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LHC and SUSY

LHC results

@ The Higgs: Exiremely
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combination from S.
Heinemeyer ...
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LHC results
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LHC: the fine-print

@ Simplified models are (very) special
cases: no cascades
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cases: no cascades
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LHC: the fine-print

@ Simplified models are (very) special
cases: no cascades

@ CMSSM is also a (very) special case:

Prospino2.|

coloured sector <+ non-coloured 0,k oo SUSY
sector. x \
@ Production needs a gluino in reach. ~ «° \
@ Only generation 1 & 2 squraks (not
much t and b in protons !)
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cases: no cascades

@ CMSSM is also a (very) special case:

Prospino2.|

coloured sector <+ non-coloured 0,k oo SUSY
sector. x \
@ Production needs a gluino in reach. ~ «° \
@ Only generation 1 & 2 squraks (not
much t and b in protons !)

3
10 - ~
100 200 300 400 500 600 700 800 900
m GeV.

@ But what matters for naturalness is o (6]
the third generation:
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SUSY under pressure ?? No, but simple models are !

VUL UPPLSILE SIYII
e = Divergences cancel !
o For this to work: Mpariicie = Msparticle
e Higgs coupling o« Mass = what
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LHC and SUSY

LHC: SUSY hints?

@ ATLAS multi-jets: tantalising
excess for MET + many jets
(starting at 7)
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LHC: SUSY hints?

@ ATLAS multi-jets: tantalising
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LHC: SUSY hints?
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@ And after all: The Higgs: A
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A New bench-mark point

Remember, apart from naturalness:
@ Anomaly in g — 2 of the x.: Would prefer a not-too-heavy smuon.
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A New bench-mark point

Remember, apart from naturalness:
@ Anomaly in g — 2 of the x.: Would prefer a not-too-heavy smuon.
@ Dark matter: A WIMP of ~ 100 GeVwould be needed.

@ EW symmetry breaking, coupling constant unification: points to
NP at or below 1 TeV

@ Suppress the SUSY flavour problem (FCNC:s etc): Heavy 1:st &
2:nd generation squarks would be nice ...

@ Other low-energy constrains : b — sv,b — uu, p-parameter, I'(2)

Can all this be provided by SUSY ? )
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New points

Can all this be provided by SUSY ? Yes, sure ! ]

Take SPS1a,
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New points

Can all this be provided by SUSY ? Yes, sure !

Take SPS1a, and make the TDR 1-4 points
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New points

Can all this be provided by SUSY ? Yes, sure ! ]

Take SPS1a, and make the TDR 1-4 points

How?
SPS1a: mSUGRA TDR1: natural SUSY
@ 5 parameters. @ 11 parameters.
@ One gaugino @ Separate gluino
parameter @ Higgs, un-coloured,
@ One scalar parameter and coloured scalar
parameters separate

Parameters chosen to deliver all constraints, ~ same |LC accessible
spectrum.
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Features of SPS1a’/TDR 1-4

@ In SPS1a’ and the TDR points, the 74 is the NLSP.
@ For 71: E; min = 2.6 GeV, E; max = 42.5 GeV:
vy — background < pairs — background.

@ For 7o: E; min = 35.0 GeV, E; max = 152.2 GeV: WW — Ivlv
background < Polarisation.
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Features of SPS1a’/TDR 1-4

@ In SPS1a’ and the TDR points, the 74 is the NLSP.
@ For 71: E; min = 2.6 GeV, E; max = 42.5 GeV:
vy — background < pairs — background.

@ For 7o: E; min = 35.0 GeV, E; max = 152.2 GeV: WW — Ivlv
background < Polarisation.

@ 7 NLSP — 7:sin most SUSY decays — SUSY is background to
SUSY.

@ For pol=(-1,1): o(%3%3) and o (X7 %) = several hundred fb and
BR(X— #) > 50 %. For pol=(1,-1): o(%3%3) and o (% ¥;) ~ 0.
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Features of SPS1a’/TDR 1-4

In SPS1a’ and the TDR points, the 7; is the NLSP.
For 71: E; min = 2.6 GeV, E; max = 42.5 GeV:
vy — background < pairs — background.

For 7o: E; min = 35.0 GeV, E; max = 152.2 GeV: WW — Ivlv
background < Polarisation.

7 NLSP — 7:s in most SUSY decays — SUSY is background to
SUSY.

For pol=(-1,1): o(%3%3) and o ({{ ¥;) = several hundred fb and
BR(X— #) > 50 %. For pol=(1,-1): o(%3%3) and o (% ¥;) ~ 0.
For pol=(-1,1): o(érér) = 1.3 pb !

For &ror jir: Ej min = 6.6 GeV, E| max = 91.4 GeV: Neither v~ nor
WW — Ivlv background severe.
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Features of SPS1a’/TDR 1-4

@ In SPS1a’ and the TDR points, the 74 is the NLSP.
@ For 71: E; min = 2.6 GeV, E; max = 42.5 GeV:
Once again: SPS1a’ is excluded by LHC, but:

o LHC only excludes 1:st & 2:nd generation squarks. : not visible at ILC
anyhow.

@ The current LHC limits have no influence at all on the EW sector.

e TDR 1-4 has the'same EW-sector, but heavier gen. 1&2 squarks. Any
ILC result on SPS1a’is also good for TDR 1-4

g s Y 2

° ForpoI (1 1): (eReR)—1 3pb'

@ For &ror jir: Ejmin = 6.6 GeV, E| max = 91.4 GeV: Neither v~ nor
WW — Ivlv background severe.
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Extracting the 7 properties

See Phys.Rev.D82:055016,2010

Use polarisation (0.8,-0.22) to reduce bosino background. )

From decay kinematics:
@ M: from end-point of spectrum = E; nax.
@ Other end-point hidden in v~ background: Must get I\/I)z? from
other sources. (i , € ...)
From cross-section:

@ M: = Epeamy/1 — (0s/A)2/3: no I\/IX? !
From decay spectra:
@ P, from exclusive T decay-mode(s): handle on mixing angles 0
and 9)20.
1
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Selection
Topology selection

7 properties:
@ Only two 7:s in the final state.

