LHC'=1ILC ?? PROJECT UPDATE

The original purpose of this project was to examine whether

ofe  or not ~200 pairs of MSSM SUSY models which produced
“identical’ signals at the LHC could be distinguished at the ILC.

Though we are still attacking this question this project has morphed
into something far larger...we are performing a general study of the

‘ signals and backgrounds for hundreds of random MSSM models at
ILC which provides a unique opportunity to examine, e.g.,
cuts, detector and simulation properties & our basic assumptions about
SUSY signatures.

A We’ve had many surprises and have learned many lessons. ..

C.F. Berger, J. Gainer, J.L. Hewett, B. Lillie, TGR
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LHC Inverse Problem

Generate blind SUSY data and map it back to parameters in the fundamental
Lagrangian

— Generated many models within MSSM for 10 fb-! @ LHC (Pythia
— For 15 parameters:

Inos : Url J‘l.’!rg. ﬂ.!r;j, L
With flat priors.. Senarks :

Mg, o Mgy, 2 Mp, s MG, Mig: M, + tan B

Sleptons : mp . Mg s ME, Mg

Within the constraints:

100 GeV |

ol

B % L 4 2 < tanf <50

kept 1%t two scalar generations degenerate
— Used ~1808 LHC MSSM "Observables’

* Rate counting, kinematic distributions

— NO SM Backgrounds!
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LHC Inverse Problem: Results

* Main result: 283 pairs of models (383 distinct models*) were found to be
indistinguishable, i.e., had the same “signature’...many more than

by a statistical analysis..

— A “signature’ maps back into a number of small islands in parameter

space
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Signature Space

‘ * as we will see

— only 242 models
are physical

L )

- Begs the question: Can the ILC resolve these
- We will quantify this.....



A Remindel‘ : From

Qur Analysis’

We start with their 283 degenerate pairs (383 distinct
models)

Simulate signal events with Pythia & CompHEP, and feed in
appropriate beamspectrum generated via
Whizard/GuineaPig

Add SM background (1066 different processes), produced
by Tim Barklow — stored @ SLAC

Pipe through detector simulation: Java-based SiD
simulation, org.lcsim

Analyze 500 fb-! “"data” with 80% P__and appropriate cuts.

Several iterations necessary to find best cuts!
— Compare

* This is a lot of software for theorists to learn: long lead timel



Lesson One: Many models do not produce visible signals at 500GeV

250

Out of 242 models....

200

150

100

50

Accessible at 500 GeV, 1 TeV c.m. energy
Let’s look at the 5



500Gev - 1TeV
selectrons or smuons 22 |1 5? 11 6
staus 27 67 125
Allslepton types |7 | @o |55
X "1+smuons |2 |? 12
X", + staus |8 |? 12
X1 A2 0 |0 16
XO] x()] only 199 |0 1
%1 %%, 46 (37?7 |178
nothing 59 0 1

Kinematic accessibility
does not equal observability
of models :

Out of 242 models, at 500 GeV,
59+99=158/242 = 65 % have
NO signal observable...the
percentage is actually higher
(~75 % !) after some further
investigation as we will see.

this fraction is much smaller at
1 TeV.

‘visible’ here is the actual number
of models where a signal is
observable over background

This may be very strong
argument for 1 TeV as
soon as possible... 6



BEWARE OF BLIND USE OF PYTHIA, PART I:

NLSP LSP mass difference

In PYTHIAG6.324 or earlier, if

the x," is calculated to be lighter
< Pythia feature than the LSP then the code
automatically, and without ANY
warning, resets the y,” mass to
of the LSP+2m_. This happens
141/383 original model cases !!

107

Number of Models

10

This reduces our sample: 383—242

5
M- M, (Ge\ff
This issue has now been

Chargino — LSP Mass Difference with in the latest version of

PYTHIA (thanks to Steve &



BEWARE OF BLIND USE OF PYTHIA , PART 11 : PYTHIA

UNDERESTIMATES BACKGROUNDS

Using full matrix elements makes a difference

— Here we compare standard model background to our selectron analysis as calculated in
PYTHIA and WHIZARD

— Cross section after cuts with WHIZARD is 30% higher

— Tail is higher

— Difference arises from using explicit matrix element for ee — eerr instead of decaying on-
shell resonances

e =0 +fs =500 GeV 250 b

!

