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il Contributions

o
= Something out of nothing: dark matter observation and mass

Charge, Contibutions determination in photon + missing energy events at the ILC
by Partha Konar
BMhmgkmdfME = Preliminary Study of BeamCal Capabilities in the Detection of
S pectic Modee the Two Photon Signal
Vi rom ~-Backaround by Uriel Nauenberg
Summary and Outlook = Solving the LHC Inverse Problem at ILC: Close Mass Chargino

Analyses
by James Gainer

= Higgs decays to invisible modes at the LHC and ILC
by Heather Logan

= Electroweak Baryogenesis in the (n)MSSM and ILC Physics
by Carlos Wagner

= Missing Energy in the channel - stop to neutralino and charm-
and mass precision measurement
by Caroline Milstene
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/Ir  Charge to Conveners

JLF
Chorge, Contbuons 1. What does the physics require of the detector, in
terms of coverage and capability. Are present
detectors missing some important physics?
Speciic Mol 2. How does the detector performance tradeoff with
A= ) e physics output? What performance do we really
Summary and Outlook n eed f)

3. Is the technology "there" for the required

detectors and performance? What needs more
work?
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,"I": 0. How do we find something that’s missing?

LS e
!
Charge, Contributions !
e Contributions ;
e Charge to Conveners
" .

Benchmark modes for ME

Specific Models

& o
ME from ~y-Background M ls s l n g .’
Summary and Outlook |

(Dead or Alive)

.—m*w

$$ TI.'lp to Stockholm $$
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(e 0. How do we find something that’s missing?

o
Cherge, Conhtions = |dentify one particular process with distinct
Orramme——  Signature, analyze in maximally model-independent
Benchmark modes for ME Way OR
Specifc Models » Pick a specific model with a well-motivated set of
L e e parameters and study the possible signatures

Summary and Outlook

In both cases, we cannot view the ILC as an isolated
machine. Obviously, input from the LHC s expected.
But input from cosmology, flavor physics ... which is
avallable right now should (and is) taken into

account.

And the SM background needs to be known as
precisely as possible.
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e
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,
Results

e Photon + ME — MSSM,
Results

e Invisible Higgs

e Invisible Higgs at the LHC

e LHC - Higgs Mass
Measurement

e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM

e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Benchmark modes for Missing Energy

= Photon + ME
= Invisible Higgs
= Small mass splittings

ALCPGO7 — Oct. 26th, 2007
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results

e Invisible Higgs

e Invisible Higgs at the LHC

e LHC - Higgs Mass
Measurement

e Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.
ILC

e Small Mass Splittings —
MSSM

e Radiative Chargino Search
— Cuts

e Radiative Charginos —
Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Missing Energy

Dark enerngy density €3,
Total matier density
Baryon mattsr density

el 2 (ke 1

. - = ) o3
: ] L= |
T P TR PR — e

Results from WMAP

uluLl

A hraks

Universe density . =1.02 = 0.02
0.73 = 0.04
Q= 0.27 + 0.05
Qy,=0.044 = 0.004

Our Universe:

T

& et
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—  Dark matter is non-baryonic

L3

from C. Wagner's talk
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger
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Photon + ME — WIMPS

P.Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein
Assume dark matter entirely due to a single new

stable particle, WIMP x. Dark matter relic abundance
depends on cross section for

xx — XiX;
At colliders we study (ILC: X; = e™)
X X; — XX

Detailed balance equation for spin-averaged cross
sections:

’U%(ZSX —+ 1)2
v2(2Sy + 1)?

S spin.

O'(XZXZ — XX) - O'(XX —> XZXZ)Z

v relative velocity in c.m. frame,

Physics WG [: Missing Energy - 7/37


http://www.cfberger.net

e
1o

Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Photon + ME — WIMPS

P.Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein

energy slightly above 2y threshold,

olete” — xx) =2

Jo angular momentum of dominant partial wave in

2(Jo—1)

K/e Uan

annihilation, M, mass of WIMP.

ALCPGO7 — Oct. 26th, 2007

4

(2S5, +1)2

Assume fraction ke = o(xx — ete™)/oan, C.M.

1/24+J
(1_ 4Mx) / 0
S

X

Physics WG I: Missing Energy - 8/37
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger
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Photon + ME — WIMPS

P.Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein

Assume fraction ke = o(xx — ete™)/oan, C.M.
energy slightly above 2y threshold,

2(J0_1)I<.: o 4

olete” — xx) =2

1/24+J
(1_ 4Mx) / 0
S

Jo angular momentum of dominant partial wave in X
annihilation, M, mass of WIMP.

Tag on extra photon from beam-/bremstrahlung. If Y
sufficiently soft (  E < +/s — M,,) or collinear, -~

radiation factorizes from hard cross section,
do(eTe™ — xXxX7) _al+ (- r)? 1

sin? 0

~ _|_ -
dxd cos 0 T €T g(ete” — Xxx)

v =2E,/Vs

Physics WG I: Missing Energy - 8/37
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Charge, Contributions S M baCkg ro u n d S frO m

Benchmark modes for ME e + e - —_— e + e - ,-Y .

e Benchmark modes for
Missing Energy

ete” — vy,

il Photon + ME — Forward Coverage

P. Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein

« oo+ ME - wies eTe~ — eTe ~ can be eliminated by cuton p.

