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LHC is turning on:

Tremendously exciting time for

HEP experimentalists!

Phenomenologists are also very

excited:

- New models

- New collider studies

- New analysis method ideas
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In this talk I’ll sample a few recent developments:

- Walking technicolor at LHC

- “Exotic” multi-Higgs models

- A new method for reconstructing decay chains
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Walking technicolor at LHC
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Walking technicolor at LHC

Technicolor: born in the late 1970’s (Weinberg, Susskind) by

analogy to QCD.

Electroweak symmetry breaking caused by strong dynamics.

Heavy top quark mass posed a big difficulty:

solution was “walking” technicolor, in which the strong coupling

gTC runs very slowly.

This pushes up the scale where flavour dynamics has to happen

and avoids FCNCs.

TC “killed” by precision electroweak constraints. . .

But news of technicolor’s death has been greatly exaggerated!
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Technicolor is strongly coupled: can’t calculate precision elec-
troweak observables!

Original approach: assume TC is just like QCD, measure hadron
stuff, extrapolate to EW precision constraints.

Result: corrections much too big, ruled out by LEP.
But walking technicolor is not just like QCD!

New developments:
+ Randall-Sundrum warped extra dimensions
+ AdS/CFT correspondence (“holography”)
= walking technicolor!

Conformal field theory (CFT): couplings do not run.

Walking technicolor: couplings run very slowly.

“Dual” gravitational theory in 5th dimension is weakly coupled.
Can actually compute electroweak precision observables, spec-
trum, phenomenology, etc.

Technicolor is once more a viable option for EWSB!
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Renaissance of technicolor model-building

Template for walking technicolor

❏ Rho and axial vector mesons introduced by hidden local gauge
symmetry

⇒ four-site moose

! ! !!"
#$

!"
#$

!"
#$

!"
#$

g̃0 g g′ g̃0

f v f

NL M NR

SU(2)′L SU(2)L SU(2)R SU(2)′R

NL → u′
LNLu†

L ; NR → uRNRu′†
R nonlinear sigma

−→ write down a general (parity & gauge invariant) effective field
theory

Matti Järvinen April 29, 2008 4/9

M. Jarvinen, talk at Pheno 2008 Symposium

Simple “moose” models; technicolor vector mesons (techni-rho,

etc.) modelled as massive vector bosons of broken gauge sym-

metries.

- Higgsless models; Drell-Yan signatures

Recent progress:

Implementation of model Feynman rules into CalcHEP, Sherpa,

MadGraph, etc. for efficient collider studies.
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Drell-Yan production of

Techni-W±
1,2

Low Luminosity Signals: Drell-Yan

• Nonzero fermion-resonance coupling:
          Drell-Yan is the dominant production mode

• Choosing couplings to satisfy all LEP +  Tevatron constraints 
(contact interactions, direct + indirect bounds), 
                    we can still get a spectacular signal.

σ(pp→W1,2 →WZ) ∝ M4
W1,2

M2
ZM2

W

Enhancement from 
decays to longitudinal 

polarizations

W±
1,2

Z0f ′

W±f
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2 plots for different effective warp factors

Comparison:
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Effective Warp Factors

Two peaks

Pure AdS Low-Scale TC

Only one peak
 or noMW2 !MW1

gW2WZ MW2
∼= MW1 , gW2WZ "= 0

pp→W±Z → 3! + ν

oV = 0, oA = 0

(AM, Les Houches ’07)
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Fermiophobic

Techni-W case:

A. Martin, talk at

Pheno 2008

Symposium

High Luminosity Signals: Fermiophobic

• ‘Ideally delocalized’ scenario: resonances 
decouple from SM fermions

• Fine tuned, but very few constraints

• Resonances produced via associated 
production

(Matchev, Perelstein ’05
He, et al ‘07)

Higgsless:

f

f ′

W±

Z0

Z0

W±
1,2

W±

gffV
∼= 0
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Fermiophobic Example:

• High luminosity necessary 
for discovery

• Parton level estimates 
overly optimistic

• More clean signatures:

• New signatures: 

pp→ 4! + jj

L ! 300 fb−1

5! + ν

3! + ν + jj

W + γγ

W + γ + Z
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1.) 2 jets, pT > 15 GeV, |η| < 4.5
|Mjj −MW | < 20 GeV

2.) nlep = 4, pT > 10 GeV, |η| < 2.5
3.) pT,Zleading > 240 GeV

4.)
∑

ZZ+jj

pT < 45 GeV

(cuts from He, et al)
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Exotic multi-Higgs models
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Exotic multi-Higgs models

Most familiar models are multi-Higgs-doublet models.

- Couplings of Higgs to WW and ZZ are proportional to that
Higgs’s contribution to EWSB.

! !

'↵↵⇤✓✏◆⌧⇤⌦*⇧+,⌥◆⌅￼0⌦↵⌫⇧⌃⌦;⇧⌅⇣1◆⌅◆⌃6⌥⌦
◆￼￼0⌦⌘⇤✓✏⇧⌫0⌦

! ✏ ⇧⇣⌃⌘✓)◆✓✓⇧⌃,￼￼.⌃⇣,⇤⇣✓⌃
✓ ⇣✓⇧￼),)✓￼⌫⌃⇠⇡

! ✏ ⇧⇣⌃⌘✓)◆✓✓⇧⌃⇢4⇢￼⌫⌃⇠⇢

⌘✏6⌅$6⌫$⌦1⇧$⇤⌥ 1⇧⌫⇤⌦*⇧⌃,⌥◆✓6✏⇤$⌦1⇧$⇤⌥

- Couplings of Higgs to SM fermions are through Yukawa inter-
actions.

! !

'↵↵⇤✓✏◆⌧⇤⌦*⇧+,⌥◆⌅￼0⌦↵⌫⇧⌃⌦;⇧⌅⇣1◆⌅◆⌃6⌥⌦
◆￼￼0⌦⌘⇤✓✏⇧⌫0⌦

! ✏ ⇧⇣⌃⌘✓)◆✓✓⇧⌃,￼￼.⌃⇣,⇤⇣✓⌃
✓ ⇣✓⇧￼),)✓￼⌫⌃⇠⇡

! ✏ ⇧⇣⌃⌘✓)◆✓✓⇧⌃⇢4⇢￼⌫⌃⇠⇢

⌘✏6⌅$6⌫$⌦1⇧$⇤⌥ 1⇧⌫⇤⌦*⇧⌃,⌥◆✓6✏⇤$⌦1⇧$⇤⌥

Lots of LHC studies for Type II 2HDM – as found in MSSM.
Not so much for other 2HDMs or more exotic models.
Big territory to explore: surveys of models, general parameteri-
zations of couplings, studies of exotic models.
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“Lepton-specific Higgs”

Consider a 2HDM in which one doublet couples only to quarks
(both up- and down-type) and the other couples only to leptons.

LYuk = yij
u Q̄iΦ̃quj + y

ij
d Q̄iΦqdj + y

ij
` L̄iΦ`ej + h.c.

Can get enhancement of Higgs coupling to leptons.
Affects LHC Higgs search channels!

! !

)◆#✓⇧⌧⇤⌫◆⌅￼⌦,⌦⇡ /⇤⌦A.⌦◆￼￼#

⌘1 ⇡ /⇤⌦A.

)⌫,⌃,✏◆✓⌦
'⌅⇥,⌅✓⇤⌃⇤⌅✏=

B. Thomas, talk at Pheno 2008 Symposium
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“Lepton-specific Higgs”

Consider a 2HDM in which one doublet couples only to quarks
(both up- and down-type) and the other couples only to leptons.

LYuk = yij
u Q̄iΦ̃quj + y

ij
d Q̄iΦqdj + y

ij
` L̄iΦ`ej + h.c.

Can get enhancement of Higgs coupling to leptons.
Affects LHC Higgs search channels! Unusual channels become interesting.

! !