Futhia with “gamma'e” option for phaoton Tux new Whizard EPA
" el
—_— trial Pyihia S i
—_— ete 2l W —eteviv = 7 =312 fh before cuts
— {.'r:.. » ﬁ”' » F.‘"‘-'.I'.' aen — T e
- 1 H » 1 v I &y —=e'viF
) E
1 - + 2 3 9
(no O° cut for e ¥) - —U =4 GieV
=564 fib before cuts H
iy Thanks to Tim Barklow
il " 1 1|- o events F'li].'\-h cuLs|]
0
| a |
o | | |
| u I|.|
| 1 I I
L, M
B ] Al
T S Ry 4 1 o |"1
F Wi, M = Ly I
1= e PR o
i (L] i - 25 bl L Ll
% A (GeV
e iGev) R R

— using full backgrounds is important !
Probably also true for the signal..



SPS1a is SPECIAL .. Part]1:

Looking at 100s of random MSSM models, we find
that most have smaller rates than the SPS points
commonly studied

| Eie= 2~} -— celssiron analysls — s— = +B0% pol_, 280 th4i-1), 0.5 Tey ¥
eI flsy=12 Gy — aFm
| ~mn It will be much more
l — difficult to see SUSY
s Mo, :41I::'.- 3 3
=T B [ i particles in general
dl Eres: 450 than in the well-studied
[ o Pra 1= ° ° ° °
aut o — specialized points...in
E Maae: 2304 °
ot poa:_Hiis some cases signal rates
A50T -::fﬁ‘sm
ot g are over S0x smaller than
il in the SPS1a scenario...
]
15T .
i But we can still see
i — e sometimes...
i 20 ab &l &l 100 pril] tall TE i i 30 a0 M0 @0 =D 9
Efue ) [Gav|



SPS1a is SPECIAL .. Part

M{jetpairs} -— chargino analysis — W*W* — o = +80% polarization, 0.5 Te¥, 250 fbA(-1}

events250 fbh{-1)2 Gev

10?

= FEATUREd culs, full 3M background
— Europesn cute, full SM backgrown d

M FEATUREJ cuts, fll SM bac kground
Enlrigs : 968306
Mean : +3170
Rms: 24205
SumOfeig hts 6560870
European cuts, ull SMbackground
Enlries : 520
Mean : 43420
Rms : 25.213
< QOur cuts
European

Mijetpairs) [Gev]

| Il ]
T T T T T T 1 T T T T T T T 1
0 20 40 80 a0 100 120 140 180 180 200 220 240 280 280 300

The “standard’ cuts
not particularly

We cannot use the cuts that
have been developed historically
for the SPS1a point....while they
do help reduce backgrounds

we find that for some analyses
they Kkill all the signals from our
models !

We thus need to develop and
employ our own universal cuts
that generally lead to larger
backgrounds to SUSY...
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It is important to compare, e.g., two SM background samples to make
the analysis procedures are correct....and no additional features are

This is a comparison of two 250 fb-! background samples for both

polarizations, (almost) analysis by analysis...

-79187612496
-330395994681
-PBP72902665
-38081413495
13145653865
-67629678097
-43473428163
-78878371766
-361268538%6
-79378619662
-88013597486
-74972586149
-25737977593

2.88963136
12.85985539
21.32529743
16.61517812
B.65675446
18.23462747
6.86415979
11.56H81788
A5 .445%83849
28.51835391
- 14811455
7.29758322
A.44910112

ight:

-37221358805
59733261853
-41870903853
-64948719567
-64481528022
-43926622034
- 35457482707
72751661161
71163764135
-392012°77758
-333756126834
-36119612586
-31326295224

A6 . 1645797
81.79927418
38.79176004
27.65332465
7.12542885
2574878243
B.64788387
14.A7378668
2.48425867
64.27493113
1.31168432
7.88471565
8.34174562

Proh. A == B

IR ANEREE

Obhservahle

E{e+_e->

pTuis — selectron
E{mu+, mu—>

pTuisz — smuon

E{tau+, tau—>

E{mu+, mu—>—chargino
E<jetpaird—chargino
ME <(4jets? - chargino
E{jetpair? + mu —chargino
M{chi+ chi-—>

pdivE — chargino
pdivE — chargino — 2
photon E — L5P

Obhservahle

E{e+_ e—>

pTuis — selectron
E{mu+, mu—>

pTuisz — smuon

E{tau+, tau—>

E{mu+, mu—>—chargino
E{jetpair?—chargino
ME <(4jets? - chargino
E{jetpair? + mu —chargino
M{chi+ chi-—>

pdivE — chargino
pdivE — chargino — 2
photon E — L5P

Looks

BTW: even with LCSIM

it takes us ~3 weeks to generate
a full background sample with
a fixed set of cuts since the
background files from TimB
are so large (~ 1.7TB ) even

the "toaster’...this drastically
reduces the number of tests

we can perform... 11



To cover all the possibilities many simultaneous analyses are required:

(i) Selectron/smuon/stau pairs — SM analogues + missing E
(ii) Radiative neutralino pairs using tagged y’s
(iii) %, 1;° — missing E + Z/H (jj /I'I')...this analysis was added recently

(iv) Sneutrino pairs — 4jets+ lepton pair + missing E ... another new one

(V) ;" 1y : analyses will depend on the

Critical parameter for charginos: Am = m o+ — Mo
AN e R

< Decays outside detector

(@) — if Am <m_ we need to do a
stable charged particle search

eT {cm)

1 |
50 70 100 200 300 500 700 1000
Am, {MeV)




From

WHICH LEADS TO... LESSON SIX :

Watch out when these stable particles pass the cuts in other analyses as they
to apparent violations of energy conservation....and funny background

New heavy (~stable) particles are assigned random particle IDs (usually =
or u) and the corresponding energy is computed from measured
momentum and incorrect mass instead of being set to the cluster energy.

Eftms biii- | belite Suts
-

Plot of jet events from specific SUSY
model with 80% left-handed
polarization.

For example, in this stau analysis we are
looking for jj+missing E. The stable y,*
in this model yields a distribution with
<E;>=164.69 GeV while the LSP mass

is 187.19 GeV. This violates energy
conservation by ~20 GeV !!

But this also leads 13



LESSON SEVEN :

Electrons, muons, photons and any stable charged particles are tagged as

“jets’ by the vanilla Icsim. These are not jets, i.e., they are not hadrons.

is a contamination in the stau, neutralino and chargino analyses to both

signal and backgrounds....this is what happened on the previous slide.
needed to remove these fake jets with our own algorithms.

partlal SM background, chi*2_i analysls = g« = +80% pol., 0.5 TeV, 250 fbA(«1)

events250 bt - 142 Gey

ST

50

404

35'}__

2T

250+

g

:xz" x," on-shell Z analysis

The I I'vv background in
this case is reduced by a
factor of ~30

10 20 R 40 =0 Bd FLL B0

== g4g- -» | Ibar nu nubar, only hadmonic jels
BN e4e- -r g gbar nu nubar, only hadronic joks

ede= == | Ibar nu nubar, incl. leplons I0d a3 jets

M_imeljj) [Gew)

es+e- -> 1 Ibar nu nubsr, cnly hadronic jeks

Entrias - 34
Mean ; 75.287
Rms : 20245
jerte- -3 gy gher nu nubar, only hadronic jeta
Entries : 1946
Mean : a0 2a0
Fme ; 8,423
[o-ta= = | lnar nu nubar, Incl. lsptons (O as |ats
Errtriew B
Mean ; 36534
Rrs : 20228




LESSON SEVEN :

The vanilla version of lcsim has the y_ . value in the jet
set too low and needs to be increased otherwise too many
will be produced in both the signals and backgrounds.
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Analyses Continued

(b) When m_ < Am <~1 GeV the chargino decays to soft hadrons which
tag by a hard photon. A full matrix element calculation is important here...

PYTHIA o/ CompHEP o for associated hard y production

L v : : ' e — 0.7
e 0.65 |
os | i *e CompHEP produces
+
06 | 4+
x
__ S harder y spectrum
e ’ + +
= el 1 0.55 Bt
E +* “++ e
E g 0.5 + ++_',+_H_ +++ + + " +
= -
£ © 4 +t3 4 t 4 ¥
B ooaf Y oas| U AR SR 2 ++ -
+ L *4
1 & He +
0.4 I L : L + + ++
-+
| =+
ne 0.35 s -
0.3
+
: 0.25 A L .
MyATo 0 Ge'ts o 50 100 150 200 250 300 350
Am pT(y) in GeV

(c) For larger Am, we look for chargino decays through real or virtual W’s or

through smuons which lead to (4j/jj+u/uu)+ missing E final states. There are
multiple sub-analyses here depending on the specific final state and W virtuality.

Now for some 16



Sample Analysis Cuts :

Az slresdw manbonsd shoess, wa sbudy tha channal

eteT — st ®E. (4.2

that i=, the signaturs is an alsctron pair plus missing anargy. Wa dameand:

1

Feactly Ewo lapbons, idantifisd as an aleckron and a posikron, in bhe evvant. Minimal
Thi=s cuks cubk S0 background whars for exampls both Z= decsyr lapbonically. cuts applied

B, <1 GaV for o] = 0.9
Thiz iz bocut down themsein 2M backgrounds from s and baam- bransstreshlung
that produca lapkons predoniinantly slong the baans asas.