@ Large missing energy and
momentum.

@ High Acolinearity, with little
correlation to the energy of the
7 decay-products.

@ Central production.

@ No forward-backward
asymmetry.
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Selection
Topology selection

7 properties:

Only two 7:s in the final state.
Large missing energy and
momentum.

High Acolinearity, with little
correlation to the energy of the
7 decay-products.

Central production.

No forward-backward
asymmetry.

Select this by:

@ Exactly two jets.

@ N <10

@ Vanishing total charge.
@ Charge of each jet = +1,
® Mgt < 2.5GeV/c?,

@ E,is <300 GeV,

@ Mpss > 250 GeV/c?,

@ No particle with momentum
above 180 GeV/c in the event.
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The 7 channel Selection

Topology selection

7 properties:
@ Only two 7:s in the final state.

@ Large missing energy and
momentum.

@ High Acolinearity, with little
correlation to the energy of the
7 decay-products.

@ Central production.

@ No forward-backward
asymmetry.

+ anti v cuts (see backup)

Select this by:

@ Exactly two jets.

@ N <10

@ Vanishing total charge.
@ Charge of each jet = +1,
® Mgt < 2.5GeV/c?,

@ E,is <300 GeV,

@ Mpss > 250 GeV/c?,

@ No particle with momentum
above 180 GeV/c in the event.
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The 7 channel Selection

71 and 7» further selections

° 7 > T ]
‘ 8 af P ]
s [ 1
@ 7o “EZO: ‘ ]
a Ar ]
i e . ]
le 7
. \\

07 ‘ T Lo I

0 10 20 30
ptto 2nd jet [GeV]
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Selection
71 and 7» further selections

o ’7':1 :
° (Ejet1 + EjetZ) sin eacop <
30 GeV.

[GeV]

t
P to 1st jet

@ 7o 20

10

(R T T Z I

P S EN S SIS U R
0 20 30 0

pt [GeV]

to 2nd jet

o
=
o
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Selection
71 and 7» further selections

@ 7q:
° (Ejet1 + EjetZ) sin 6’acop <
30 GeV.
@ To:
e Other side jetnot eor i

e Most energetic jet not e or
e Cut on Signal-SM LR of

f(Qjet1 COSYjet1 ,Gjot2 COSbjer2)
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The 7 channel Selection

71 and 7» further selections

@ 7q:
° (Ejet1 + EjetZ) sin eacop <
30 GeV.
@ To:

e Other side jetnot eor i

e Most energetic jet not e or

e Cut on Signal-SM LR of
f(Qjet1 COSYjet1 ,Gjot2 COSbjer2)
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Selection
71 and 7» further selections

@ Tq: ﬁ 1T 7
. Q /
° (Ejet1 + Ejet2) sin eacop < 8_" /
~ o
@ 7o 2)

e Other side jetnot eor i
e Most energetic jet not e or 0
e Cut on Signal-SM LR of

f(Qjet1 COSYjet1 ,Gjot2 COSbjer2) 05—

=il -0.5 0 0.5 1
gcos(0),jet 1
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Selection
71 and 7» further selections

@ Tq: ﬁ 1T 7
. Q /
° (Ejet1 + Ejet2) sin eacop < 8_" /
~ o
@ 7o 2)

e Other side jetnot eor i
e Most energetic jet not e or 0
e Cut on Signal-SM LR of

f(Qjet1 COSYjet1 ,Gjot2 COSbjer2) 05—

Efficiency 15 (22) % J _x\% — /f

-1 -0.5 0 0.5 1
gcos(0),jet 1
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.

@ Background subtraction:
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.
@ Background subtraction:

2 3
o 7: Substantial SUSY 6 1
background,but region =
above 45 GeV is signal free. 2 1¢2
Fit exponential and
extrapolate. 10

60
EJEI [GeV]
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.

@ Background subtraction:

e 71: Substantial SUSY
background,but region
above 45 GeV is signal free.
Fit exponential and
extrapolate. [

@ 7»: ~ no SUSY background 200
above 45 GeV. Take

@
o
o

600

jets/1.8 GeV

IN
o
s}

background from SM-only 0 E

. . . 0 50 100 150
simulation and fit E [GEV]
exponential.
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.

@ Background subtraction:

e 71: Substantial SUSY
background,but region
above 45 GeV is signal free.
Fit exponential and
extrapolate. [

@ 7»: ~ no SUSY background 200
above 45 GeV. Take

@
o
o

600

jets/1.8 GeV

IN
o
s}

background from SM-only 0 E
. . . 0 50 100 150
simulation and fit Eq [GEV]
exponential.
@ Fit line to (data-background

fit).
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.

Results for 74
Mz, =107.737503 GeV/c? @ 1.3 (Mo).
The error from Mi? largely dominates.

extrabolate. " Hnj"‘b” %f H
@ 7 ~ nn SLISY bhackaroiind iy ol .

Results for 7>
M:, = 1837 Gev/c? @ 18A(My).
The error from the endpoint largely dominates.

@ Fit line to (data-background
fit).
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Mass and cross-section
Fitting the 7 mass

@ Only the upper end-point is
relevant.

@ Background subtraction: 800
© f1: Substantial SUSY Em
nnnnnnnnn A KLt vAaniAN :
Results from cross-section for 74

8 GeV

-

.- ' nA CLICV hanlrAvAininA Ll I_| NL
Results from cross-section for 7
A(Nsignar)/ Nsignal = 4.2% — A(Mz,) = 3.6 GeV/02
End-point + Cross-section — A(M~o) =1.7 GeV/c?