 ⇤#✏⇧⌅◆✓⌦)◆+✓⇧⌧⇤⌫ ⌦*⇥1⌅⌅⇤⌥+

⇡ #⇤⌦A.⌘1

B. Thomas, talk at Pheno 2008 Symposium
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“Private Higgs” R.A. Porto & A. Zee, arXiv:0712.0448 [hep-ph]

Aim to explain quark mass hierarchy

Introduce one Higgs doublet for each quark!

- Top quark’s “private Higgs” responsible for

W , Z masses

- Light quark masses explained by small vevs;

seesaw between MHi
and vi

Singlets with discrete symmetries provide

dark matter candidate

- Talk to rest of particles via Higgs exchange

- Good potential for indirect detection from

SS → γγ C.B. Jackson, arXiv:0804.3792 [hep-ph]

Motivation

• “Gi-normous” hierarchy in the fermion 
mass spectrum 

• Quark sector: Top quark is 105 times 
heavier than up quark! (top special?)

• Only one Higgs doublet (e.g., SM):

mass hierarchy ⇄ Yukawa hierarchy

• Possible explanations?

• SUSY: Yukawa unification in 
         S0(10) GUTs

• ExDim: “location, location, location, ...”

• Something simpler?
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Neutrino masses from a Higgs triplet

Introduce a hypercharge-2 Higgs triplet:

∆ =

(
δ+/

√
2 δ++

δ0 −δ+/
√

2

)
Couple it to lepton doublet and to Higgs doublet:

L = −yij
ν LT

i Ciσ2∆Lj + mHT iσ2∆
†H + h.c. + · · ·

SM Higgs vev triggers triplet vev; triplet vev gives Majorana
neutrino masses:

v∆ =
mv2

H√
2M2

∆

Mν ∼
√

2v∆yν

Phenomenology: doubly-charged Higgs!

H++ → `+`+ for small v∆

H++ → W+W+ for large v∆

Tong Li, talk at Pheno 2008 Symposium

Perez, Han, Huang, Li & Wang, arXiv:0803.3450, 0805.3536

H++ Decay BR: yν vs v∆

10
-3

10
-2

10
-1

1

10 -5 10 -4 10 -3 10 -2

v 
Δ
(GeV)

BR
(H

++
)

Mν ∼
√

2v∆yν ,
Γ("")

Γ(WW ) ≈
(

Mν
M∆

)2 (
v0
v∆

)4Heather Logan What’s new at the energy frontier CAP Congress June 2008
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Decays of H++ ↔ neutrino mass matrix! 17

FIG. 13: Scatter plots for the H++ decay branching fractions to the flavor-diagonal like-sign dileptons versus the

lowest neutrino mass for NH (left) and IH (right) with Φ1 = Φ2 = 0.

FIG. 14: Same as Fig. 13, but forH++ decay to the flavor-off-diagonal like-sign dileptons.

values will be known to a better precision one can improve our predictions for the lepton number violating

Higgs decays.

The total decay width of H++ depends on the neutrino and Higgs triplet parameters. In terms of v∆,

the minimal width or the maximal decay length occur near the cross-over between WW -dominant and !!-

dominant regions near 10−4 GeV. As seen in Fig. 15, the proper decay length can be as large as cτ >∼ 10 µm.

Perez, Han, Huang, Li & Wang, arXiv:0805.3536 [hep-ph]
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Decays of H++ ↔ neutrino mass matrix!

17

FIG. 13: Scatter plots for the H++ decay branching fractions to the flavor-diagonal like-sign dileptons versus the

lowest neutrino mass for NH (left) and IH (right) with Φ1 = Φ2 = 0.

FIG. 14: Same as Fig. 13, but forH++ decay to the flavor-off-diagonal like-sign dileptons.

values will be known to a better precision one can improve our predictions for the lepton number violating

Higgs decays.

The total decay width of H++ depends on the neutrino and Higgs triplet parameters. In terms of v∆,

the minimal width or the maximal decay length occur near the cross-over between WW -dominant and !!-

dominant regions near 10−4 GeV. As seen in Fig. 15, the proper decay length can be as large as cτ >∼ 10 µm.

