Summary of ILD performance at SPS1a’ J

Mikael Berggren'
"DESY, Hamburg

Contribution to LCWS, Chicago, November 2008

Mikael Berggren (DESY) Summary of ILD performance at SPS1a’ LCWS 2008 1/16



-
Outline
o Introduction
@ Detector and Simulation
© spsia
e i channels
@ jipfur,

° X%

e 7 channel

e Conclusions

Mikael Berggren (DESY) Summary of ILD performance at SPS1a’ LCWS 2008 2/16



Scope and people

What can be done if SUSY exists, and is "next to LEP", and we use a
real detector ?

@ Look at SPS1a’
@ Run full simulation
@ Study a ILD type detector
People involved
@ Nicola d’Ascenzo
@ Peter Schade
@ Olga Stempel
@ Supervisors: J. List, P. Bechtle, M.B.
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The detector

ILD: Merge the (mostly European) LDC and the (mostly Asiatic) GLD !
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The detector

ILD: Merge the (mostly European) LDC and the (mostly Asiatic) GLD !
First meeting in January in Zeuthen.
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The detector

ILD: Merge the (mostly European) LDC and the (mostly Asiatic) GLD !
First meeting in January in Zeuthen.

Final merging decided in September in Cambridge.
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The detector

ILD: Merge the (mostly European) LDC and the (mostly Asiatic) GLD !
First meeting in January in Zeuthen.
Final merging decided in September in Cambridge.

Similar to the GLD’ and the LDC’ : Size and B-field intermediate to the
original concepts, with LDC’s calorimeters and GLD’s vertex-detector. J

Analyses presented here are based on full simulation of LDC’.
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SPS1a’

Pure mSUGRA model:

My ;o = 250GeV, My = 70GeV, Ag = —300GeV, tan 3 = 10, sign(u) =
+1

Just outside what is excluded by LEP and low-energy observations.
Compatible with WMAP, with i? Dark Matter.

@ All sleptons available.
@ No squarks.
@ Lighter bosinos, up to ¥3 (in eTe™ —{2%3)

Mikael Berggren (DESY) Summary of ILD performance at SPS1a’ LCWS 2008

5/16



SPS1a’

Pure mSUGRA model:

My ;o = 250GeV, My = 70GeV, Ag = —300GeV, tan 3 = 10, sign(u) =
+1

Just outside what is excluded by LEP and low-energy observations.
Compatible with WMAP, with i? Dark Matter.

@ All sleptons available.
@ No squarks.
@ Lighter bosinos, up to ¥3 (in eTe™ —{2%3)

Reported here: Final analysis of 1 channels ( Nicola d’Ascenzo)
Status report on 74 channel (Peter Schade and Olga Stempel).
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i channels

Looking at the "right polarisation” (e~ left, e™ right).
® jirjiL — pupuX9KY
© (9%3 — nir%y — 1pRIRS
@ /i fip - Large cross-section. Find My and MX?
@ {9%3 : Small cross-section X BR. Find M.
Backgrounds
@ Each process is background to the other
@ Other SUSY giving two p:s. Mainly figfir. Also 77 with 7 — v, v,
@ SM, mainly WW and ZZ.
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Kinematic variables
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Kinematic variables

@ Momentum of u:s
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
@ Acoplanarity angle.
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
@ Acoplanarity angle.
@ Missing Pr.
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
@ Acoplanarity angle.

@ Missing Pr.
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Kinematic variables

@ Momentum of u:s

@ Acolinearity angle.

@ Acoplanarity angle.

@ Missing Pr.
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
@ Acoplanarity angle.
@ Missing Pr.
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Kinematic variables

@ Momentum of u:s
@ Acolinearity angle.
@ Acoplanarity angle.
@ Missing Pr.
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Selections
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i i
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Selections
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Selections
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fin i,
Selections

® Epmiss € [200,430]GeV

o M, ¢ [80,100]GeV and
< 30GeV/c?

Masses from edges. Beam-energy
spread dominates error.

Mikael Berggren (DESY)
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fifi
Selections

@ E.iss € [200,430]GeV

e M, ¢[80,100]GeV and

< 30GeV/c?

Masses from edges. Beam-energy
spread dominates error.
Cross-section from extended
likelihood (L(p7,,, 8 acor))
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w channels

XXz

Selections

° emissing p € [0-277,
@ [ of u system > 0.6.
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Status report on 7:s

Issues and features:

In SPS1a’, the 7 is the NLSP.
M:, = 107.9GeV/c?, Mgo = 97.7GeV/c?, so A(M) = 10.2GeV/c2.

Pz .. =22GeV/c, Pz = 42.8GeV/c: v+ background, but is

T,min
not included yet.

Plays an important role for DM: M;, important.

The 7 mass-eigenstates are expected to be different from the
chiral ones. Off-diagonal terms of mass-matrix:

—M, (A= — ptan 3).

Relates to the 7 mixing: With M;, and Mj,, a measurement of 0,
gives Az — ptan j.

Cross-section and 7 polarisation depends (differently) on 6.

If )Z? is purely bino - it is in SPS1a’ - P.. depends only on 6 y.