@ Fit line to (data-background
fit).
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i channels

Use “normal” polarisation (-0.8,0.22).
® jiLjiL — ppuX9KS
o 9% = iRk — ppxd

@ Momentum of u:s

;212000 ; Standard Model Background (x 1) é
=] F - SUSY background(x 10) ]
;10000 r e 0 - - Hux; (x 100) ]
'E 8000 F N e~ B -ux?ux? ¢ 10) 7
6000 — -
4000 E
2000 E

Ay SRRY RN T ST S (ST S S | A
0 50 100 150 200 250
W energy [GeV]
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i channels

Use “normal” polarisation (-0.8,0.22).
® jiLjiL — ppuX9KS
o 9% = iRk — ppxd

@ Momentum of u:s

) Emiss jg 9000 £ Standard Model Background (x 1)

88000 | ____ susy background(x 10)
%7000 - ee - x0x ~ f - Hpx? ( 100)
6000 F [y e w0
> 5000
4000
3000
2000
1000

00 150 200 250 300

T
50 1

o

E, .. [GeV]

‘miss
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i channels

Use “normal” polarisation (-0.8,0.22).
® jiLjiL — ppuX9KS
o 9% = iRk — ppxd

@ Momentum of u:s

— A R P
(*} E i 216000 | Standard Model Background (x 1) J
miss s £ ]
814000 E - SUSY background(x 10) e

o M/"'U' 512000 ? e x‘jx? - b g (< 100) E
.510000 = O et R - nxnx? (< 10) E

8000 - -

6000 b

4000
2000 ‘ﬁﬁ:ﬁﬁ“ /}

0 RN SREHE2 L - iy
0 50 100 150 200 250 300 350 400 450 500
m,, [GeV]
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i

fivfi

; g _E X2indf= 8.39/14 3
Selections g } oo s ]
@ Omissing p € [0.17,0.97] 8 60 + G ssior
3 50 F Sope(®)  oarrszo
Py Emiss c [200’ 430]G€V > 0 3 taackg.ouna(m sriase
30 F
o M/J',Uf ¢ [807 100]G6V and 20 é* B+A/(L+exp((x-E)IS)) + f
E o sigal El
> 30GeV/c? R A
146 148 150 152 154 156
Masses from edges. Beam-energy 1 energy [GeV]
spread dominates error.
a E T T T T T T T T 3
;‘DB ::llolg ;— B+A/(L+exp(x-E)/S) l é
B 90 E . sgua Hf
:
S 70F
60 57 X2 I ndf 29.73126 é
50 Amplitude(A) 4892294
40 % Edge (E) 3225004 3
o T T T e, ameiie
26 28 30 32 34 36 38 40 42
U energy [GeV]
Mikael Berggren (DESY) Sparticles at ILC KILC, April '12

14/20



i

fuLfir
Selections
@ Omissing p € [0.17,0.97]
@ E.iss € [200,430]GeV
e M, ¢[80,100]GeV and
> 30GeV/c?
Masses from edges. Beam-energy

spread dominates error.

A(Mgo) = 920MeV /c?

A(Mg, ) = 100MeV/c?

Mikael Berggren (DESY)

Yield (500 by

Yield (500 fbY)

70
60
50
40
30

20 F
10F
146

Sparticles at ILC

—— BHA(L+exp((x-E)IS))

o signal

X2/ndf= 8.39/14 3
Anpige®)  aao7sast
e ® 115202 3
Sope(S) 03775201233

Backgound (8) 15175153 3

g

+5

1
148 150 152 154 156

U energy [GeV]

TR T

E — B+A/(L+exp(x-E)/S) l

o signal

2073126 J
Amplitude(a)  48.92+2.94 3
Edge (E) 32.25+0.04
Slope (S)  0.03249+ 110605 3

Background (B) 3821+ 165 3
I

32 34 36 38 40 42
U energy [GeV]

KILC, April '12
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X1X2
Selections
@ [ of yu system > 0.6.
@ Eiss € [355,395]Ge\//c2

Mass from fit to invariant mass
edge.

o
=}
s}

N}
=}
s}

-
o
S

2~ 140 2051176 Sardard Vioder Backarbuta 1]
a Sarron®) ss22szss | =7~ SUSYpackground ]
o 120 25200 X, - BM ~ X
S Loseen | T gl
2 100 yorver
h]
[}
£ 80

60 [

40

20

B
:

Mikael Berggren (DESY) Sparticles at ILC
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w
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- - - SUSY background
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«  Total signal
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X%

X1 X2
Selections
@ Omissing p € [0.27,0.87]
@ P7miss > 40GeV/c
@ 3 of u system > 0.6.
@ Epmiss € [355,395]GeV/c?

Mass from fit to invariant mass
edge.

A(Mgg) = 1.38GeV/c?

T T T
500 Standard Model Background
E - - - susY background
X5~ b~ S
«  Total signal

Yield (500 b
B
o
o
:

w
=}
s}
T

o e ]
40 50 60 70 80 90 100 110
Invariant Mass [GeV]

-
N
o

Z [ ndf = 20.57 / 26 Standard Model Background
a®)

Mikael Berggren (DESY)

zz| —- - SUSYbackground

. X5~ b~ pix; =
120 £29200 |0 ol signal 1
100 |

S
Yield (500 b

©
o
1

N oA O
S o ©
1 1 1

o

40 50 60 70 80 90
Invariant Mass [GeV]
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The standard SPS1a’ & channel
The € channel

o(€r€r) = 1.3 pb: Hundreds of thousands of almost background-free
events expected. J
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The standard SPS1a’ & channel
The € channel

o(€r€r) = 1.3 pb: Hundreds of thousands of almost background-free
events expected. J

Most of the reduction of the SM backround can be taken over from the
7 analysis. ’
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The standard SPS1a’ & channel
The € channel

o(€r€r) = 1.3 pb: Hundreds of thousands of almost background-free
events expected. ’

Most of the reduction of the SM backround can be taken over from the
7 analysis. ’

Some changes needed:
@ E,i; <170 GeV (rather than 120).
@ (Ejet1 + Ejer2) Sinfacop € [21,105] GeV. (rather than < [0, 30] GeV)
@ | COS O missing momentum| < 0.95 (rather than 0.8).
@ Both particles should be electron-like (rather than at most one).

