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Chiral 4th Generation

Some questions [Sher; Holdom; Hou:... ;Kribs, TP, Spannowsky, Tait]

— simply phenomenological: why three generations?  [review: Framton, Hung, Sher]

— anomaly cancellation?
light neutrinos and LEP?
Majorana neutrinos in neutrinoless double beta decay?
electroweak precision data?
flavor constraints?

= none of the constraints convincing ['Why there should not be a fourth generation’; Feyerabend]

— strongly interacting theory?
electroweak baryogenesis?
dark matter?

= at least as interesting as everything else
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4th Generation
— simply phenomenological: why three generations?  [review: Framton, Hung, Sher]

Precision data

Flavor — anomaly cancellation?
Perturbativity light neutrinos and LEP?
Direct Searches Majorana neutrinos in neutrinoless double beta decay?

electroweak precision data?

Higgs physics A
flavor constraints?

4MSSM
= none of the constraints convincing [‘Why there should not be a fourth generation’; Feyerabend]

— strongly interacting theory?
electroweak baryogenesis?
dark matter?

= at least as interesting as everything else

The model [old story]

complete additional generation (a,, Uy, D4, Ly, €4, 4l

masses from Yukawas

— representations as Standard Model: no FCNC

charged currents: (4 x 4) fermion—mixing matrices (single-top (D0) Vp; > 0.68]

neutrino mass: £ ~ ys HLyvag + M 5pvan/2
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Electroweak precision data [Lerewwg]

4th Generation
Precision data — Particle Data Group:
Flavor An extra generation of ordinary fermions is excluded at the 6o level on the

Perturbativity basis of the S parameter alone...  [Erler & Langacker]

Direct Searches
Higgs physics
4MSSM
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4th Generation

Precision data — Particle Data Group:

An extra generation of ordinary fermions is excluded at the 6o level on the
Perturbativity basis of the S parameter alone... (Erler & Langacker]

Direct Searches This result assumes that...any new families are degenerate  (Erer & Langacker]

Flavor

Higgs physics Just as our 3rd generation???  [Holdom; Kribs, TP, Spannowsky, Tait]
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Electroweak precision data

Electroweak precision data [Lerewwg]

Particle Data Group:
An extra generation of ordinary fermions is excluded at the 6o level on the
basis of the S parameter alone...  [Erer & Langacker]

This result assumes that...any new families are degenerate  (Erer & Langacker]
Just as our 3rd generaﬁOn ??? [Holdom; Kribs, TP, Spannowsky, Tait]

okay, got is, some people prefer a boring Z’
but for the purpose of this talk let's be honest and open minded

for our purpose: leading Sand T [au ~ oasinsm]
neutrino with Dirac mass [as < 0 for Majorana neutrinos: Kniehl, Kohrs]

fermion doublet: AS = N;/(6m)(1 —2Ylogm2/m3) 1v, = —1/2.:vq = 1/8]
old trick: compensate AS ~ AT > 0 iy

0.4

u=0
small my: AT ~ AS ~ 0.2
0.3]
large my: AT ~ AS+0.2~0.3
0.2]
Muy N mp AStot ATiot o4
310 260 115 0.15 0.19 -
310 260 200 0.19 0.20 0
330 260 300 0.21 0.22
400 350 115 0.5 0.19 0.4
400 340 200 0.19 0.20 m, =200 Gev

400 325 300 0.21 0.25 0.2 m, =300 Gev

m,=1Tev

e N N SR S|

02 01
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More precision data [alex?