E, =04z in tha forward hannsphara.

Tha forward hamisphara i= defined a= tha hamisphare arcund the thrust asds
that has more vizibla anargy. (In this casza wa only hawva 2 visible particlas, =0
thiz amounts bo kaking the highest anargy of ona of tha parbcles. )

Tha STIEY =ignal hes missing anargy in both hanisphares, wharaos S0 ote—
produckhon wia = psairs has ons=ing anargy onlw in ona of tha hennsphares,
becmuss the othar & dacsrs inko neutbknncs in tha othar hamisphara.

cE @ > —0.U6 for the reconskruckad aleckron-posikron padir.
Sinca SUSY hos & lob of nossing By, the SUSY-producead peir will not ba
back-bo-back, 1n conkrast bo the S0 backpround evants.

“Wa damand that the wisiblae branswarse momanbum, or equivalankly, tha Erans
warza maomankum of the aleckron-posibron pair, Py, = p{:'-"_ = 0.0 =
Thi= cuk i= bo reduca the vy and ei’:r backoround which has mosbly lowr oy

Acoplanariby angla St > 40 degress
In cur casa, sinca wa damand bwo aleckron candidatbss, the acoplanaribr anpls
iz equivelant to o minus the angls babwesn the elactron pps, S * = o — By,
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Sample Analysis Cuts : Selectrons (cont.)

which branslabes the abowva raquirameant bo & restrickion of the Eransvarsa angls
oE By = 004
Thi= cutz cut a lot of W-pair and yy-beckground which tands bto ba moe
back-bo-back.

oM e = Mz — 0 3V or My - > Mz 4+ 0 GalV.
This i= bo cutb out events from 2z, that is, ete™ — Z2 — gtewi.
events/2 GeVi250 for{-1) = aftar cut 1
ma__ = after cut 2
1 == giter cut 3
! == after cut 4
7 = after cut 5
10
E == gfter cut 6
= final
105+
5

I I f f f f I I f f |
20 445 L) 80 100 120 140 160 180 200 220 240 260 280 300
E{e+.a-} [GaV]
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Selectron Example: Good S/B

Model 13291:
Smuon Masses
- L: 968.63 GeV
- R: 187.02 GeV
LSP Mass: 101.16 GeV

Model 10197:
Selectron Masses
— L: 79492 GeV
- R:170.88 GeV
LSP Mass: 151.93 GeV

SPS1A:
Selectron Masses
- L: 20214 GeV
—  R:142.97 GeV
LSP Mass: 96.05 GeV

Ejes -]

Everts/ 250 ' (-1}

e

oo T

ﬂ

1

= zWalRl 3k
== R1331.aea
== RIQ19T.aca
= e atol aida

EralRi aila '
Ennsz: 2304
Flaan: Q8004
Ame: &T3M

FnaE1 ada

Emliles . Z1072
Mman: B1.TH
Ame: J2472

R10I9T aida

Emnec: 1504
Mman: 2423
Ame: 12957

&0

w

oo Mo 13 13 &40 1m0 &l

170 18 1@ @0 210




However, sometimes the signal is buried and things are not as

Efa-t,a—) Elpt.e=)

T = lLeft B35 & T — Hight BC
=2n + — L2031 nica i+ — A25H.akia
=0 T ST

240 T L=ft Bis 5T Right BG

) Enfres; 17312 - Enmes | 3304
ZM} Mear: 53578 1 ~ Niean ; 95,004
0+ Ame: 56792 j i R 57344
20T e 22631.ain
e | rres . &72
150 4 l Mo il
rEnte, Ferma | %3035

L

| Hmu ] '
bmf“ﬁwimw il |

] |

o A sl T

o Background ik ;l rhIW”

) oAl S NIRELEM

i Ay

CAT o e e " O ] “uﬂt - T L‘ e

» Selectron signal from model 2631 is totally invisible for

left-handed polarization, marginally visible for right-handed
polarization

From 20



Smuon Example:

Good S/B

Generally very clean !

(M, Im-)

Model 13291:
Smuon Masses
— L 96863 GeV

- R: 187.02 GeV L

L5P Mass: 101.16 GeV

Model 10197:
Smuon Masses
— L: 794.92 GeV
—  R:170.88 GeV
LSP Mass: 151.93 GeV

SPS1A:
- L: 202.14 GeV
- R: 14297 GeV
LSP Mass: 96.05 GeV

= ZlialF1.ada
— Ri3281.ada
= R10197.ada
— gpialel 5Ha

SMallR1.aida
E Emrzz: 1000

Mean: 7730

| Ame: S0373

Rl 3291 aida

Enlris= . 4197
=an: &5
| Ame: 32835

R10IGT.aida
Emnaz: =30

Mlaan : 24507
Ame: (2280
I
cpel aed aca
Emn=z: B422
Mzan: 55452
Amel D35 |

H“

t 1
0 1

t el t
1m 13 14 18 o 20 20

21



However... some models are more difficult to see...