Perez, Han, Huang, Li & Wang, arXiv:0805.3536 [hep-ph]

Neutrino mixing matrix → flavour-nondiagonal decays.

Interesting LHC opportunity to probe neutrino physics.
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New method for
reconstructing decay chains
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New method for reconstructing decay chains

SUSY particles pair-produced

Decay in a cascade down to LSP
g̃ q̃R

q q

Ñ1

(a)

g̃ q̃L

q q

Ñ2 f̃

f f

Ñ1

(b)

g̃ q̃L

q q′

C̃1 f̃

f ′ f

Ñ1

(c)

g̃ q̃L

q q′

C̃1 W

Ñ1 f ′

f

(d)

Figure 8.2: Some of the many possible examples of gluino cascade decays ending with a neutralino
LSP in the final state. The squarks appearing in these diagrams may be either on-shell or off-shell,
depending on the mass spectrum of the theory.

8.5 Decays to the gravitino/goldstino

Most phenomenological studies of supersymmetry assume explicitly or implicitly that the lightest neu-
tralino is the LSP. This is typically the case in gravity-mediated models for the soft terms. However,
in gauge-mediated models (and in “no-scale” models), the LSP is instead the gravitino. As we saw in
section 6.5, a very light gravitino may be relevant for collider phenomenology, because it contains as its
longitudinal component the goldstino, which has a non-gravitational coupling to all sparticle-particle
pairs (X̃,X). The decay rate found in eq. (6.32) for X̃ → XG̃ is usually not fast enough to compete
with the other decays of sparticles X̃ as mentioned above, except in the case that X̃ is the next-to-
lightest supersymmetric particle (NLSP). Since the NLSP has no competing decays, it should always
decay into its superpartner and the LSP gravitino.

In principle, any of the MSSM superpartners could be the NLSP in models with a light goldstino,
but most models with gauge mediation of supersymmetry breaking have either a neutralino or a charged
lepton playing this role. The argument for this can be seen immediately from eqs. (6.58) and (6.59);
since α1 < α2, α3, those superpartners with only U(1)Y interactions will tend to get the smallest
masses. The gauge-eigenstate sparticles with this property are the bino and the right-handed sleptons
ẽR, µ̃R, τ̃R, so the appropriate corresponding mass eigenstates should be plausible candidates for the
NLSP.

First suppose that Ñ1 is the NLSP in light goldstino models. Since Ñ1 contains an admixture of
the photino (the linear combination of bino and neutral wino whose superpartner is the photon), from
eq. (6.32) it decays into photon + goldstino/gravitino with a partial width

Γ(Ñ1 → γG̃) = 2 × 10−3 κ1γ

( m
Ñ1

100 GeV

)5
( √〈F 〉

100 TeV

)−4

eV. (8.9)

Here κ1γ ≡ |N11 cos θW + N12 sin θW |2 is the “photino content” of Ñ1, in terms of the neutralino
mixing matrix Nij defined by eq. (7.33). We have normalized m

Ñ1
and

√〈F 〉 to (very roughly)
minimum expected values in gauge-mediated models. This width is much smaller than for a typical
flavor-unsuppressed weak interaction decay, but it is still large enough to allow Ñ1 to decay before it
has left a collider detector, if

√〈F 〉 is less than a few thousand TeV in gauge-mediated models, or
equivalently if m3/2 is less than a keV or so when eq. (6.31) holds. In fact, from eq. (8.9), the mean

85

LSPs escape the detector (2 per event)

2 missing particles → reconstructing SUSY masses is not so easy!