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger ALCPGO7 — Oct. 26th, 2007
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Photon + ME — Forward Coverage

P. Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein

e sinf, > 0.1

Ty 7.5 GeV (suppress Bhabha : mask calorimeter acceptance of 1°)

e \ hon-relativistic and E., below threshold-

%(1—%){&&5@(1—%)
=) <E, <

ool - :
50

100

ALCPGO7 — Oct. 26th, 2007

Ilﬁﬂl T IEDUI
M, (GeV)

S

a Discovery reach for
L£=7500f6"1 ILC

| @ No polarization.
1a For p-annihilator WIMP
51 (red, blue) band include a

systematic uncertainty of
0.3%
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Photon + ME — Forward Coverage

P. Konar, K. Kong, H. Lee, K. Matchev, M. Perelstein

@ sinf, > 0.1
@ pr. > 3.0 GeV (suppress Bhabha : BeamCAL acceptance of ().38°)

e \ hon-relativistic and ., below threshold-
%,E (1_ auﬂ) <E < Vr (1 B M?)

&

e Discovery reach for
L =500fb"! ILC
a No polarization.
e For p-annihilator WIMP

e (red, blue) band include a
systematic uncertainty of
0.3%

a Revised from better beam-

100 150 %00 CAL acceptance.
| M, (GeV)
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il Photon + ME — MSSM
o

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contiions Study 242 “random” points in MSSM parameter
Senchmrk modes for ME space (which are problematic at the LHC), tens of

e Benchmark modes for

Missing Energy analysis channels. Of the 242 points, 91 only

e Photon + ME — WIMPs

» Photon + ME - Fonwar produce xYs at a 500 GeV collider and nothing else

Coverage
= 500 GeV may not be enough!
Results

« Droton + M - MSSV, Thus one of the channels studied:

Results
e Invisible Higgs

e Invisible Higgs at the LHC e+ e - N X(])- X(])-,Y

e LHC - Higgs Mass

Measurement
e Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

The main backgrounds are

e Radiative Chargino Search

« reieive Cherginos - 1. v production with associated photon
Results . . .
2. vv™* production with associated photon

Specific Models

ME from ~y-Background

Summary and Outlook
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,-’IE Photon + ME — MSSM, Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

1,700 T = R13291 .aida
1650 + - = R34968.aida
Benchmark modes for ME 1e00 + a Slg nal — Ras022.dida
' = == R19087 .aida
e Benchmark modes for # Of 1550 T -Ig for R39544 aida
Fec] 1,500 T . R8365 aida
Missing Energy EventS a4 various — mixR1 aida
e Photon + ME — WIMPs 1
1,400 models [R13291 aida
e Photon + ME — Forward 1,350 T Entries : 40060
Mean : 56.886
Coverage 1,300 7 o 0 n Rms: 35224
1250 T [R34968.aida
e Photon + ME — MSSM 1 Entries : 40674
1,200 E ner Mean: 56110
e Photon + ME — MSSM, 1150 + Rms: 34828
+£ IR36022.aid!
Results 1100 Entrios. 80172
1,050 T Mean : 56.280
e Photon + ME — MSSM, il s 24813
Results 1 [R19087 aida
.. . 950 Entries : 39630
e Invisible Higgs %00+ Mean = 56824
L. . Rms: 35.198
e Invisible Higgs at the LHC 850 T Fo9sa4.aida
. 800 T Enti 39691
e LHC - Higgs Mass 250 - Moan . 56 762
R © 35208
Measurement 700 4 Rs:; o
e Invisible Higgs at the ILC 1 Entries : 39018
gg 650 Mean : 56654
e Invisible Higgs — LHC vs. 600 T fims: 95147
550 T ImixR1.aida
ILC w0 Entries : 37788
e Small Mass Splittings — 50 - Fma. 3513
MSSM _ w00 T Background
e Radiative Chargino Search 350 T
— Cuts 800 T
e Radiative Charginos — =0T
200 T
Results 150+
100 T
Specific Models 50+
0 t t t t t t T T T T T T T T T T t
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
ME from ~y-Background
Summary and Outlook Photon Energy in GeV
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,-’IE Photon + ME — MSSM, Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions
— R1518.aida
» — R22391.aida
Benchmark modes for ME 1000 80% ng ht e|ectl‘0n - :gff ad‘da
e Benchmark modes for b I - t. RE3383 aida
Missing Energy # of eam polarization _eresana
e Photon + ME — WIMPs Events — R20055.aida
e Photon + ME — Forward e Ba c kg rou nd R1518 aida
Coverage II\E/II:::S 45 519086
e Photon + ME — MSSM Ams 24,990
R22391.aida

e Photon + ME — MSSM, 100 T Entries 5
] Mean: 31.842
Results 1 Rms: 16243
i R43233 aida
1 2

e Photon + ME — MSSM,

Entries :
Mean: 26.101

+ bl s | SUSY signal only for

Entries : "

e Invisible Higgs at the LHC 1 typical models ean: 41090

e LHC - Higgs Mass [R33383 aida

Measurement invisible in this channel

e Invisible Higgs at the ILC ] Rms: 7.3978

e Invisible Higgs — LHC vs. 1 JJ-I—'_l-I- R;G:QB.aida R
T ntries :
ILC 1 -Ll |_ Mean : 47 981

e Small Mass Splittings — Rms: 22437

mixR1.aida
MSSM :\EAnmes 53767323
.- . T B lean 6
e Radiative Chargino Search Rms: 35185
— Cuts [R20055.aida
n Entries 2