LLH Polarization

(ML=

Ef mw+

22

— R2ZE31 aida
— L1352 aida
— L13291 aida

— LE3d0.ada

L1d4E70 aida

L2333 aida
== Shial aida

— L2531 .ada

Enti=s :

LE3d0. ada

R2E31 aida

212
42330
T.7233

Enties -
L11362 aida

ful=an :

A= :

1a02
52 894
18 4563

Enti=s :
L13291 aida

ful=an :
A= :

Entie=s: 1364
a2 381

Arr=: 33190

L14E70 aida

ful=an :

az

21920
B.3730

Enties :
L2333 aida

ful=an :
Rrre=:

103

29514
43554

Enties :

Tul=an :

Frrs:




Note the event rates on these plots.....

—

E[{mw+,mu-

RH Polarization

1000 4
o975 4
950 4
92.5 7
00 T
ar.5s 7
asno 7
a2.5 7
anno T
TT.5 7
TS50 1
T2.5 1
oo
BT.5 7
B50 7
B2.5 7
g00 7
57.5 7
550 7
52.5
s00
47.5
450 7
42.5 7
o0 T
ar.s
3z0 A
32.5 1
Jan 4
27.5 1
250

22.5

200

175

150

12.5

100

=== Svlall aida
— R11352 aida
— RM4ET0 aida
F2933 aida
R190E7 aida
R34953 aida
— R2531.3da

[=ulall i da
Enfiems @ 1044
fl=an : 75325
Rre=: 80233

F11352.ada
Entries : 30
ful=an : 59990
Rrrs: 17951

F1a6870.ada
Eniries : 30
ful=an : 20390
Rrm=: G.48152

R2T334.ada
Entri=s : 240
ful=an : 29727
Rrrs: 4.8233

F1037.ada

Enfi=s : 2372
ful=an : 34974
Rre=: 27338

RI4353.ada

Enfi==: 5225
ful=an : 20039
Rr=: 23.537

R2E31 aida
Enfi==: 1572
ful=an : 75933

e 248043
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More smuons? Here are 6 models passing the smuon search
that are NOT smuons but feed-down from other SUSY particles...

E{ muw+, mu-)
180 T — mixRl.ada
— RE00E.ada
1257 — R12343 aida RI I
Tt — R14343 aida
R153% aida
15 —+ REFOTS aida
— R33N aida
10 T
s + lVl mixR1 ada
Enfi=s: 950
4 fl=an : 74.572
0o Rrm=: 534847
as T REOOE aida
Entries : s0a
0T Mean : 15718
Rrrs: 7.5239
as
R12343.ada
an T Eriries 14
ful=an : 18254
75T Frm=: 42713
] R14343.ada
0 Enkies: 589
ful=an : 16301
B R 7.a241
g0 T R15393.ada
Enfi==: 293 ° °
55T fl=an : 13303
— = | This 1S a rather
2 RETOT 5.ada
Enfi==: 433
45T
Mean : 14252 COII|II|OI|
Frm=: £.7334
R39331.ada
Enfie=s: G303
ful=an : 51.141
P 231293
sl I_I
! |H 1 — |1t H [ 5 I i' H1 24
an 100 110 120 130 140




For some slepton cases it is RELATIVELY easy to

distinguish models...

i

O
selectron analysis
O

i

euents/250 M {—1)2 GeV

— Hodel 33
— el 1819

1007
E_
Dbl TEEA
=iy Enirss SEIE
Miszisrt A04.53
B3 Fa - 5.8 PR
B0 IE.I.IH'-I'."lI'ihnhLE: ERED T
ol G198
Fi=m ST ABSE
i a 04 Er3
L F.fisE - =TT
£S5 S sig v | 4532 7
] |
=T NURIR U ]|
m_ 1
dS_
4014
s
a0
5
El_-
151
104
5_
a i i i i } |
a S0 100 120 200 Za0 200

Eile+.e-) [EeV]

i

smuan analysis
-

events250 - 152 Gev

E0

— Wi=dal ZE31
— Ms=dal VEDE
Ptz il 2530
Erinies ! ]
Wean - 3. TIN
A ! S5.000
Sui@m OraaIghes - S48l 8
JPotlzad il 151 B
Eritries FF
Waan - 04, 510
Arm ; BB
Sum OrWeights - Z553 8

h

1
1
50 100
Eimu+ mu—} [Zev]

1
1 1
150 200



Staus are generally much

For large Am, rates are low while for smaller values the signal is
all piled up at low jet energies..which is where the backgrounds
are...

