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Complementarity of LHC and ILC [

_—

Complement
: to provide what

the partner lacks
and lack what the

Standard Model partner provides
3

SUSY/Extra Dimensions/Strong Dynamics

Targets of LHC and ILC (for SUSY)
LHC/ILC Complementarity & Implications

Summary

LHC/LC Study WG, Weiglein ea
Zerwas’ LCWSO07 talk
ILC RDR document
I

SUSYO07, July 30 @ Karlsruhe, Germany
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Central Problems in Particle Physics I

Electroweak symmetry breaking
Unification of forces
Microscopic spacetime structure

Connection with cosmology

i

Supersymmetry = SUSY

Impact across all microscopic scales & cosmology

——— S
—— 5 ﬂ
e —
— o il

Generating and stabilizing light Higgs boson at Terascale
Leading to unification of gauge couplings and paving path to gravity

Providing candidate particle for cold dark matter
I
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Targets of LHC and ILC on SUSY

Model-independent and high-resolution SUSY picture at Terascale
Unification of matter and interactions |F—————

ILC = International e*e- linear collider & LHC

Characteristics Satellite modes

0.5 to 1l TeV to CLIC w/ 3 TeV GigaZ: 10° Z bosons

300 fb~*/y > 1 ab~'in total e—e~ w/ same E / reduced L
90/60% e~/* polarization ge/gg via Compton backscattering


http://www.linearcollider.org/
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SUSY Path

Measure the masses and mixings of the newly produced
particles, their decay widths and branching ratios,
their production cross sections, etc.

SM particles by determining their spin and parity,
gauge quantum #’s and their couplings.

Reconstruct the low-E Lagrangian parameters with
the smallest number of assumptions, i.e.
as model-independently as possible.

Unravel the fundamental SUSY breaking mechanism
and shed light on the physics at the very
high energy (GUT or Planck) scale.
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Ek SUSY Mass Scale

700

m |[GeV]

ILC1000
CMSSM, p >0, m, = 171.4 GeV :>
tanf=10,A;=0

tanf =10, Ay = +m,,
o tanp=10,A,=-m,

tanf =10, Ay =+2m,,

tanf =10, A;=-2m,,

400 600 800
m, , [GeV]

A favorable scenario: all non-colored SUSY particles produced at ILC1000
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i
MSSM Higgs Bosons

[Djouadi and J

2 doublets ) 5 physical states
h light < 140 GeV
H, A, H* typically vto 1 TeV

-y

LHC coverage
ATLAS - 300 fb -
maximal mixing

Z
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= Higgs Couplings and Masses

Model-independent and precise “coupling” and “mass” measurements

m, = 120 GeV

MSSM prediction:

|
300 GeV <m, < 1000 GeV

7 200 GeV < m, <300 GeV

100 GeV < m, <200 GeV

b 15 1-2 -50 0 50 1000

910p/9top(SM)

Reduced theoretical uncertainty
@ precise m; measurement at ILC

) reliable A: determination

Precision ) ILC reach
far beyond LHC reach

Different BSM models ) different deviation patterns
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.

Higgs Boson in SUSY or Extra-D? ) Model-independent analysis!
— = el

£30%
20% b
+10%
e (. O T T T O T T R St LRReS

-10%

Deviation from SM value

Coupling
~ measurements

-

+10%

0%(SM)

Deviation from SM value

S. Yamashita (ACFA WS Taipei)

Same branching fractions as SM, but different widths
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MSSM Higgs Sector with CP Violation

o

. Loop corrections ) h, H are mixed with A ) Hs, Hz, Hs

Large effects in decoupling regime
due to degenerate H and A

« shift in complex masses w/widths
g ¥ Hz, Hs with polarized photons

Masses and couplings

Circular asymmetry [(++) — (--)]

o
I 50 75 100 125

arg (A,) = arg {4y) | deg |

0.4 0.6
550 75 100 125 (I)\[ITI

arg (A =arg (4,) | deg |

//%
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S _
Extended Higgs Sector: NMSSM, USSM etc

Two doublets Hi, H2 & one isosinglet S |

. NMSSM typical mass spectrum

h, H @ HO ) Hl, H2’ H3 PQ slightly broken

s00L— CPeven

Ao A D) A A2 ~ (Podd
Hi —e-ov. Charged

_ Hi ¥ AjA; ¥ bbbb
—% [dlfflcult to observe at LHC]