Specific Models

e Radiative Charginos — T i 1 Mean : 25874
Results ] H Y

: {
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
ME from ~y-Background

Photon Energy in GeV

Summary and Outlook
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,-’IE Photon + ME — MSSM, Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

1,800 T ™ R-SPS1aPrimeSB.aida
= mixR1.aida
Benchmark modes for ME 1700+ o o n

e Benchmark modes for

1,600 T
Missing Energy # Of
e Photon + ME — WIMPs 1.500T n e rg y
e Photon + ME — Forward Events 1,400 T
Coverage 1,300 T 1
e Photon + ME — MSSM 1,200+ S PS 1a
e Photon + ME — MSSM, ' Note:
1,100 T '
Results ’ 1
e Photon + ME — MSSM, 1,000 T ﬁaPsS:::: ch
u

Results 900+
e Invisible Higgs

larger signal
than models
on previous
slide.

800 T
e Invisible Higgs at the LHC

e LHC - Higgs Mass 7007

Measurement 6001
e Invisible Higgs at the ILC

500 T
e Invisible Higgs — LHC vs.
400 T
ILC
e Small Mass Splittings — 300 Bac kg rou nd
MSSM 200 T
e Radiative Chargino Search
100 T
— Cuts
o Radiative Charginos = 0 t t t } } T T T T T T T T T T T |
Results 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Specific Models

Photon Energy in GeV

ME from ~y-Background

Summary and Outlook

Carola F. Berger ALCPGO7 — Oct. 26th, 2007 Physics WG I: Missing Energy - 11/37



http://www.cfberger.net

e
o

Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger
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Photon + ME — MSSM, Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

At 500 GeV, out of 242 (semi-)random points in MSSM
parameter space (= models), 91 have only x\s
accessible .

With 500 fb —1, 80% e~ polarization (no positron
polarization), and the current SID design = no
tracking below 142 mrad, forward coverage down to
5 mrad, only 3 of these models are observable above
background .

SPS1a’ has much higher event rate compared to all
of these 242 points (holds for other channels, too).

Improvement: positron polarization : background
B

oB ~ 500E, signal either o5 ~ o5 0r 07 K o5

Physics WG I: Missing Energy - 12/37
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Invisible Higgs

H. Logan

If neutral (quasi)stable particle with mass < mg/2
and EW strength coupling to H, then = H — invisible
the dominant decay mode. E.g.
= H — x{x} (MSSM, NMSSM)

» H — SS (scalar dark matter)
» H — K K neutrinos (extra dimensions)

Production mechanisms:
= VBF — H_,

= Higgs-strahlung off Z

ALCPGO7 — Oct. 26th, 2007 Physics WG I: Missing Energy - 13/37
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e
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy
e Photon + ME — WIMPs

Invisible Higgs at the LHC

e Photon + ME — Forward

Coverage

o
e Photon + ME — MSSM LR

e Photon + ME — MSSM,

_| Comparison of the discovery potential for different channels

)

Results

e Photon + ME — MSSM,
Results

e Invisible Higgs

e Invisible Higgs at the LHC

10

== FHiny

--| == ttHiny

7| e BE

e LHC - Higgs Mass

Measurement
e Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.
ILC

e Small Mass Splittings — 1

MSSM

e Radiative Chargino Search
— Cuts

e Radiative Charginos —

Results

Specific Models

-1
ME from ~y-Background 10400

Summary and Outlook

Carola F. Berger

150

200

250

[Plot from ATL-PHYS-PUB-2006-009]

ALCPGO7 — Oct. 26th, 2007

H. Logan

05% CL exclusion limits with 30 fb~1 at LHC

£2 is a scaling factor: o x BR(H — invis) = £2o0g

1 ZHijny — USes

Z — e

VBF looks very good,

but not clear how
well events can be
triggered.

ttHjn,y — May be room
for improvement?
ATLAS study in
progress.
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"IE LHC - Higgs Mass Measurement

H. Davoudiasl, T. Han, H. Logan

Signal rate depends on mg:

Charge, Contributions

Benchmark modes for ME
e Benchmark modes for
Viesing Eneray Cross section
e Photon + ME — WIMPs r= L - i
e Photon + ME — Forward
Coverage
e Photon + ME — MSSM 1
e Photon + ME — MSSM, 104 | WEF

Results
e Photon + ME — MSSM, | I

Results |
e Invisible Higgs

e Invisible Higgs at the LHC

e LHC - Higgs Mass
Measurement

e Invisible Higgs at the ILC |

e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings — 18

MSSM i Zhi

e Radiative Chargino Search :

— Cuts |

o Radieie Cheraion ™ 10 120 130 140 150 183 170
Results
My, (Gel)

Mass determination from ratio of VBF to
Higgsstrahlung — branching ratio assumption drops
out