Mikael Berggren (DESY) Sparticles at ILC KILC, April '12 16/20



Mass and cross-section
er Spectrum

@ Signal: 227750 events (solid:
fullsim, dashed: generator)

@ Background: SUSY 1560 6000 L

events, 2219 events. oo |

o Efficiency: 67.8 %. 3
@ Masses: oo r
3000
2000

1000 i

0 U Iy PR | EE U | I

| el
0 20 40 60 80 100
Etmck [GCV]
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The & channel Mass and cross-section

€r Spectrum

@ Signal: 227750 events (solid:

fullsim, dashed: generator)
@ Background: SUSY 1560
events, 2219 events.
@ Efficiency: 67.8 %.
@ Masses:
e From average and RMS
(true: 125.3 & 97.7):
Mz, = 126.5+ 0.5 GeV/c? and
Mo =99.6 0.4 GeV/c®

6000

5000

4000

3000

2000

1000

Mikael Berggren (DESY) Sparticles at ILC

ALLCHAN _0.4637E+06
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The & channel Mass and cross-section

€r Spectrum

@ Signal: 227750 events (solid:
fullsim, dashed: generator)

@ Background: SUSY 1560

events, 2219 events.
@ Efficiency: 67.8 %.
@ Masses:

e From average and RMS
(true: 125.3 & 97.7):

Mz, = 126.5+ 0.5 GeV/c? and
Mo = 99.6 £ 0.4 GeV /c?

° From E,is € [40,150] GeV:
Mz, =124.6 0.5 GeV/c? and
Mo = 98.34 0.4 GeV/c?
(potentionally: +-0.21 GeV/c? and

+0.17 GeV/c?)
Mikael Berggren (DESY)

6000

5000

4000

3000

2000

1000

Sparticles at ILC

Entries

949606

I - L |
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Mass and cross-section
er Spectrum

@ Signal: 227750 events (solid:
fullsim, dashed: generator)

@ Background: SUSY 1560 6000
events, 2219 events.

o Efficiency: 67.8 %. "

@ Masses: 4000

Comming: |
Integration over beam-spectrum and folding in detector-effects. ’

1000
M~07996:t04GeV/02 M H\J

o From E,is € [40,150] GeV: o0
M, = 124.6 + 0.5 GeV/c? and B lGeV]
Mo = 98.3 +0.4 GeV/c?

(potentionally: +-0.21 GeV/c? and

+0.17 GeV/c?)
Mikael Berggren (DESY) Sparticles at ILC KILC, April '12 17/20




Summary

@ The current understanding of the LHC results was presented.
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Summary

@ The current understanding of the LHC results was presented.

@ A new ILC bench-mark point, TDR 1 was presented. It is ILC-wise
almost identical to SPS1a’.
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Summary

@ The current understanding of the LHC results was presented.
@ A new ILC bench-mark point, TDR 1 was presented. It is ILC-wise
almost identical to SPS1a’.
@ Full simulation of &, ji and 7 production in SPS1a’ in the ILD
detector at ILC was presented
o All background - SUSY and SM - included. .
@ Beam-background included.
o After 4 ILC years:
© A(M:) =80 MeV/c? @ 1.3A(Mo).
A(M;,) =8 GeV/c® @ 18A(Mgo).
o A(P:) ~ 6 % (see backup).
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Summary

@ The current understanding of the LHC results was presented.

@ A new ILC bench-mark point, TDR 1 was presented. It is ILC-wise
almost identical to SPS1a’.
@ Full simulation of &, i and 7 production in SPS1a’ in the ILD
detector at ILC was presented
o All background - SUSY and SM - included. .

@ Beam-background included.
o After 4 ILC years:

© A(M:) =80 MeV/c? @ 1.3A(Mo).
A(Mz,) =8 GeV/c® @ 18A(My).

o A(P:) ~ 6 % (see backup).
@ For ete™ —fiLfiL, we find: A(Myo) = 920MeV/c?
A(Mz, ) = 100MeV/c?,
@ For $9%3 — pir%? — puxd%8, we find A(Mgg) = 1.38GeV/c?
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Summary

@ The current understanding of the LHC results was presented.

@ A new ILC bench-mark point, TDR 1 was presented. It is ILC-wise
almost identical to SPS1a’.
@ Full simulation of &, i and 7 production in SPS1a’ in the ILD
detector at ILC was presented
o All background - SUSY and SM - included. .
@ Beam-background included.
o After 4 ILC years:
® A(M:) =80 MeV/c* © 1.3A(Myo).
A(M;,) =8 GeV/c® @ 18A(Mgo).
o A(P:) ~ 6 % (see backup).
o For ete™ —fifir, we find: A(Myo) = 920MeV/c?
A(Mz, ) = 100MeV/c?,
@ For $9%3 — pir%? — puxd%8, we find A(Mgg) = 1.38GeV/c?
o A(My) = 400 MeV/c? (prospect: 170 MeV /c? )
A(Ms,) = 500 MeV /c? (prospect: 210 MeV /c?)
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Summary and outlook

Outlook
At SPS1a’ (TDR 1) there are
@ 10 (11) masses
@ Cross-sections for 13 (18) channels
@ >100 branching ratios
@ Several mixing angles
to measure at a 500 GeV ILC.
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to measure at a 500 GeV ILC.
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Summary and outlook

Outlook
At SPS1a’ (TDR 1) there are
@ 10 (11) masses
@ Cross-sections for 13 (18) channels
@ >100 branching ratios
@ Several mixing angles

to measure at a 500 GeV ILC.
We intend to study TDR points

@ At different Ecys

@ With different beam-polarisations

@ At different theory-points

@ Main tool: Fast simulation tuned to full-simulation
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Outlook
At SPS1a’ (TDR 1) there are
@ 10 (11) masses
@ Cross-sections for 13 (18) channels
@ >100 branching ratios
@ Several mixing angles

to measure at a 500 GeV ILC.
We intend to study TDR points

@ At different Ecys
@ With different beam-polarisations
@ At different theory-points
@ Main tool: Fast simulation tuned to full-simulation
We are also studying other (cosmo-inspired) “LHC nightmare points”:
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Summary and outlook