But we need to measure those masses in order to do this:
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Figure 2: mSUGRA: Evolution, from low to high scales, of (a) gaugino mass parame-

ters, and (b) unification of gaugino mass parameter pairs; (c) evolution of first–generation

sfermion mass parameters and the Higgs mass parameter M2
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; (d) evolution of third–
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. The mSUGRA
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Blair, Porod & Zerwas, hep-ph/0210058 [mSUGRA]
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Classic method:

Use kinematic edges to get mass differences in decay chain.
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Figure 5: Reach for observing dilepton endpoints in SUGRA models with 1 fb−1, 10 fb−1

and 100 fb−1. Theory (TH) and experimental constraints are also indicated [4].
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Figure 6: Dilepton + jet distributions for mSUGRA Point 5 as described in the text.

illustrated in Figure 5. In particular, a large part of the mSUGRA parameter space with
acceptable cold dark matter has light sleptons and hence enhanced !+!− decays.

104 pb-1

105 pb-1

900

800

700

600

500

400

300

200

100

0 50 100 150 200 250 300 350 400 450 500

m0  (GeV)
m

1/
2 

 (G
eV

) tanβ = 2, A0 = 0,
µ < 0

D_
D_

10
61

n

TH
LEP2 + Tevatron (sparticle searches)

TH

EX

103 pb-1

Figure 5: Reach for observing dilepton endpoints in SUGRA models with 1 fb−1, 10 fb−1

and 100 fb−1. Theory (TH) and experimental constraints are also indicated [4].

0

50

100

150

200

0 50 100 150
mll (GeV)

dσ
/d

m
ll (

Ev
en

ts
/1

00
fb

-1
/0

.3
75

G
eV

)

(a)

0

100

200

300

400

0 200 400 600 800 1000
mllq (GeV)

dσ
/d

m
llq

 (E
ve

nt
s/

10
0f

b-1
/5

G
eV

)

(b)

0

100

200

300

400

0 200 400 600 800 1000
High mlq (GeV)

dσ
/d

m
lq

 (E
ve

nt
s/

10
0f

b-1
/5

G
eV

)

(c1)

0

200

400

600

0 200 400 600 800 1000
Low mlq (GeV)

dσ
/d

m
lq

 (E
ve

nt
s/

10
0f

b-1
/5

G
eV

)

(c2)

0

50

100

150

0 200 400 600 800 1000
mllq (GeV)

dσ
/d

m
llq

 (E
ve

nt
s/

10
0f

b-1
/5

G
eV

)

(d)

0

20

40

60

80

100

0 200 400 600 800 1000
mhq (GeV)

dσ
/d

m
hq

 (E
ve

nt
s/

10
0f

b-1
/5

G
eV

)

(e)

Figure 6: Dilepton + jet distributions for mSUGRA Point 5 as described in the text.

illustrated in Figure 5. In particular, a large part of the mSUGRA parameter space with
acceptable cold dark matter has light sleptons and hence enhanced !+!− decays.
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Figure 5: Reach for observing dilepton endpoints in SUGRA models with 1 fb−1, 10 fb−1

and 100 fb−1. Theory (TH) and experimental constraints are also indicated [4].
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Figure 6: Dilepton + jet distributions for mSUGRA Point 5 as described in the text.

illustrated in Figure 5. In particular, a large part of the mSUGRA parameter space with
acceptable cold dark matter has light sleptons and hence enhanced !+!− decays.

Paige, hep-ph/0211017
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Mass uncertainties highly correlated; uncertainties fairly large.

SPS1a SPS1a′

SPS1a,  LHC/ILC study

10 Supersymmetry Parameter Analysis: SPA Convention and Project
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ν̃l
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ν̃τ
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χ̃0
2

χ̃0
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χ̃0
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χ̃±
1

χ̃±
2

q̃R

q̃L

g̃

t̃1

t̃2

b̃1

b̃2

h0

H0, A0 H±

Particle Mass [GeV] Particle Mass [GeV]

h0 116.0 τ̃1 107.9

H0 425.0 τ̃2 194.9

A0 424.9 ν̃τ 170.5

H+ 432.7 ũR 547.2

χ̃0
1 97.7 ũL 564.7

χ̃0
2 183.9 d̃R 546.9

χ̃0
3 400.5 d̃L 570.1

χ̃0
4 413.9 t̃1 366.5

χ̃+
1 183.7 t̃2 585.5

χ̃+
2 415.4 b̃1 506.3

ẽR 125.3 b̃2 545.7

ẽL 189.9 g̃ 607.1

ν̃e 172.5

Table 5. Mass spectrum of supersymmetric particles [56] and Higgs bosons [58] in the reference point SPS1a′. The
masses in the second generation coincide with the first generation.