Og

Specific Models

ME from ~y-Background

Summary and Outlook
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,-’IE LHC - Higgs Mass Measurement

H. Davoudiasl, T. Han, H. Logan

Charge, Contributions

S R R Higgs mass determination Trom ratic method with 10 (100) fbl!
" penehmark modes o my (GeV) 120 140 160
 Photon + ME - WIMPs r=og({Zh)/og(WBF) 0.132 0.102 0.0807
> (dr/dm)/r (1/GeV) —0.011 —0.013 —0.013

¢ Photon + V2SS Total uncert,, Ar/r  41% (16%) 54% (20%) 72% (25%)
Results | LAmp (GeV) 36 (14) 43 (16) 53 (18)

" oot ¢ ME S MM, Davoudiasl, Han & H.L, (2004)

i Fatio method:

e Invisible Higgs at the LHC

Amp = 36/43/53 (14/16/18) GeV with 10 (100} fb—1

Measurement

e Assumead £2 = 1 for signal statistics,
e Invisible Higgs — LHC vs.
ILC
e Small Mass Splittings —
MSSM
e Radiative Chargino Search
— Cuts
e Radiative Charginos —
Results

Specific Models

ME from ~y-Background

Summary and Outlook
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i:'«': Invisible Higgs at the ILC

H. Logan

g, Contbutons Study Higgsstrahlung, ZH — uuX, measure recoll

Benchmark modes for ME m aSS

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward

Coverage Ti + + Dist=

e Photon + ME — MSSM -} E EE—I'l.I.'I.I.:‘.:
e Photon + ME — MSSM, - -

Results ;3 i +
e Photon + ME — MSSM,

Results :

e Invisible Higgs

e Invisible Higgs at the LHC

e LHC - Higgs Mass
Measurement

e Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos — -

Results
a

pecitc Models 100 120 " 140 160

P ol Evénds
[
=
L |
——
T
s

ME from ~y-Background Reco:l Mass [GE.IE.;':

Summary and Outlook

[TESLA TDR] ma = 120 GeV, /3 = 350 GeV, [L =500 fb™, uu only
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,:’IE Invisible Higgs at the ILC

H. Logan

Higgstrahlung, Z — qq

Charge, Contributions

Benchmark modes for ME

e Benchmark modes for D|5CDVEF}," reach: 500 fb~L at ‘v"'E = 3RO GeV
Missing Energy

e Photon + ME — WIMPs
ar = i“he [ = | ChATTHIRT 2L =
e Photon + ME — Forward [, Schumachat, LE-PHSM-2003-0005]

=
(=]

Coverage E :I rri I LIBLBLEL I rrri I LEBLBLEL] I rrria I LEBLBLEL I ] ] J_.-I LI I LIBLELIL I LB IE

e Photon + ME — MSSM 5;. i E 3

e Photon + ME — MSSM, = ]

Results ‘8 F <]

e Photon + ME — MSSM, A : 3

Results ol A ]

e Invisible Higgs 3

e Invisible Higgs at the LHC &R =

e LHC - Higgs Mass E _ ____________ ; _f

Measurement o -

e Invisible Higgs at the ILC a AL. =160 GeV tn

Py - [ T H =

e Invisible Higgs — LHC vs. - 2 ; -

ILC - =) M. = 140 GeV 3

e Small Mass Splittings — = e 3

% B T _ 1% i

i _ M, =120 GeV

e Radiative Chargino Search 1 [1 11 PN TN 0 T I T T T A T U T A A T T A A I T O 0
— Cuts ] Gls 001 G015 902 0025 003 0035 004 Dods 005

e Radiative Charginos — .
Results BR{H—inv.)

Specific Models

5a discovery Tor BRjy, down to
ME from ~y-Background =2 25% for my = 120 Gey

Summary and Outlook ~ 1.5% for Mg = 140, 160 Ga\f
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM
e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

ALCPGO7 — Oct. 26th, 2007

Invisible Higgs — LHC vs. ILC

H. Logan

Can improve precision of mass measurement at ILC
by running near threshold ( Bambade, richard ). Much less
luminosity needed for comparable precision because
of higher cross section and less background under
Higgs recoll peak.

Final score: Invisible Higgs mass determination at

the LHC indirect from ratio of rates,  AM ~ 15 GeV.
At the ILC direct determination from recoil spectrum,
model independent, AM ~ 30 MeV.

Ability to run ILC at variable c.m. energy greatly
Improves precision.
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/I Small Mass Splittings — MSSM

o

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Conribuions Recall, study of 242 “random” points in MSSM

Benchmark modes for ME parameter space. Search strategy for charginos

e Benchmark modes for

e, depends on Am = m+ — myo.

e Photon + ME — Forward

R — = Am < m. Stable charged particle search

e Photon + ME — MSSM, . . .

SR e » m, S Am S 1GeV: Radiative chargino search

Results

e Invisible Higgs | Am z ]_ GeV

e Invisible Higgs at the LHC

e LHC - Higgs Mass
Measurement

e Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.
ILC

e Small Mass Splittings —
MSSM

e Radiative Chargino Search

— Cuts
e Radiative Charginos —

Results

Specific Models

ME from ~y-Background

Summary and Outlook

0 4 jet + missing energy
0 2 jet, muon + missing energy
0 2 muons + missing energy

Carola F. Berger ALCPGO7 — Oct. 26th, 2007 Physics WG I: Missing Energy - 19/37



http://www.cfberger.net

e
o

Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
e Photon + ME — MSSM,

Results
e Invisible Higgs
e Invisible Higgs at the LHC
e LHC - Higgs Mass
Measurement
e Invisible Higgs at the ILC
e Invisible Higgs — LHC vs.