Outlook
At SPS1a’ (TDR 1) there are
@ 10 (11) masses
@ Cross-sections for 13 (18) channels
@ >100 branching ratios
@ Several mixing angles

to measure at a 500 GeV ILC.
We intend to study TDR points

@ At different Ecys
@ With different beam-polarisations
@ At different theory-points
@ Main tool: Fast simulation tuned to full-simulation
We are also studying other (cosmo-inspired) “LHC nightmare points”:
@ All sfermions at > 10 TeV.
@ Only9, %9, %7 light, and quasi-degenerate
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Summary and outlook

Outlook
At SPS1a’ (TDR 1) there are
@ 10 (11) masses
@ Cross-sections for 13 (18) channels
@ >100 branching ratios
People involved:
N. d’Ascenzo, J. List, S. Caiazza, K. Rolbiecki, H. Sert, M.B.

VVG IHILGIHIU WV ol.uuy I P\JIIILO

Thanks to:

P. Schade, P. Bechtle, R. Wilkinson, G. Moortgat-Pick, G. Weiglein, H.
Baer, S. Heinemeyer, W. Buchmdiller

@ Main tool: Fast simulation tuned to full-simulation
We are also studying other (cosmo-inspired) “LHC nightmare points”:
@ All sfermions at > 10 TeV.

@ Only9, %9, %7 light, and quasi-degenerate
— e L



Summary and outlook

THANK YOU !

Mikael Berggren (DESY) Sparticles at ILC KILC, April '12 20/20
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Y /" Suppression
~7y suppression

A(M) =10.2 GeV/c? — v background ...



Y /" Suppression
~7y suppression

A(M) =10.2 GeV/c? — ~ background ...
> 20[

@ Correlated cut in p and 0 acgp: 10°

O]
of jets wrt. thrust axis, in x-y S
projection.)

10°
10f

10

0 50 100 150

q)a\cople\n. 16 deg



Y /" Suppression
~7y suppression

A(M) =10.2 GeV/c? — ~ background ...
> 20[

@ Correlated cut in p and 0acop: Iz
p>278iN0z0p+18. (p=Pr -
of jets wrt. thrust axis, in x-y o
projection.)

107
10°
10°

10f 10°
L 10°
5[ 102
i 10
1
% 50 100 150

q)acoplan. 16 deg



~7y suppression

A(M) =10.2 GeV/c? — ~ background ...

@ Correlated cut in p and 0acop:
p>2.78iN0g0p+1.8. (p=Pr
of jets wrt. thrust axis, in x-y
projection.)

S 0T g
= [
O [ b
—
o 15~
10~
sE % g
L e
L=
0 |
0 50 100 150

q)a\copla\n. /16 deg



Y /" Suppression
~7y suppression

A(M) =10.2 GeV/c? — ~ background ...

@ Correlated cutin p and Oacop:  os
p>278N0x0p+1.8. (p=Pr & 7
of jets wrt. thrust axis, in x-y *
projection.) 15

@ no significant activity in the " \j\
BeamCal

-25
-3

-2.25 -2 -1.75-15-1.5 -1 -0.75-05-025 0
log(©)




Y /" Suppression
~7y suppression

A(M) =10.2 GeV/c? — ~ background ...

.
N

@ Correlated cut in p and 0acop:
p>2.78iN0g0p+1.8. (p=Pr
of jets wrt. thrust axis, in x-y
projection.)

P, miss /0.5 GeV
i
o
T

@ no significant activity in the
BeamCal

o N A O ©®
T

@ ¢p miss NOt in the direction of
the incoming beam-pipe.

|
r u n T u
C m" |
F J E 2 1
0 100 200 300
@ iss /10 deg

10°

10?

10



I 1" Suppression
End-point and cross-section

Additional cuts against v+ (not needed for polarisation, due to PID
requirements):

° ’ Cos Hmissing momentum‘ <038
@ Low fraction of “Rest-of-Event” energy at low angles.

From now on: Different cuts for 7y (yy background), and 7 (WW
background).



I 1" Suppression
Fitting the ¥ mass: Cross-section

@ Poorly known SUSY
background is most important
contribution to uncertainty.

@ Select region where is is as
low as possible.



I 1" Suppression
Fitting the ¥ mass: Cross-section

@ Poorly known SUSY
background is most important
contribution to uncertainty.

@ Select region where is is as
low as possible.

events/0.5 GeV




I 1" Suppression
Fitting the ¥ mass: Cross-section

@ Poorly known SUSY
background is most important
contribution to uncertainty.

@ Select region where is is as
low as possible.

events/1.8 GeV
w
o
o

N
o
o

100 |-

0 50 100

Max(E, ) [GeV]



I 1" Suppression
Fitting the ¥ mass: Cross-section

@ Poorly known SUSY
background is most important
contribution to uncertainty.

@ Select region where is is as
low as possible.

1ts/0.5 GeV

=

o

o
-'_'_'_'_'_'_
_l_l_l_l_l_l_

JUF’LJ".LAH,

Results for 7
A(Nsignar)/ Nsignar = 3.1%

A(Mz)/ Mz, = (A(0)/0)(52)/3(1 = 57)= 2.1 %, Te.
A(M:) =3.2GeV/c?

U 1V ydv) 3V Max(get) [Ge\ﬁu



I 1" Suppression
Fitting the ¥ mass: Cross-section

@ Poorly known SUSY
background is most important
contribution to uncertainty. - | .

o Selectregonwhereisisas £ | [Vl i

Results for 7

A(Nsignavl)/Nsignal =4.2%

A(Mz,)/ Mz, = (A(0)/0)(57)/3(1 — 57)= 2.4 %, ie.
A(M:,) = 3.6 GeV/c?

