHC studies for charged Higgs are well-developed... for the Type
II model (and to some extent for Type I).

Other charged Higgs coupling patterns lead to different signal
processes — both production and decay.

For some channels, LHC studies can be reinterpreted directiv.
- Flipped 2HDM: Ht — b

For others, new phenomenological & experimental studies needed.
- Neutrino mass model: HTH— — E‘I‘E(’)_p%“ss promising
- Lepton-specific 2ZHDM: can we do anything with HYH . 7
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Phenomenology: LHC prospects

S_.M_ Davidson and HEL ., work in progress

5 S miss

Signal: pp — HTH— — p+p_p5«"i55, E+E_p]mi55, e~puTpyf

Major backgrounds: WTW —, tf, ZZ. Z~

Selection cuts:

Both leptons pr > 20 GeV; p}“iﬁ > 30 GeV

Veto jets with pr > 30 GeV (kills most of ¢ background)
Veto Z pole, 80 GeV < ﬁ.-ff+f_ < 100 GeV

Hf = pl +pl +psS > 200 (600) GeV [for Mg+ = 100 (300) GeV]

Looks promising for discovery of Mg, = 100 GeV with 30 fb—1
(Mg+ =300 GeV with 300 fb~1) [preliminary]
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or discovery of | r_
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