4th Generation

SR, — proper ew precision fit: | sin 634 < 0.11 for my < 280 GeV  [Chanowitz)

Flavor 00 my = 500 GeV my = 500 GeV
O e

Perturbativity £ El
275 — A
Direct Searches £ ] |
250 - I~ 1
Higgs physics I 3] [} 3]
Mo e2s[- — S e
4MSSM L | ]
e - El m B
200 - E E
175:7 é -
N | | | [ N S N N
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15
|sin O] |sin 04,

— just had flavored coffee with Frau Prof Hiller
Bs — ¢*¢~ allowed in my,-sin 634 plane for small 934
— all allowed region
Mgy, My, > 100 GeV Mg, — My, =~ 30 — 60 GeV
1
My, » Ma, > 260 GeV My, — Mg, =~ (1 + =1

my
M) 50 GeV
< 5" 115GeV> x>0 e

[Vudy |, | Veay |, [Viyal < 0.04---
4 4 4
|Ueal, |Upa| < 0.01---

— small but finite 634 reasonable  [ckMmFitter? Heiko?]
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Perturbative Valldlty [review: Sher]

4th Generation

Precision data

Higgs mass and potential  [dominant RGE effect in SM]:

Flavor

2 2 2 ax 2 2 2 4
M= e e~ 12 +4ZNC (W =)+
stability bound (mJ") vs Landau pole or triviality bound (mjj#)

valid to scales comparable to Little Higgs

Perturbativity

Direct Searches

Higgs physics

vl — different for 4AMSSM  [ater] 10°F T—
3 1 m, =m, =250 Gev
— . m,, =250 Gev
t % my, =300 GeV
107
> o
>
E I
< L
10

| 1 | I | I
150 200 250 300 350 400 450 500
M, (GeV)
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Perturbative validity freview: sher]

4th Generation
Precision data -
Flavor

Perturbativity

Direct Searches

Higgs physics
4MSSM

Turn this into virtue  Hil...; Holdom] &

nggs mass and potential [dominant RGE effect in SM].

2 _ 2 2 dX 2 2 2 4

m, = Av | 167rm~12)\ +4ZNC()\yf7yf>+...
stability bound (mJ™) vs Landau pole or triviality bound (mj#*.
valid to scales comparable to Little Higgs

different for AMSSM  [aten]

A(Tev)

coupling to weak Goldstone modes strong  mg, 2 550 GevandA > 1Tev]
condensates (ligUs) = (dsds) # O (while (iry = (Bb) = 0]
bottom-up: invoke series of U(1) symmetries for
(Qur0sr) - (GaLtr) — (Oardar) (fit) — my (Ttg)
(Gurusr) - (GsLbr) — (Tarusr) (bLbr) — mp (bLbR)
improved compared to technicolored boson exchange:

no contribution to Zbb vertex ala (T, Tg) (TatL) ~ (quy,. To)(Tiy™bL)
similarly, no large u4-ds mass splitting contributing to T

computable as weakly interacting RS model  [surdman & De Rold]
simple theory without Higgs
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Direct searches (Hoidom...]

4th Generation

Precision data — assume my, Z md4 + 50 GeV [precision constraints]
Flavor — tree level via CKM: dj — tW

Perturbativity pail’ prOdUCtiOn d4d4 — bbWWWWwW

Direct Searches — loop—induced ds — bZ (coF my > 270 Gev]

Higgs physics — tree level via CKM: uy — bW [cDF my > 260 Gev)
AU pair production usts — bbWW

— small mixing: uy — dgW _
pair production usuy — bbWWWWWW

— single production better?  (rabio's taik]
the more Ws the better...

— bread—and-butter leptons plus missing energy
= (Majorana) neutrinos more interesting?
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Higgs physics

Dimension-5 Higgs couplings [e.. SFitter-Higgs; got a hacked HDecay]

- |00p effects of new particles [Arik, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]

G.a?m? 2
Moy = =2 15" NeQE A7) + Aw (7
H=97 = 1og/ond . e Qf Ar(7r) + Aw(Tw)
Guo?m} |3 2 m?
MHogg = ——— |2 Ag(m with 7 =
Ho00 = 35 |4 f 7 (1) are:

A = 2+ (= D]
Aw(r) = 7% 27 +3r+-3(2r = Df(r)]  with f(r —0) =~

(1) increase gygr — 3 X gggH
decrease g,y — 1/3 X gyyH
light—Higgs BRs suppressed by H — jets

1

8 °

Branching Ratio  BR(H)

s
8
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Higgs physics

Dimension-5 Higgs couplings [e.. SFitter-Higgs; got a hacked HDecay]

- |00p effects of new particles [Arik, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]

G.a?m? 2
Moy = =2 15" NeQE A7) + Aw (7
H=97 = 1og/ond . cQf Ar(7) + Aw(Tw)
Guo?m} |3 2 m?
MHogg = ——— |2 Ag(m with 7=
Ho00 = 35 |4 f ¢(77) ' am?