End-point + Cros-section — A(Mgo) = 1.7 GeV/c?

Max(E,) |GV



71 End-point and cross-section

@ |cosbjet| < 0.9 for both jets,
@ 0acop > 85°,

@ (Ejet1 + Ejetz) Sin Oacop <
30 GeV.

@ My > 20 GeV/c?.

[GeV]
-2

t
P to 1st jet

20

10}

b)

o n

10 20
pt

to 2nd jet

30
[GeV]



N 1 and 72 selection
71 End-point and cross-section

(] Evi5< 120 GGV, %‘ :‘ﬁ ) . "
. O 30~ 9

@ |cosbjet| < 0.9 for both jets, 5 [y
@ 0Oacop > 85°, s

: S 201
o (Ejeﬂ + EjetZ) sin Gacop < = [ .

30 GeV. i ..' R
o MV/S > 20 GCV/02 10? "=
OO‘ - ‘1‘0‘ - ‘2‘0‘ - 3JO
pt [GeV]

to 2nd jet



N 1 and 72 selection
71 End-point and cross-section

(] Evi5< 120 GGV, %‘ :‘ﬁ " =
@ |cosbjet| < 0.9 for both jets, 5 [
@ Oacop > 85°, g i
. = 20
° (Ejet1 + EjetZ) SN Oacop < = [
30 GeV. i ..' R
@ My > 20 GeV/c?. 10[- w
Efficiency 14.9 % | TR
pt [GeV]

to 2nd jet



N 7 1 and 72 selection
7o End-point and cross-section

@ E s > 50GeV.

@ Oacop < 155°.

@ Other side jet not e or

@ Most energetic jet not e or

@ Cut on Signal-SM LR of
f(Qjet1 COSOjet1 ,Qjeto COSYjet2)




N 7 1 and 72 selection
7o End-point and cross-section

@ E s > 50 GeV.

@ Oacop < 155°.

@ Other side jet not e or

@ Most energetic jet not e or

@ Cut on Signal-SM LR of
f(Qjet1 COSOjet1 ,Qjeto COSYjet2)




N 7 1 and 72 selection
7o End-point and cross-section

@ E s > 50 GeV.

@ Oacop < 155°.

@ Other side jet not e or

@ Most energetic jet not e or

@ Cut on Signal-SM LR of
f(Qjet1 COSOjet1,Qjet2 COSOjet2)

SJUDAD

()

200

=

i "\"‘\‘\‘\"‘\"‘mfu‘{"\“ﬁm-f
00 02040608 1 1214

Likelihood ratio



7o End-point and cross-section

@ E,is > 50 GeV. N I
® Oacop < 155°. = |
@ Other side jet not e or 11 g0-5

@ Most energetic jet not e or <

@ Cut on Signal-SM LR of of
f(Qjet1 COSOjet1 ,Qjeto COSYjet2)

=il 05 o0 05 1
gcos(0),jet 1



7o End-point and cross-section

@ E,is > 50 GeV. N I
® Oacop < 155°. = |
@ Other side jet not e or 11 g0-5

@ Most energetic jet not e or <

@ Cut on Signal-SM LR of of
f(Qjet1 COSOjet1 ,Qjeto COSYjet2)

Efficiency 22.3 %

=il 05 o0 05 1
gcos(0),jet 1



N  The ~ Polarisation
7 Polarisation: formulae and corrections

Spectrum of risin T — 7Ty,

P~
1do | (1= Prlog g™ +2Pryr(pl— — pt—) forye < Pz

o ~ T ,min T ,min T ,max

P~
oY | (1 Pr)log Tme 4 2P, (1 - pYe) for Ye > Ps

T ,max



N  The ~ Polarisation
7 Polarisation: formulae and corrections

Spectrum of risin T — 7Ty,

1 do (1 — P;)log sz F s + 2P Yu(p— — p=—) foryx <Pz

o ~ T min T ,min T ,max

P~
o dyx (1- PT)IOQ% +2P (1 — ) for Yr > P-

T,min

Pion Energy Spectrum

Analysers:
@ w-channel: P,
@ p-channel: E;/(E, + E,.s)

Ratio / 1 [GeV]

Note the importance of the region
with Y, < P-

T, m/n

0 5 10 15 20 25 30 35 40 45
Pion Energy [GeV]



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.

@ Calculate efficiency correction:

o
o

efficiency
o
=
T
j o

03f B

0.2~ 3
r v P,=+1sample ]
C 4+ P,=-1sample ]
0.1 e P, =0sample ]

—— efficiency parametrisations

0 10 20 30 40
E [GeV]



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.

@ Calculate efficiency correction:

e Fit P,, with normalisation from & -
cross-section determination. wof |

w
=]
=]
T

T T
* reconst. Points

N

a

=]
T

— fit to reconst. Points —|
— signal

N

=]

=]
T

background

entries / 1 GeV

0 10 20 30 40
E [GeV]



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.

@ Calculate efficiency correction:

e Fit P,, with normalisation from & -
cross-section determination. soof |

@ Repeat fit with randomly s
modified background. o A —

@ Determine effect from A(Mi?)
and A(M;z, ) numerically.

w
=]
=]
T

T T
* reconst. Points

N

a

=]
T

— fit to reconst. Points

— signal

entries / 1 GeV
N
o
o
T

40
E [GeV]



N B
7 Polarisation from 7: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate. 3| - reconst P

@ Calculate efficiency correction: 3
e Fit P,, with normalisation from & = "

V
w
=1
S

— fit to reconst. Points

N

a

=]
T

— signal

N

=]

=]
TTTT

entries/ 1 G

cross-section determination. 100; ‘ E
@ Repeat fit with randomly 50 ]
modified background. o —

@ Determine effect from A(Mi?) E[GeV]

and A(M;z, ) numerically.