Also in some cases the stau is the lightest MSSM state and is

E{tau .. lau_) before culs

5,000 M L1125 .aia
W Lo aida
o A~ 25 Gel B L1507 aida
Ll1z5.aiaa
e Erirles :  S270
Piman @ 4971
e E Ame : 2G 125
EHulal T LB-I-.a_l:Ia
. stable stau iR s
9800 — MOSt mOdelS lOOk llke Bre:  1.61135
207 aida
Gk Erries : 11943
rvEan . 19052
2 500 Fre: 14700
2,000
1,500
1,000

Am o~ 100 GeWf

T Y ¥ i 1 U
x] 10 20 =20 40 Ean] =) 7O = u (=] ] 100 110 120 120 140 180 1E0




Stau backgrounds are quite reasonable once one
suitable tau ID cuts and removes leptons faking

[= I ]

I

filn

) l Eftau+ tan—3) — shauw analygis —— e— = +90%% pol |, 0.5 Tew, 250 fb*{ —1) —— Cabe: 6252007
1
awantzz ey rasn te—1) — Wl Shd bEcHgroUnd — rEguiar 180 10
150 T — Wil Shd background — no Slecironsi il
145 + T 2+ QAmTAE —= 2+ I+ |— (| = 3 [T 180 [U], AU AUBar -+ = 2 o8
qano 4+ —— @— gAarmma — 28—+ |—{l = & [T 180 [U], AU AUBEr I— i = & o, 180
135 7T huan 5 vt baCHgEURD — Fequiar \u 10
13o + Eniies e
mA2an : 11451
125 7T A= : 7o
120+ Bumcriwaghts : s E= 0
115 4+ hull 2 ki backegmund — no Sacironz il
< SM background T -
1o T relizan : 11.513
105 + f k d b t A ¢ T.EaEE
100 4+ a es remove u j= QAMIME —= &+ |+ I— | =& MU, 180 AU], AU AUSErE - ] =S T e
s Eniies : Fe
T L4 o ri=an 100771
o] 1 including, e.g., T— e aasae
oe == BumoiwalgnTs : F01z=
- l=— garmma —= 2— |+ 1— {| =2, mu 180 au), nu nusar l— =2 o =)
207 - Eniles : as5d4
P Felan : 11 .5z
ArTs 7oA
o 1 L Sumcmeegnts © e
&5 T
01 E
55 1 | | i
=0 1
45 1 - -
a0
as 1
[0
=5 1
=0 1+
151
=]

T T, s
T T T T T T T T 1
=0 =0 =0 o = b=} 100

10 =0 a0
TTTT Eilau—+ 90— [Gaw]

SM background (after removing events with electrons) !
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However, not too many models yield a large enough

-
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A Sneutrino pairs are Kinematically accessible in 11/242

For the first 2 generations we have :

(i) sneutrino — v + LSP is invisible, but generally dominates X

(ii) sneutrino — W + slepton — jj + lepton + LSP : not allowed on-shell X

(iil) sneutrino — y,* + lepton — jj +lepton +LSP : allowed in only 1 model
and the resulting jets are rather soft..... X

(iv) sneutrino — v + 5, — jj +missing E : allowed only in one model and the
jets are again too soft... X

&% — sneutrinos are not observable at 500 GeV in any

...and tagging the sneutrino final state with a y doesn’t work 29



LESSON

A healthy fraction of the backgrounds in the selectron, stau and, as we’ll

see, the chargino analyses arises from the lack of tracking/particle ID

below ~140 mr in the default description of the SiD detector in the vanilla
version of lcsim. Identifying the presence of EM clusters only is no substitute
for knowing we have electrons or muons present in the final state at low
angles. A user-friendly interface allowing for access to changeable detector
parameters would be helpful for physics/detector studies.