ILC
e Small Mass Splittings —

MSSM

e Radiative Chargino Search
— Cuts

e Radiative Charginos —
Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Radiative Chargino Search — Cuts

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Main backgrounds from ey and ete™ — WTW —.

Following Riles et al (1990), OPAL, Gunion and

Mrenna (2001):

1. Exactly one photon with  pr > 0.0354/s and no
other charged tracks within 25 degrees

2. No identified (i.e. above 142 mrad) electrons or
muons in the event

3. 1 < number of charged tracks < 11

4' Evis other particles ~ E < 0'35\/5
. Pr1,vis > O4and pT'u'Ls > O 2

ET,’U’LS Ptot

6. Mrecoit = \/g\/(]- _ 2E’7/\/§) > 160 GeV

ol
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,-’IE Radiative Charginos — Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions -
Recoil Mass =
Benchmark modes for ME usT — (24230.aida
140 T == | 27712.aida
e Benchmark modes for s L 129820.aida
Missing Energy # of gl 80% Left electron "t
e Photon + ME — WIMPs Events =1
« Photon + ME — Forward 20 1 beam polarization [
Coverage 115 T B o
e Photon + ME — MSSM 110 Lésfge.g\dsas74
e Photon + ME — MSSM, 1051 I Rms 67 438
100 T - ms g
Results 24230 aida
e Photon + ME — MSSM, ST ” e
Results 90 | Rms: 77.503
. . 851 . . L27712.aida
e Invisible Higgs 1 Slgnal (+ dlfferent i Enires; 5645
e Invisible Higgs at the LHC % 1 r Ams: 76,235
75T
 LHC - Higgs Mass background) for i
Measurement ot . Meen  403.76
o Invisible Higgs at the ILC o various models oz
e Invisible Higgs — LHC vs. 551 Mean : 376.66
Rms: 103.18
ILC 0T ¢ imixL1.aida
e Small Mass Splittings — 45T | | | e e
MSSM 40 + Rms: 103.18
e Radiative Chargino Search 35T - w :
— Cuts T ‘ 1N |1 I| .I||
e Radiative Charginos — 251 I a - I
1
Results 20T I Il - | B k d
15T I ac g roun
Specific Models 10T =i i
54 I 1 1
ME from W_BaCkground 0240 26‘0 28‘0 30‘0 32‘0 34‘0 36‘0 38‘0 4(;0 42‘0 44‘0 46‘0 48‘0 50‘0 52‘0
Summary and Outlook Recoil Mass of Photon in GeV
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Charge, Contributions

Benchmark modes for ME

e Benchmark modes for
Missing Energy

e Photon + ME — WIMPs

e Photon + ME — Forward
Coverage

e Photon + ME — MSSM

e Photon + ME — MSSM,

Results
Photon + ME — MSSM,

Results
Invisible Higgs

Invisible Higgs at the LHC
LHC - Higgs Mass

Measurement
Invisible Higgs at the ILC

e Invisible Higgs — LHC vs.
ILC

e Small Mass Splittings —
MSSM

e Radiative Chargino Search
— Cuts

e Radiative Charginos —
Results

Specific Models

ME from ~y-Background

Summary and Outlook

Carola F. Berger

Radiative Charginos — Results

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

“t iy
= R24230.aida
27T ~= R27712.aida
B R29820.aida
# of T ReCO“ Mass _:ﬁi}f:?iia;i:a
Events il - R13960.aida
80% Right electron cr 100
beam polarization n
T . i H:mzsﬁ; 1'(: .17
=T Mean: 3858
ol e 2
1 1 Rms : 9.3‘264
Signal (+ different Erves. 565
background) for
various models : —
2t \l/ Finm 10628
i
Background ]
Recoil Mass of Photon in GeV
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iln MSSM - Sleptons
11

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

Benchmark modes for ME

ete™ = 1M1~ — 171 x%%?

Specific Models
[« SSH—Skepons
e MSSM - Sleptons, Results,
SiD .
e Stop Mass Measurement M al n S M baCkg ro u n dS

e Stop Mass Measurement —

e = W pair production with each W decaying

evivi leptonically

= Z pair production with one  Z decaying to charged
B leptons the other to neutrinos

Summary and Outlook

= Processes with ~ in initial state ( vv— > 171~ or
processes where an initial electron or photon is
kicked into the detector)
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"I't: MSSM — Sleptons, Results, SiD