0
- 0 100 200 300 400 500 600 700 800 900
= M_ (GeV)

USSM: SM®U(1)

One CP-odd state eaten by U(1) —
Z' boson ) Hi, H2, H3 & A & H*

Distinct Z° couplings to fermions

10

— I
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SUSY mass reach at LHC

m,, (GeV)

1200

1000

300 4

SUSY Particle Masses at LHC

1400

Ay =0, tanf =35, 1=0 ‘

S Veg,
=l high
N ° 7]

e

. 2(3000)
33 PRnbEEL SRyt U
“ .H.r;,?'.,J

“Precise” differences, but
“Crude” absolute masses

Discovery of colored gluino/squarks
with mass up to 2.5 to 3 TeV

Eventsi Gev100 o

Cascade decays

]
=

g
T

oA

S

E

g

T

Evenis5 Gevi100 fo”!

&

8
I

=

=1
=

I
=

o

2

=
T

0 AL T I -
200 400 600 80 100 120

(1) (GEV) m(Chiot) (G&V)

mill) (Gev

L | L L L L | L L
200 300
Sparticle masses and mass differences [GeV]


http://www.pdffactory.com
http://www.pdffactory.com

T,
™ SUSY Particle Masses at ILC filling voids

accuracy increased

by one to two orders

Threshold excitations

200X1X‘1 i
— I « L =10 b~ /po:l:nt
= | |
2 | | | Mass, ideal || “LHC”
150
i 179.7 0.55 0.55
100} 5 382.3 = 3.0 3.0
AL ; N N5
_ %9 97.2 4.8 \ 0.05
so %3 180.7 4.7 T2 [T 0.08
f ér 143.9 4.8 0.05 0.05
0—25e =60 =2Zea4 =66 ér 207.1 5.0 0.2 0.2
Eoms [GeV]
e 191.3 - 1.2 1.2
= iR 143.9 4.8 0.2 0.2
e Decay edges = 134.8 5-8 0.3 0.3
e _..,.1'——
== 7o 210.7 - 1.1 1.1
7 570.6
399.5
586.3
604.0
110.8
399.1

40

120

lepton energy E, [GeV]

“Absolute” mass determination

Coherent LHC ® ILC D)

comprehensive and high
resolution SUSY picture

voids in spectrum
percent accuracy
mass diff permille
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-.. F—- ] ) ) )
Mixing Parameter Determination

R/G for L¥[11] and B for R*[11]

Analogously for staus and sbottoms
Similar studies at LHC??

175
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i ——

. ILC D) various methods
Thres excitation Ang distr

s L HC

G — qxz — qf'*f?‘ — g0t XY — gl B
[q, I I ] invariant masses
affected by Intermediate spins

| o ( Hml [‘l

Charge asymmetry in [ql*] and [ql]

1000 1100 1200

200 300 400 500
m]q/GeV

14
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Yukawa=Gauge

LHC SU@)c

9s(qqq) = g:(qqg)

Test in cross section for
like-sign di-lepton pairs
) accuracy — 5%
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..

Extracting SUSY Parameters at Terascale

Well-defined theoretical
scheme and conventions
for multi-loop LHC and
ILC analyses

102.545.3
191.847.3
H78.£15.
198.745.1
138.245.0
530.113.
529.1:20.
526.1:20.

102.310.1
192.5+0.7
198.740.2
138.2£0.05

019427
344.342.3
10.340.3

MSSM

102.2£0.1
191.840.2
588,111,
198.71+0.2
138.240.05

344.421.0
10.0610.2

-504.9

34.3
10

16
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i
Extended SUSY Models: USSM = MSSM ® U(1) etc

- 6 neutralinos: 4 MSSM states & singlino and U(1) gaugino
[identical chargino spectrum]

Production

=
=
=
=
=
-
wh
o
“
&

1000 2000 3000 4000 5000 s 1000 3000 3000 4000 000

M| [GeV] M, [GeV]

Patterns very different from MSSM

Crucial to have high-precision data for model identification
i,
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—

RGE Extrapolation to GUT/Planck Scale

—

Gauge couplings

Reconstruction of
fundamental theory ~ L

/ot

60 E

= 60 Fwr g g b
_ ™ SM N N MSSM
Exploration of 0 E ~ L~ -
microscopic SUSY 0Ty AT A
breaking 0 0 ErT——TTN

Symmetries/universal
behavior at L ?