It would be helpful for new users if a notice appeared on the webpage

describing the coverage and tunable parameters for the downloadable
detectors .
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Chargino Analyses: Difficult

Am is mostly either very small [ NLSP LSP mass difference

to difficult signatures) or too large o
(not kinematically accessible). 2 ok -
E C
E
z |—gap
10:—
|__NLSP LSP mass difference | [NCSPLSP mass difference - BAD region | c
a i
= 3 . 1
I < Pythia feature
P | 10E
é 0 1 2 3 4 Mx:s_ M.( Gevf
=
=
W MM

L L L
1} o1 02 03 04 05 06 0.7 h: M[::Q 1
+— M (GeV)

Am clusters in the few GeV
mass region which has a lot of
serious yy-induced backgrounds

10
|— not accessible
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Charginos-- 2 jet+ muon+missing E Analysis : Dijet Mass

Some of the final state particles are much too soft in many of these models...

a h{ jetprair ) - mu chargino

10000 T M . RH — RAIIF aida

il ]_‘ e ...except when

I Am>M
Al "

JJJIJJ L[ hA]
Mﬂ Tl LWH M
_F\J on-sThTell J | L Luﬁ H
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1
i
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Charginos--2 jet+ muon+missing E Analysis : Jet Pair Energy

Signals are visible for on-shell W’s as Am is now

E(j¥air) + mu -chargino

— Shidl.ada
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10000 1
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<backgroun

These models are rare... 33



Chargino--4j + missing E analysis : Jet Pair

Again, OK for the on-shell cases..

E(jipairrzhanging
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Chargino--4j + missing E analysis : Jet Pair

Mfjelpair=) - chargino

M RH

W

<« off-shell

i i i i v i
10 20 a0 40 Bl =] m an an 100

— Shiall aida

on-shell W’s
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Again very difficult
when off-shell W’s
are produced ....

Model 1822 again,
2%, production
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Chargino--2u + missing E analysis : Muon Energy

-

E{ mw+, mu-j-=hanging
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Small Am ~ Few GeV, Charginos: soft hadrons + photon tag analysis

M{chi+.chi-)

+  Model 16988

T = 5Mall.aida
Am =413 MeV — 1686
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signal from model 38239 do at
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Signals and background for 80% right-handed electron polarization.
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Small Am ~ 1 GeV, Charginos: soft hadrons + photon tag analysis
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Long-lived Chargino

A surprisingly large number of
models have these particles
|. 2 massive, charged tracks only

[

. no tracks within < 100 mrad

3. &< 0.93 for both  (since they were not seen at LEPII)

'i.zr:}“ljv'&

llww last two cuts kill any potential muon background. There should not be any background
left (aside from detector fakes).

B=p/E : pis determined by track curvature in the B field while E is
determined by some other method (TOF or dE/dx not yet in vanilla

lIcsim)...we assume a resolution of 5=5(10) % in our analysis
consistent with ILC detector models. (thanks to B. Schumm)
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Background & Signal for Close

Mass Case #2

1 p/E —-ve

ry close-mass chargino analysis, 5% and 10% E resolution, 500 fb”A(-1), 0.5 TeV
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Looks pretty
good!

Stable
Analysis
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pdivE — chargino

Ewernia’ 250101

of3

<—Model

Model B

T T T
QES 030 035 040 045 050 055

ppppp

Evernia’ 2501b°—1
5

+ + + + + + +
020 025 080 035 04D 045 050 OS5 O

Stable Particle Searches

nackground

These two models are
clearly different for
either velocity resolution
choices.
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Long-lived Chargino Analysis

pdivE = chargine = pdivE = chargine = 2 = pdivE = chargine = pdivE = chargino = 2
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il l“‘

Signals and background for 80% right-handed electron polarization.

Model 39445:

Chargino Mass: 104.92
P
\_:_lel

Am =1.78 MeV

Easy discovery,
measurement of
chargino mass for
either energy spread

Some are

From 42



Long-lived Chargino Analysis (cont)

pdivE - chargine - pdivE - chargina - 2 - pdivE - chargine - pdivE - chargine - 2
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Signals and background for 80% right-handed electron polarization.

From

..some are a little

Model 39445:

Chargino Mass: 104.92
GeV

Am=1.78 MeVY

S/B is huge for
5% smearing, but
for 10% smearing
the signal is
harder to see
(though probably
visible due to low
beta tail).

Low sensitivity to
light chargino

masses if energy
smearing is 10%



Radiative Neutralino Production

ete” — 7,%," is invisible so we employ the y-tag again,
which we calculate using CompHEP.....

ANALYSIS CUTS AT 500 GeV :

1 B W N -

B

SPS1

/ backgroun -

I EIJ'U‘ J

600

TA00
V5 [GeV]

800

1000

I W R
ere =Yy T Y

. One v and nothing else visible in the event

. Ei7 = Ersiné” > 0.03 Vs, 67 is y angle w/ beam axis
. sin6r > 0.1
. E¥ < 160.0 GeV (removes radiative return to the 7)
. Use CompHEP to generate hard matrix element

The signal is "big’ for SPS1a but this is
SO over the model space we explore...
SM backgrounds from e*e—vvy(y) are
also very large and difficult to kill with
standardized cuts

Dreiner et al., hep-ph/0610020 44



Radiative Neutralino Production

This is a situation where positron polarization would be helpful
killing the backgrounds and increasing the signal....