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

230 T = R-SPS1aPrimeSB.aide
= R11862.aida

220 T I == R14670.aida
1 M E — R29334.aida
210 + SPS a uon nergy R19087.aida
1 R34968.aida

200 — R2631.aida

Benchmark modes for ME

Specific Models
e MSSM — Sleptons

1 (o) 1 — mixR1 aida
#of = 80% Right electron _
SiD Events Entries: 10529

e Stop Mass Measurement 1o beam p°|ar|zat|0n P 27
e Stop Mass Measurement — 160 T F11862 aida
Entries : 1531
Results 1 Mean : 71518
) 150 Rms 51565
e Stop Mass — Relic o F?m T
ntries : 1311
Abundance Mean : 64.207
e NMISSM 130 T Rms 59.031
iR R29334 aid
e NMSSM - ILC Mass 120 Entros: 1211
Mean : 69.318
Measurements 1o T Rms 58.855
100 T Ré:t?iael?ida 3555
ME from ~y-Background Mean: 82138
0 T Rms 40.485
s+ R34968.aida
Entries : 6329
Summary and Outlook " Moen. 63004
70T Rms 33.229
| R2631 aida
60 T Entries : 2573
Mean : 77.199
50 T I'L|1.| Rms 47.078
mixR1.aida
40 T Entries : 1001
Mean : 77.622
30+ 1 Rms 61.550
20 T
10T

I
T T T T T 1
30 40 50 60 70 80 920 100 110 120 130 140 150 160

0 : > 4 : : : : : ! : : 5
/
Background,

Muon Energy in GeV
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,-’IE MSSM — Sleptons, Results, SiD

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

160 T I = L-SPS1aPrimeSB.aide
155 + = L29334 aida
Benchmark modes for ME — L14670.aida
] _ s
oy - Muon Energy
Specific Models 140 + ¢ L13291.aida
# of — L2631 .aida
e MSSM — Sleptons 136 T — mixL1.aida
130 T °
e MSSM - Sleptons, Results, 80 / L ft I t
P Eve nts 125 T I o e e ec ron L-SPS1aPrimeSB.aidal
SiD Entries : 11553
St M M t 1207 - = Mean : 61.780
e Stop Mass Measuremen 1 I t Rms !
P beam polarization LI
e Stop Mass Measurement — 1o+ Do s
4 Mean : 68.878
ReSUItS 108 1 Rms 53.779
e Stop Mass — Relic 100 7T 14670 aida
95 + Entries : 4067
Abundance L Mean: 68332
e nMSSM 8T 1 Rms 53.808
85 T - L6340 .aida
e NMSSM — ILC Mass 204 antn%' 4187
ean : 68.391
Measurements 75T Ams : 52.776
4 L11862.aida
70 1 Entries : 5777
ME from ~y-Background 85T Wean:  cos2
ms | 3
60 T
L13291.aida
85T Entries 5339
Summary and Outlook 1 Mean: 72716
50 Rms 49.802
asT L2631 aida
20+ Entries 8729
Mean : 75.698
35+ Rms 44.055
30 T imixL1.aida
Entries : 3975
27T Mean : 69.406
20+ Rms 53.948
15T
10T
5+
0 t t t t } t t t t t t t t t t t {
0 10 20 30 40 50 60 70 80 0 100 110 120 130 140 150 160 170

Muon Energy in GeV
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"I't: MSSM — Sleptons, Results, SiD

C. F. Berger, J. Gainer, J. L. Hewett, B. Lillie, T. G. Rizzo

Charge, Contributions

50T — R39331.aida
— R6006.aida

50 T = R12843.aida

Benchmark modes for ME — R14343.aida

;1 | FAKES!!! [muonEnergy] | o=

e MSSM — Sleptons # of “uT

1 " R39331.aida
e MSSM - Sleptons, Results, Events :i 1 800/0 nght E|ectr0n E";;:f;;;fg
SID ms: 52.759
=4 R6006.aida

e Stop Mass Measurement * - beam pOIarlzat|0n Entries : 1526
4 Mean : 55.270
e Stop Mass Measurement — * = Rms : 57.580
R 34T 1 R12843.aida
esults Entries : 1514
e Stop Mass — Relic 2T (sl Note: No shelves. Fs: 67,605
Abundance 30T I R14343 aida
S wt [l Signals peak at e
e NMSSM — ILC Mass st l e 2
Measurements at | 1 low energies. e
oot 1 Rms : 60.000
ME from ~y-Background 0 A
Mean : 57.533
18+ -l . Rms : 58595
Summary and Outlook 16__T I ]:j n Cha rgino mﬁ?ﬂ;':@;s
14 ] I decays to
on shell W
+ LSP
[
o
ot
Background
00 10 20 30 42) 50 60 70 80

Muon Energy in GeV
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"IE Stop Mass Measurement

A. Freitas, C. Milstene , M. Schmitt, A. Sopczak

Gharge, Gontibutions ldea: measure ratio Y between events at threshold
Benchmark modes for ME and at peak of stop pair production cross section,
Specific Models Ch an n eI

e MSSM — Sleptons
e MSSM - Sleptons, Results, = 0 = 0

SiD €+€_ — 'E'E — CEX]_X]_
ssemeswesien- (Cross section very sensitive to stop mass.

e Stop Mass — Relic 0.05

Abundance i:; |
e NMSSM —
',%0.048
e NMSSM — ILC Mass 3
Measurements o
20046
ME from ~y-Background C
0.044
Summary and Outlook
0.042 -
0.04 TN
0.038
0.036
0.034 ‘ — — -
122 122.5 123 123.5 124

stop mass (GeV)