P, =93 + 6 + 5(bkg) + 3(SUSY masses)%
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Y e  Polarisation
7 Polarisation from p: background and signal fit

Method to extract the polarisation:

@ Fit background MC.
@ Subtract this background

estimate. ERE
L. 50025 -
@ Calculate efficiency corrected g+ E
model prediction. (NB: R is not ni ]
g [ — inital spectrum: 0.507 [10° entries ]
sensitive to beam spectrum) g " ] ]
0_01; — selected spectrum: 0.136 [110° entries *:
0.005 ;7 —

!

0 0.2 0.4 0.6 0.8 1
ER/JE




Y e  Polarisation
7 Polarisation from p: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.

@ Calculate efficiency corrected
model prediction. (NB: R is not
sensitive to beam spectrum)

o
Q
N}
a

ratio / 0.01
o
8

0.015 F
0.01F

0.005 H

ol

— inital spectrum:

b)

1.014 (10° entries -

— selected spectrum: 0.305 [10° entries

0

0.2

0.4

0.6

0.8 1
ER/JE




Y e  Polarisation
7 Polarisation from p: background and signal fit

Method to extract the polarisation:

@ Fit background MC.

@ Subtract this background
estimate.

@ Calculate efficiency corrected g ]
model prediction. (NB: Ris not  °%f E
sensitive to beam spectrum) 002 - 5

o
o
a

T T
[ a —initalspectrum: 0507 (10° entries

ratio / 0.01
o
o
S

— selected spectrum: 0.170 [10° entries

0.01H

of H
0 0.2 0.4 0.6 0.8 1
ER/JE




Y e  Polarisation
7 Polarisation from p: background and signal fit

Method to extract the polarisation:

@ Fit background MC.
@ Subtract this background
estimate.

@ Calculate efficiency corrected
model prediction. (NB: R is not
sensitive to beam spectrum)

@ Fitfor P, for0.1 < R < 0.85

entries / 0.02
w
o
o

T T
« simul. data points

iﬂ}%\% — fitto data % H

rl




Y e  Polarisation
7 Polarisation from p: background and signal fit

Method to extract the polarisation:

@ Fit background MC.
@ Subtract this background

estimate.

@ Calculate efficiency corrected
model prediction. (NB: R is not
sensitive to beam spectrum)

@ Fitfor P, for0.1 < R < 0.85

P, =86.0+5%

entries / 0.02
w
o
o

T T
« simul. data points

iﬂ}%\% — fitto data % H

rl
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Correct for the spread in Epeam:



7 Polarisation from 7:; formulae and corrections

Correct for the spread in Epeam:
@ Plot spectrum (at generator
level), with and without
beam-strahlung and ISR

25

. > ‘
shows difference. 8 CINERE
o —aNs#0
§l.5
5
g 1
g
20.5
2
& o
[ 0 10 20 30



7 Polarisation from 7:; formulae and corrections

Correct for the spread in Epeam:
@ Plot spectrum (at generator
level), with and without
beam-strahlung and ISR
shows difference.

@ Parametrise actual spectrum
for P, = £1 (= F(E,£1))

25

)

=
3

relative frequency [%] / 0.5 GeV

0 10 20 30



7 Polarisation from 7:; formulae and corrections

Correct for the spread in Epeam:
@ Plot spectrum (at generator
level), with and without
beam-strahlung and ISR
shows difference.

@ Parametrise actual spectrum
for P, = £1 (= F(E,£1))

@ True spectrum will be
F(E,P;) =
P F(E,+1)+ 15=F(E, 1)

25

)

=
3

relative frequency [%] / 0.5 GeV

0 10 20 30



7 Polarisation from 7: Select the signal process

Extract the 7 — 7+~ v, signal.

@ The events should pass the anti-y+y cut.

(] Evis < 90 GeV.

@ No jet with E > 60 GeV

@ At least one jets should contain a single particle.

@ The single particle should have a 7-id (both calorimetric and
dE /dx).



7 Polarisation from 7: Select the signal process

Extract the 7 — 7"~ v, signal.
@ The events should pass the anti-y+y cut.
(] Evis < 90 GeV.
@ No jet with E > 60 GeV
@ At least one jets should contain a single particle.
@ The single particle should have a 7-id (both calorimetric and
dE /dx).

300 T

——
[ * reconst. Points
250 —

— fit to reconst. Points

—— signal

background

entries / 1 GeV




7 Polarisation from p: Select the signal process

Extract the 7 — p* v, signal.
@ The events should pass the anti-y~ cut.
(] Evis < 90 GeV.
@ No jet with E > 43 GeV
@ Tighter p cut:p > 3.58iN Oac0p + 2.
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Extract the 7 — p* v, signal.

@ The events should pass the anti-y~ cut.
(] Evis < 90 GeV.

@ No jet with E > 43 GeV

@ Tighter p cut:p > 3.58iN Oac0p + 2.

@ At least one jets should contain one charged particle, and at least
two neutrals.

@ The single particle should have a 7-id (dE/dx only).



7 Polarisation from p: Select the signal process

Extract the 7 — p* v, signal.

@ The events should pass the anti-y~ cut.
(] Evis < 90 GeV.

@ No jet with E > 43 GeV

@ Tighter p cut:p > 3.58iN Oac0p + 2.

@ At least one jets should contain one charged particle, and at least
two neutrals.

@ The single particle should have a 7-id (dE/dx only).
@ Mass of this jet close to M,:Mje; € [0.4,1.1]GeV /2.



7 Polarisation from p: Select the signal process

Extract the 7 — ,0+ vy 3|gnal

o The ., L L

e E L A | — Signal ]

° NZSJGZSOO__ b) }" <J| -7:—>a;v ]

® TighS 00 I | oKy ]
° Atle 2000 ¢ } } otners 1 | at least

two L_ - ]

h1500— | | -

@ The - I I .

© Mas" 1000 I I -

C I .