This is the neutralino-only
model with the largest
signal cross section....

The background here is
about 20x larger than the
signal so these models look
hopeless!!

Signal and background for 80% right-handed electron polarization.
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....the situation is much worse in all other model

It is clear from this analysis that the LSP-pair final state remains
due to the very large SM backgrounds unless we do something

RH Polarization

E,
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The largest contribution to the e"e- —vvy background is from graphs with
W-exchange coupling to a LH e~ , but this shows a strong polarization
dependence, cB(e ) ~50 cB(e)....

The best way to remove this background is with RH beam polarization and
having both beams polarized is even better . For the signal, the models
cluster with either (i) o5, ~ 65, or (ii) 65; >> o5, This provides another
reason to have positron polarization . (hep-ph/0507011)

What does beam polarization ( P =0.8 +?) do compared to unpolarized beams?
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1" 1" Analysis :
most models accessible at 500 GeV have
a smallish mass splitting and will be tough...

| fabs(m20)-m10 {fabs(m20)+m10<500.0} | htemp
Entries 46
Mean 36.42
RMS 48.12

10

|— might work(S) | — on shell Z final state(8)

0

IR

20 40 60 80 100

| 1L

120 140 160 180 200
fabs{m20)-m10
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1,' 1,® — jj + Missing E Analysis : Backgrounds are large...

:

150

155 1

Inwariaunt mass of jel pairs —— chi20—<chiil analysis —— e— = +90%% pol., 0.5 Tew, 250 fe~{ 1) — Dake: 625%2007 E
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- i s T —
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: M E-Z:g;g:'l;'r:a—:- nu_= u dbar, nu_a c:';:::g;
: ii e =
A —W ..but these set of cuts are too tight to
: produce ANY signal events and
I also we want to Kill the both the W
i | shoulder as well as the Z
i § ....try again.
I ]]} S/ A
A < H (non-b-tagged jets)
i ' = 1= . I.Il#:tlﬂ E & | FE ' |

kg2 ipalr) [Sen]
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Changing cuts we now have the "best’ S/B ratio
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We see that the signals for M -
either polarization are quite -l B
small but might still be 2 =
Contrary to claims, this is not an [} ol
easy channel for our models. o

% M _L; aaaaaa g-v—an_":l-ﬂr—rHﬁ_ Fonn I

L Note feed-down from other

| LH g particle decays..

=i A detailed study of cuts

=321 help somewhat with S/B in

: == this case...




LESSON As we have

“SUSY IS A BACKGROUND FOR SUSY”’

Just because you are looking for smuons or
or neutralinos doesn’t mean what you do find is the
state you are actually looking for...though it is

E.g., more models may pass our staus search’ criteria than
there are models with kinematically accessible staus... BUT
models with real staus can be somewhat tricky to find. This is
true for other analyses as well and we are just beginning to
access this result....
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%,? %, — up + Missing E Analysis

The signal rate is

inw{mu+, mu-)

= low...unfortunately
Tl Here we see muons
1 === being produced by
[ chargino pairs in
. w50 model 39331.
39331
fi | ! ! ! Innn ki rl_ll'_']'rm!—rr-' i prhh g I]-l'rl.[ ! |
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Analysis

MG, T |
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We combine the results for each
analysis of Model A and Model B
with those obtained from two

different full background samples,
B1&B2

For each e- polarization we
perform a statistical comparison of
the various distributions for (A+B1)
vs (B+B2)

We then ask if the 2 models are
distinguishable at a given level of
significance, e.g, 5c

We're just starting to do these
comparisons
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Here’s an example of an
old analysis where you
the differences in both the
sleptons and the

Efe+,e—)
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...and here is another
also showing significant
differences...
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SUMMARY

This project has been a learning experience....and full of many surprises.
The first round of our analysis is now reaching its completion (so that we
can finally get a paper out!) but there are many extensions to the present

work we wish to pursue...

(i) Study the 1 TeV case and the influence of positron polarization on both
signals and backgrounds (more channels to look at). Do threshold
of some kind....

(i) Explore using CompHEP to generate SUSY signal events for all analysis
channels which allows for interference.

(ii1) Study variations in the detector properties, in particular, the effect of
introducing low-angle tracking below ~140 mr.

(iv) Begin a completely new analysis with a more realistic set of models
which includes other constraints from, e.g., the Tevatron, LEP,

2, b—sy, dark matter searches, etc. -