Carola F. Berger ALCPGO7 — Oct. 26th, 2007 Physics WG I: Missing Energy - 24/37



http://www.cfberger.net

e
1o

Charge, Contributions

Benchmark modes for ME

Specific Models
e MSSM — Sleptons

e MSSM - Sleptons, Results,
SiD
e Stop Mass Measurement

e Stop Mass Measurement —
Results

e Stop Mass — Relic

Abundance
e NMSSM

e NMSSM — ILC Mass
Measurements

ME from ~y-Background

Summary and Outlook

Carola F. Berger

ALCPGO7 — Oct. 26th, 2007

Stop Mass Measurement — Results

A. Freitas, C. Milstene , M. Schmitt, A. Sopczak

Multi-jet final states due to gluon radiation and
fragmentation. Charm tagging at higher c.m. energy
challenge for vertex detector .

Two analyses, one cut-based, one neural net
(iterative discriminant analysis), both yield similar
results:

= No polarization: Unambiguous discovery

= +80%/-60% beam polarization: precision
measurement

= Error on stop mass of order 0.45 GeV.
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Charge, Contributions

Benchmark modes for ME

X

If light scalar top partner with mass
m; — mygo ~ 15-30 GeV, co-annihilation between stop

Stop Mass — Relic Abundance

A. Freitas, C. Milstene , M. Schmitt, A. Sopczak

< my, and

Sl and LSP = correct relic abundance.

e MSSM — Sleptons
e MSSM - Sleptons, Results,
SiD

e Stop Mass Measurement
e Stop Mass Measurement —

Results ]
e Stop Mass — Relic EI ld- !

Abundance
e NMSSM

e NMSSM — ILC Mass

Measurements

ME from ~y-Background E

Summary and Outlook n :I
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Charge, Contributions

Benchmark modes for ME

Specific Models

e MSSM — Sleptons

e MSSM - Sleptons, Results,

SiD
e Stop Mass Measurement
e Stop Mass Measurement —

Results
e Stop Mass — Relic

Abundance
e NMSSM

e NMSSM — ILC Mass
Measurements

ME from ~y-Background

Summary and Outlook

Carola F. Berger

NMSSM

C. Balasz, M. Carena, A. Freitas, C. Wagner

NMSSM has extra singlet chiral superfield.
Consequences:
= Baryon asymmetry without need for light squarks

A. Menon, D. Morrissey, C. Wagner

myp, naturally above experimental bounds

X admixture of fermion component of singlet and
Higgsinos, mygo < 70 GeV

lightest Higgs decays invisibly into XS
charginos and neutralinos naturally light
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Charge, Contributions

Benchmark modes for ME

Specific Models

e MSSM — Sleptons

e MSSM - Sleptons, Results,
SiD

e Stop Mass Measurement

e Stop Mass Measurement —

Results
e Stop Mass — Relic

Abundance
e NMSSM

e NMSSM — ILC Mass
Measurements

ME from ~y-Background

Summary and Outlook

Carola F. Berger

NMSSM — ILC Mass Measurements

C. Balasz, M. Carena, A. Freitas, C. Wagner

Jets from Chargino Preduction

Informaticn on the mass difference of the lightest chargino and
neutralino may be obtained form the energy distributin of the jets
proceeding from chargino decay yF — VW

etem = XX — WHW= 8] = jl++ B

' AR =4/ igy — )t 4 (ny — ) < 0.3
EROD || N |III |||.__]~
; TRy pe > 12CGeV, E > 100CeV
aca0 |
| 1
..E 000 | '.4 |TTE-Jj o .ﬂr:.ryl..l < 10 GeV
= .
2000 | \ T s > 160 GeV
1000 | b
Fle*)/Fle~] = right/left,
ED 100 150 200 250 o .
, increases both signal and bckgd.
£, [CoV] { ignal and bekgd)
Eomi = : [l':".'::E i F MEE T A ML md "l:I’Q-'l[s — dm2 )
T, mex = Fﬂ'x: Ve = oS wive I+ I'r L e b L, . :?1:1' ’
1
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Charge, Contributions

Benchmark modes for ME

Specific Models

e MSSM — Sleptons

e MSSM - Sleptons, Results,
SiD

e Stop Mass Measurement

e Stop Mass Measurement —

Results
e Stop Mass — Relic

Abundance
e NMSSM

e NMSSM — ILC Mass
Measurements

ME from ~y-Background

Summary and Outlook

Carola F. Berger
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NMSSM — ILC Mass Measurements

C. Balasz, M. Carena, A. Freitas, C. Wagner

Threshold Scan for Chargino Pair Production

Plet)/Ple™) = right/left.

10 fb~! luminesity is spent per point, amounting to total of 60 fh—1,

1200 e

1000 /}.