Impact of high-scale
physics?

!

LHC & ILC era

| I Present/” LHC” | GigaZ /"LHC+LC”

Crucial to have reliable RGE programs

My (2.36 £ 0.06) - 1016 Gev | (2.360 & 0.016) - 1016 GeV
24.19 + 0.10 24.19 + 0.05

0.97T = 0.45 0.95 = 0.12
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- RGE Extrapolation to GUT/Planck Scale

D, 0, U E L

MSUGRA
Universal gaugino
and sqalar masses

See-saw affects evolution ) RG evolution
of t slepton and sneutrino
masses, but not of 1st/2nd

generation masses

M, /GeV

Other SUSY breaking scenarios = [Blair, Porod, P. Zerwas] 19
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= LHC @ ILC & Neutralino CDM

[WMAP] : QA% = 0.1041 5397 ~ 10% = 1.4% [PLANCK]

o

character channel sensitivity || LHC | (500) || (1000)
SPSla’ | buck/co-an || XX — 77,bb / co-an | 7,b 10% | 3% 2%
LCC2 | focus point || ¥¥ — WW, ZZ VH mix | 80% |14% | 8%
LCC3 | 7% coann. || 77 — 7 M[F =59 || 176% | 50% | 18%
LCC4 | A funnel XX — A Mo, T4 405% | 85% || 19%

T U T T T
No EWSB o 30 FrT
4 L 1 LCCH LCC4
& 0t
R 800+ (HCHLE-1000

b LHC+LC-1000

3 3 3 3

~ ~ ~ ~

oL i i %

T 600 N g wt

2 2 220r 2

g E ¢ £

1 v 1 o

2 2 ]

i I 3 Bypl _

2 LHCHLE-560 8 E 10 2 "

2o g 0 LKC+LC-500 0 1

] a o o q
[ h h [HCHC-500 A
b LHe r el ) 1

0 0 \.ﬂ'lll\nm-um::::: v T

0
0 005 01 Qa5 02 0 005 01 015 02
2

oy

Similar to SPS1a
Significant improvement if over-all picture under better control 20


http://www.pdffactory.com
http://www.pdffactory.com

Summary

LHC and ILC can contribute coherently and
complementarily to solutions of key questions

In particle physics and cosmology. - -

Need to be demonstrated!

Comprehensive and high-resolution picture

of (not only) SUSY (but also alternatives)
) Telescope to unification of interactions and

connection of particle physics to cosmology

21
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EW Baryogenesis © CDM

>

1t PT: light R-stop %

Stop-LSP co-annihilation

Large CP phase [C]
Degenerate R-stop/LSP

23
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BN Alternative: Strong EWSB

Little Higgs Models -

104

J O A1 UU

)ectrum of TeV particles 1000
@ light Higgs sector

- T Vs =800 GeV
e e — ttbb [L—1ab"

#evt/2 GeV Geen = 0.2

=

100 m, =50 GeV

-

Pseudoscalar h: ete™ — ttn | n — bb 10

50 100
Minv(bE’) [GeV]

Parameters almost completely covered.

T
e
- =

i

e = e
—_ - — e
o

{_-_- = = \iinimal Strong Theory

“No light states but [WW] with mass ~ 1 TeV
in O, 1-... observed In WW scattering

LI Ul

s = 1TeV

L = 1000fh !

ete —WWZ

Sensitivity: L. <4pv " 3 TeV
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YA b
250 500 750 1000 1250 1500

550 600 650 T00 750 800 830 900
e Vs (GeV)

i cm—
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Intermediate Scale; Z¢

15 20
m,, [TeV]

Virtual extension to 15 TeV

Z' couplings distinguishing models

48]
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Which are/is most reliable?

mhf =300, tanj! =10, A0 =0,u >0, mt = 175

1000 — ISAJET7.75

| — SoftSUSY2.0.11
SPheno2.2.3

—— SuSpect2.3

=]
R

g

>
®
)
=y
w
=2
wn
<

F=Y
8
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Summary .

LHC and ILC can contribute coherently and
complementarily to solutions of key questions
In particle physics and cosmology.

Need to be demonstrated!

Comprehensive and high-resolution picture

of not only SUSY but also alternatives
) Telescope to unification of interactions and

connection of particle physics to cosmology
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