Particle Mass “LHC” “ILC” “LHC+ILC”

h0 116.0 0.25 0.05 0.05

H0 425.0 1.5 1.5

χ̃0
1 97.7 4.8 0.05 0.05

χ̃0
2 183.9 4.7 1.2 0.08

χ̃0
4 413.9 5.1 3 − 5 2.5

χ̃±
1 183.7 0.55 0.55

ẽR 125.3 4.8 0.05 0.05

ẽL 189.9 5.0 0.18 0.18

τ̃1 107.9 5 − 8 0.24 0.24

q̃R 547.2 7 − 12 − 5 − 11

q̃L 564.7 8.7 − 4.9

t̃1 366.5 1.9 1.9

b̃1 506.3 7.5 − 5.7

g̃ 607.1 8.0 − 6.5

Table 6. Accuracies for representative mass measurements
of SUSY particles in individual LHC, ILC and coherent
“LHC+ILC” analyses for the reference point SPS1a′ [mass
units in GeV]. q̃R and q̃L represent the flavors q = u, d, c, s.
[Errors presently extrapolated from SPS1a simulations.]

While the picture so far had been based on evaluat-
ing the experimental observables channel by channel,
global analysis programs have become available [67,
68] in which the whole set of data, masses, cross sec-
tions, branching ratios, etc. is exploited coherently to
extract the Lagrangian parameters in the optimal way
after including the available radiative corrections for
masses and cross sections. With increasing numbers of
observables the analyses can be expanded and refined
in a systematic way. The present quality of such an

analysis [68] can be judged from the results shown in
Table 7. These errors are purely experimental and do
not include the theoretical counterpart which must be
improved considerably before matching the experimen-
tal standards.

Extrapolation to the GUT scale

Based on the parameters extracted at the scale M̃ , we
can approach the reconstruction of the fundamental su-
persymmetric theory and the related microscopic pic-
ture of the mechanism breaking supersymmetry. The
experimental information is exploited to the maximum
extent possible in the bottom-up approach [12] in which
the extrapolation from M̃ to the GUT/Planck scale
is performed by the renormalization group evolution
for all parameters, with the GUT scale defined by the
unification point of the two electroweak couplings. In
this approach the calculation of loops and β functions
governing the extrapolation to the high scale is based
on nothing but experimentally measured parameters.
Typical examples for the evolution of the gaugino and
scalar mass parameters are presented in Fig. 1. While
the determination of the high-scale parameters in the
gaugino/higgsino sector, as well as in the non-colored
slepton sector, is very precise, the picture of the col-
ored scalar and Higgs sectors is still coarse, and strong
efforts should be made to refine it considerably.

On the other hand, if the structure of the theory at
the high scale was known a priori and merely the ex-
perimental determination of the high-scale parameters
were lacking, then the top-down approach would lead
to a very precise parametric picture at the high scale.
This is apparent from the fit of the mSUGRA parame-
ters in SPS1a′ displayed in Table 8 [67]. A high-quality
fit of the parameters is a necessary condition, of course,

[Left] M. Chiorboli et al., in hep-ph/0410364; dots are LHC, vertical bands are ILC

[Right] Supersymmetry Parameter Analysis group report, hep-ph/0511344; all masses in GeV

Kinematic endpoint method “throws away” lots of events.
Can we do better?
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Method of Kawagoe, Nojiri & Polesello, PRD 71, 035008 (2005):

Consider a long decay chain, e.g.

g̃ → b̃b2 → χ̃0
2b1b2 → ˜̀b1b2`2 → χ̃0

1b1b2`1`2
5 mass-shell constraints

4 unknown components of neutralino 4-momentum

Each event defines a different 4-dim hypersurface in the 5-dim

parameter space of masses.