4L For = 2ma+ y
i ;

aon I

wep o g B
200

I F2305-32BR EAT. 5 HILCA220K 2hF
e [GeV]

mos = 16408 +£0.00 GeV. mgo = 33.3753 GeV
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,-’IE Very Forward Calorimetry Collaboration

Charge, Contributions

Benchmark modes for ME

Specific Models

ME from ~y-Background

e \ery Forward Calorimetry

Collaboration
e 2-Photon Background

e 2-Photon — BeamCal
e 2-Photon — BeamCal Study
e 2-Photon — BeamCal, Cuts

Summary and Outlook

The Very Forward Calorimetry Collaboration

4 N
see: PRC R&D 01/02 (2002)
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Charge, Contributions

Benchmark modes for ME

Specific Models

ME from ~y-Background

e Very Forward Calorimetry

Collaboration
e 2-Photon Background

e 2-Photon — BeamCal
e 2-Photon — BeamCal Study
e 2-Photon — BeamCal, Cuts

Summary and Outlook

Carola F. Berger

2-Photon Background
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il 2-Photon — BeamcCal
1o

T. Dunn, J. Gill, G. Oleinik, U. Nauenberg, J. Yu, F. Yi

Charge, Contributions

Benchmark modes for ME

head on view side view

Specific Models

ME from ~y-Background

e \ery Forward Calorimetry

Collaboration
e 2-Photon Background

e 2-Photon — BeamCal

e 2-Photon — BeamCal Study
e 2-Photon — BeamCal, Cuts

beamstrahlung

Summary and Outlook
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iln 2-Photon — BeamCal Study

JLF
T. Dunn, J. Gill, G. Oleinik, U. Nauenberg, J. Yu, F. Yi

Charge, Contributions Goal: measure pr of electron from 2~ processes,
Benchmark modes for ME prove that pr, = 0, remove event because it's not
Specific Models B S M .
ME from ~y-Background . .
® Very Forverd Calorimety Study cuts around e in a cylinder around the
© o oron et electron. Find optimal trade-off between resolution
e (beamstrahlung mixes in, the bigger the radius) and
percent of energy of electron captured (electron

showers)

Cutat ~ 20 — 25 mm, corresponding to 10 mrad =
at a beam energy of 250 GeV each, this corresponds
to the ability to see missing pr > 2.5 GeV!
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"l'c 2-Photon — BeamCal, Cuts

T. Dunn, J. Gill, G. Oleinik, U. Nauenberg, J. Yu, F. Yi

Charge, Contributions

Senchmar maesfor e Clustering Cuts in Depth and Energy, Example 1
Specific Models Bearmsir ahlung +

i S Beamstrahlung Alone Electron from 2-photon

e \ery Forward Calorimetry

Subracted Tile Energy (without 2- photon) Subracted Tile Energy
Collaboration i st i s R
e 2-Photon Background eanargy {Mey) tite energy (MeV)
150 150
e 2-Photon — BeamCal 140 j40
e 2-Photon — BeamCal Study 130 130
e 2-Photon — BeamCal, Cuts 129 120
110 110
100 100
Summary and Outlook A 5,
BED 280
7o 7o
60 &n
i 50
40 40
a0 oG
20 S
b 10
a o
- 10
- 10
- 20 ]
] 20 40 60 g0 100 120 140 - 20

o 20 40 GO0 BD 100 120 140
penetration depth (mm)

penetration depth {(mm)
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il Summary

o
» Studied several benchmark modes for missing E:
e, Contintions ~v-+ ME, invisible Higgs, small mass differences
Benchmark modes for ME (fairly model-independent) as well as specific BSM
Spectc Model models (MSSM, nMSSM)

ME from ~y-Background

Summary and Outlook
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JLF
» Studied several benchmark modes for missing E:
Charge. Contiions ~v-+ ME, invisible Higgs, small mass differences
Benchmark modes for ME (fairly model-independent) as well as specific BSM
Spectc Model models (MSSM, nMSSM)
E— = ME very “broad” signature - need to take into
account all available information: LHC, cosmology,
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» Studied several benchmark modes for missing E:
Charge. Contiions ~v-+ ME, invisible Higgs, small mass differences
Benchmark modes for ME (fairly model-independent) as well as specific BSM
Spectc Model models (MSSM, nMSSM)
E— = ME very “broad” signature - need to take into
account all available information: LHC, cosmology,

= One extensive study hinted that a 500 GeV machine
may not be enough =1 TeV. (J. Gainer et al.)
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il Summary

JLF
» Studied several benchmark modes for missing E:
Charge. Contiions ~v-+ ME, invisible Higgs, small mass differences
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Spectc Model models (MSSM, nMSSM)
E— = ME very “broad” signature - need to take into
account all available information: LHC, cosmology,

= One extensive study hinted that a 500 GeV machine
may not be enough =1 TeV. (J. Gainer et al.)

= Runs at different c.m. energies important for
Invisible Higgs mass determination (H. Logan)

» Forward coverage is important. quantified in v+
ME study of WIMPs (P. Konar et al.)
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il Summary contd.

o
Chasge Contiutions = Positron polarization important: quantified in
I e T MSSM study of LSPs (J. Gainer et al.), stop mass
i il measurement (C. Milstene et al.), chargino and
T neutralino mass measurements in nMSSM (C.
croammmmmm @ \Vagner et al.)
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croammmmmm @ \Vagner et al.)

= Threshold scans an invaluable tool: mass
measurements in nMSSM (C. Wagner et al.)

= c-tagging important for stop mass determination -
challenge for vertex detector (C. Milstene et al.)

= Knowledge of background important. BeamCal
study (U. Nauenberg et al.) — forward coverage
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