A = 2+ (= D]
Aw(r) = 7% 27 +3r+-3(2r = Df(r)]  with f(r —0) =~

(1) increase gggy — 3 X gggH
decrease g,y — 1/3 X gyyH feance, 301

light—Higgs BRs suppressed by H — jets
102
(2) factor 9 enhancement of gg — H (tevatron'?]
0gg BRyy — 0gg BRyy
UggBRzz—>(5"'8) UggBRZZ — H-zz
0| —
Howy
< s
; ---+4q - Hag
) ;
100 200 300 400 500 600

m.[GeV]
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Dimension-5 Higgs couplings [e.. SFitter-Higgs; got a hacked HDecay]
4th Generation

Precision data - |00p effects of new partlcles [Arik, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]

2
Flavor G a2m3
— H H 2
Perturbativity rH"’Y’Y - 128\/5#3 ; NCof Af(T/) + AW(TW)
Direct Searches 2 3 5 .
Guogmy |3 m

Higgs physics THegg = ns™H |2 A,(‘r,) with = — H
4MSSM %7 36v2rs |4 2{: " ane

A = 2+ (= D]

Aw(r) = 7% 27 +3r+-3(2r = Df(r)]  with f(r —0) =~

—
—_
=

increase gggn — 3 X gggH
decrease g,y — 1/3 X gyyH
light—Higgs BRs suppressed by H — jets

S

factor 9 enhancement of gg — H  [Tevatront?)
0ggBRyy — 0ggBR,y
UggBRzz—>(5'~-8) UggBRZZ 3

:1 0.4

. . . i P
misleading WBF correlations  [rp, Rainwater, Zeppentelq) ** \_/
0.2 -

T T T T T
| 4 Generations: WBF+GF ——
Standard Model: WBF+GF

3)
(4) Higgs pair production the winner  (saur, T, Rainwater] 0.1 |-
= if nothing else — what a great straw man! T B P
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Supersymmetric fourth generation

Motivated by baryogenesis and little hierarchy

— cutoff dominantly from y; Landau pole
preferable: tan 8 =1, Xy t,¢,,u, — 0

[Fok, Kribs]

250 300 350 400 450 0
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Motivated by baryogenesis and little hierarchy [Fok, kribs]

4th Generation

Precision data — cutoff dominantly from y; Landau pole

v preferable: tan 8 =1, Xy t,¢,,u, — 0

Perturbativity - nggs mass all generated by heavy |OOpS [shown pole masses)]
Direct Searches H — WW discovery channel for 4AMSSM

B EEsS light charged Higgs possible m, smal [Litsey & Sher]

4MSSM

M,

350
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Motivated by baryogenesis and little hierarchy (rok, kribs]

4th Generation

Precision data — cutoff dominantly from y; Landau pole
— preferable: tan 3 =1, Xp t,¢,,u, — O
P — Higgs mass all generated by heavy l00ps  [shown pole masses]

H — WW discovery channel for 4MSSM
e phyee light charged Higgs possible [m, smal [Litsey & Sher]

AMSSM — electroweak baryogenesis [strongly first order]
net zero-temperature effects zero in SUSY limit
finite-temperature effects only helpful from bosons
finite-temperature W, Z too small for my < myy  (Hebecker; Laine & Rummukainen]
sufficient from l]4 and C74 [2 x 2 x 3d.of]
mass range 1 < mg, /mq, < 1.1 preferred

= for once an actual motivation?

Direct Searches

Lof
mg mg

LosE

Lo

ns0f




A fourth generation at the LHC

— it's fun
— it's not ruled out
— it has many interesting faces