Combine hypersurfaces of ≥ 5 events: all overlap at the true

solution point.

* Need at least 5 mass-shell constraints in the decay chain for

method to work.
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New method:
H.-C. Cheng, Gunion, Z. Han, Marandella & McElrath, JHEP
0712, 076 (2007)

Take advantage of pair production of SUSY particles; look at
both sides of the event.

from B. McElrath, talk at Pheno 2008 Symposium
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Process depends on 8 final-state 4-momenta (8× 4 = 32 d.o.f.)

Measure 6 visible final-state 4-momenta (6×4 = 24 constraints)

2 components of missing momentum are measured (2 constraints)

px
1 + px

2 = px
miss, p

y
1 + p

y
2 = p

y
miss

32− 24− 2 = 6 unmeasured d.o.f. remain.

We have four further constraints per event:

(p1 + p3 + p5 + p7)
2 = (p2 + p4 + p6 + p8)

2 = M2
Z

(p1 + p3 + p5)
2 = (p2 + p4 + p6)

2 = M2
Y

(p1 + p3)
2 = (p2 + p4)

2 = M2
X

p2
1 = p2

2 = M2
N

Only 32− 24− 2− 4 = 2 unconstrained d.o.f. in one event.
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Add a second event:

32 more d.o.f.

32− 24− 2 = 6 unmeasured d.o.f. from second event.

4 further constraint equations for second event:

(q1 + q3 + q5 + q7)
2 = (q2 + q4 + q6 + q8)

2 = M2
Z

(q1 + q3 + q5)
2 = (q2 + q4 + q6)

2 = M2
Y

(q1 + q3)
2 = (q2 + q4)

2 = M2
X

q21 = q22 = M2
N

32− 24− 2− 4 = 2 unconstrained d.o.f. from second event.

Plus 4 more constraint equations when you require that MX, MY ,

MZ, and MN are the same in the two events.

These are enough to solve the system.

* Need at least 4 mass-shell constraints in the decay chain for

method to work.
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Example: SPS1a B. McElrath, talk at Pheno 2008 Symposium

Entries  11662

mass (GeV)
0 100 200 300 400 500 600 700 800 900 1000

so
lu

tio
ns

/G
eV

10

210

310

410
Entries  11662

Ideal momenta, no combinatorics
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Example: SPS1a B. McElrath, talk at Pheno 2008 Symposium

M

Entries  1164711

mass (GeV)
0 100 200 300 400 500 600 700 800 900 1000

so
lu

tio
ns

/G
eV

0

2000

4000

6000

8000

10000
Entries  1164711Entries  1164711

Momenta reconstructed with ATLFAST; combinatorics included
with cuts to reduce combinatorics bias

Already better resolution than endpoint method.
Can make mass-bump plots!
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Canadian connection

Canadian phenomenology community is small but growing

- New hires at TRIUMF, York U.

- Search this coming year at Carleton

Expertise in wide range of BSM

- Holographic Technicolor phenomenology – Veronica Sanz → York 2009

- John Ng (TRIUMF) + postdoc & student – neutrino mass models

- Carleton students – Leptonic 2HDM, similar neutrino mass model

- Many others: faculty, postdocs & students

- Connections outside of Canada

Advertisement:

LHC Phenomenology Workshop Dec 17 at Carleton

(“Day 3” of December ATLAS Canada meeting)
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Conclusions

Technicolor is alive and kicking
- Active model building
- Parameterization framework for LHC phenomenology
- Implementation into parton-level event generators
- Colldier studies

Broader surveys of two- (or more-) Higgs-doublet models
- Framework for interpreting non-standard Higgs couplings
- Framework for parameterizing H±, A0, etc. couplings

Triplet Higgs phenomenology for neutrino mass models
- H±± → `±`±

New mass reconstruction techniques for long decay chains ending
in dark matter particles

Let’s collaborate more!
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