500 I 3

% 0.5 1 15 2

invariant mass [GeV]
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Background and efficiency from Full-sim SPS1a’ sample, kinematics
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Background and efficiency from Full-sim SPS1a’ sample, kinematics
from Whizard simulation of the model. J

@ The & signal was extracted
from the same sample as was
used for the SPS1a’ 7study,
using the same cuts except

o Demand exactly two well
identified electrons.

o Reverse the 7anti-SUSY
background cut

e Some cuts could be
loosened



Y The T Polarisation
Near Degenerate €

Background and efficiency from Full-sim SPS1a’ sample, kinematics
from Whizard simulation of the model.

Entries 774182

@ The € signal was extracted Mean 721
from the same sample as was " |
used for the SPS1a’ 7study, 4000
using the same cuts except

RMS 23.5
ALLCHAN 0.1833E+06

o Demand exactly two well 6000 |-
identified electrons.
o Reverse the 7anti-SUSY 4000 -

background cut
@ Some cuts could be

loosened o L=l : : _
0 20 40 60 80 100

@ Almost background-free ! E . [GeV]

2000 -




Y The T Polarisation
Near Degenerate €

Background and efficiency from Full-sim SPS1a’ sample, kinematics
from Whizard simulation of the model. J

For the signal:
@ Generate (with Whizard 1.95) the modified model.
@ Apply the kinematic cuts used for the full simulation analysis.

@ Scale down the over-all event-weight so that the efficiency agrees
with the full simulation.



_ A variation: Near Degenerate &
Near Degenerate € and polarisation

(Preliminary work by M.B., G. Moortgat-Pick)

SUSY associates scalars to chiral (anti)fermions

er< ér and e < &l . (1)
- - € - L
x
s
€ Vi ‘L
Vi b
@ \\
[_I ?’,Z N '-:;I__” . )
et ™ 'fl..h’
&:s with same chirality Chirality for * same as e™

What if Ms, =~ M;,, so that thresholds can’t separate ete™ —&L&L, Erér
and égé.?




_ A variation: Near Degenerate &
Near Degenerate € and polarisation

Model: SPS1a’ like, but:

M, = 200 GeVand M, = 195 GeV. Both decay 100 % to {9 e. )

Background and efficiency from Full-sim SPS1a’ sample, kinematics
from Whizard simulation of the model. J




_ A variation: Near Degenerate &
Near Degenerate € and polarisation

Model: SPS1a’ like, but:

M, = 200 GeVand Mz, = 195 GeV. Both decay 100 % to 9 e.

Background and efficiency from Full-sim SPS1a’ sample, kinematics
from Whizard simulation of the model.

Even with P,- > +90%: No separation of & &, and &7 &;: Ratio of
the cross sections ~ constant.

7xBR [fb] =0 7> BR [fb] B = +00%
14 300

0
e /5 = 500 GeV
120

Vs = 500 GeV

”'am‘
100

80
&0
40
20

" —
0




Near Degenerate € and polarisation

The handle:

Opposite polarisation beams produces €:s in both s- and t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation




_ A variation: Near Degenerate &
Near Degenerate € and polarisation

The handle:
Opposite polarisation beams produces €:s in both s- and t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

However, the effect is small since t-channel always dominates !
&:s are heavy (and are scalars) = t- and s- channel kinematic
distributions of the electrons are not very different.
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The handle:
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The handle: Opposite polarisation beams produces &:s in both s- and
t-channel.

Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation




_ A variation: Near Degenerate &
Near Degenerate € and polarisation
The handle: Opposite polarisation beams produces &:s in both s- and

t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fb~" for each of the polarisations
configurations.

Reconstruct ©; event-by-event assuming M; and MX? known.

@ P(e7)=+80 % and ..



_ A variation: Near Degenerate &
Near Degenerate € and polarisation
The handle: Opposite polarisation beams produces &:s in both s- and

t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fb~" for each of the polarisations
configurations.
Reconstruct ©; event-by-event assuming M; and MX? known.

o P(e_)= +80 % and .. .
° P(e+) = :|: 22 °/° — (+80,-22)

oo2 [ (80422)

0.015 |

0.01




_ A variation: Near Degenerate &
Near Degenerate € and polarisation
The handle: Opposite polarisation beams produces &:s in both s- and

t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fb~" for each of the polarisations
configurations.
Reconstruct ©; event-by-event assuming M; and MX? known.

@ P(e7)=+80 % and ..

S Pl -z o
® Pe")=+30%...




_ A variation: Near Degenerate &
Near Degenerate € and polarisation
The handle: Opposite polarisation beams produces &:s in both s- and

t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fb~" for each of the polarisations
configurations.
Reconstruct ©; event-by-event assuming M; and MX? known.

+80 % and ..
£22%... L e

e (+80,460)

@ P(e™)=
@ P(e™) =
@ Plet)=+30%...
o Plet)=+60%...

et




_ A variation: Near Degenerate &
Near Degenerate € and polarisation
The handle: Opposite polarisation beams produces &:s in both s- and

t-channel.
Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fb~" for each of the polarisations
configurations.
Reconstruct ©; event-by-event assuming M; and MX? known.

@ P(e7)=+80 % and ..

o P(e+) =4+ 229% ... - - Ei‘::)’)

° P(e+) B :l: 30 O/O 0015 |

o P(e+) - +60% .. |

o .. andfor P(e")= =80 %
Pet)=0 ‘.




_ A variation: Near Degenerate &
Near Degenerate € and polarisation

The handle: Opposite polarisation beams produces &:s in both s- and
t-channel.

Same polarisation produces é&:s in t-channel only =

Modification of © distribution with changed positron polarisation

Analyse assuming 100 fo~" for each of the polarisations
configurations.

|[P(e™)| | significance Title

(%) of shift (o) of paper

22 2.4 “Limiton ..”

30 3.5 “Evidence for ...

60 6.6 “Observation of ..
N R VIV ‘
@ ... and for P(e™)= + 80 %

Pet)=0 ‘
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