,max
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Extracting the 7 properties

@ The mass from end-point and
turn-over of spectrum = P=

)

T,min E 3507
and Pﬁmax . S
@ P from spectrum for exclusive  *
decay-mode(s). Here: é
T — 7T+_I/T w

@ Extract the signal.

0
0 50 100 150 200 250 300 350 400 450 50C
Energy of Jet [GeV]
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Extracting the 7 properties

@ The mass from end-point and
turn-over of spectrum = P=

T,min
and Pﬁmax

@ P from spectrum for exclusive

decay-mode(s). Here:
+_VT 6000
@ Extract the signal. 000]
@ Ejr <50GeV. 97 %. 20001

P, B L RS L s LR
0 10 15 20 25 30 35 40 45 50
Eneray (Eneray < 50 GeV)[GeV]

12000

10000

8000

Events / 0.50 GeV

T — T
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Extracting the 7 properties

@ The mass from end-point and

turn-over of spectrum = Pz . %
and Pﬁmax

@ P from spectrum for exclusive
decay-mode(s). Here:
T — 7T+_I/T

@ Extract the signal.

[ Eje[ < 50GeV. 97 %. 1000 )
o Mgt < 2GeV/c?. 84 %. o R

Events / 0.50 GeV

5 10 15 20 25 30 35 40 45 50
Eneray (Mass < 2 GeV )[GeV]
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Extracting the 7 properties

@ The mass from end-point and
turn-over of spectrum = P=

T,min
and Pﬁmax

@ P from spectrum for exclusive

decay-mode(s). Here:
+

Events / 0.50 GeV

T — 7T Vs

@ Extract the signal.
] Eje[ < 50GeV. 97 %. 5004
° ,w/'ef < 2G€V/C2. 84 o/o' 0_ 5 10 15 20 35 40 45 0

° gjet above 20 degrees. 80 %. Eneray (20 < Theta < 160)[GeV]
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Extracting the 7 properties

@ The mass from end-point and

turn-over of spectrum = Pz ..~ 3 =]
and 'D7': max 2

@ P from spectrum for exclusive £
decay-mode(s). Here: o
T — 7T+_I/T

@ Extract the signal.

4] Ejet < 50GeV. 97 %.
o Mt < 2GeV/c?. 84 %.

0 15 20 25 30 35 . ..
4] gjet above 20 degrees. 80 %. Eneray (AcoplanarityAngle < 160)[GeV1
@ Acoplanarity < 160 degrees.
53 %.
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Extracting the 7 properties

@ The mass from end-point and

turn-over of spectrum = Pz ., 3 ]
and 'D7': max 2

@ P from spectrum for exclusive ¢
decay-mode(s). Here: o
T — 7T+_I/T

@ Extract the signal.
Ejet < 50GeV. 97 %.

,\”jet < 2Gev/02' 84 o/o' 0 15 20 25 30 35 '7. 5 .”
gjet above 20 degrees. 80 %. Energy (TransMomentum < 30)[GeV]
Acoplanarity < 160 degrees.

53 %.

Pr < 30GeV/c. 53 %.
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Extracting the 7 properties

@ The mass from end-point and

turn-over of spectrum = Pz .. %
and 'D7': max B

@ P from spectrum for exclusive £
decay-mode(s). Here: @
T — 7T+_I/T

@ Extract the signal.
4] Ejet < 50GeV. 97 %.

° ,wjet < 2G€V/C2. 84 °/°' 0 5 10 15 20 25 30 II.' .:
4] gjet above 20 degrees. 80 %. Eneray (ICosMissingMomentum| < 0.98)[GeV1
@ Acoplanarity < 160 degrees.

53 %.

o Pr < 30GeV/c. 53 %.
@ COS ep(miss) < 0.98. 52 %.
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Extracting the 7 properties

@ The mass from end-point and

turn-over of spectrum = P%,m/n 1600
and P%,max

@ P from spectrum for exclusive
decay-mode(s). Here:
T — 7T+

@ Extract the signal.

4] Ejet < 50GeV. 97 %.
g ,VIIET < ZGGV/CZ' 84 %. 0 5 10 15 20 25 30 3 40 45 50
Py gjet above 20 degrees. 80 %. Energy (trans. Momentum projection < 7 GeV)[GeV]
@ Acoplanarity < 160 degrees.
53 %.
Pr < 30GeV/c. 53 %.
COoSs ep(miss) < 0.98. 52 %.
@ Pr wrt. Thrust axis in R¢

projection. 52 %.
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7 channel

7 Polarisation

Spectrum of risin T — 7T v,

lﬁ (1 P )Iog :,:j: + 2PTy7T( 7'm/n B P’FTmax
O’dyﬂ— (1 - )Iog Tmax +2P (1 P!W )

T ,max

Note the importance of the region with Yz < Pz .|

3

2500 [, —
0L ™o Entries 80001 —
£ Ny e 008664
£ RS 03523
L X2/ ndf 5342/53 E
1500) q 50 295 3
b \ omeson] ]
1000% b"\ 1
0
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E,/ 250 [GeV]
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7 Polarisation : Correct expected spectrum

Correct for the spread in Epeam:
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7 Polarisation : Correct expected spectrum

Correct for the spread in Epeam:

@ Plot spectrum (at generator
level), with and without

beam-strahlung.

0,035

R NE
e

I | | | | I
002 004 006 008 01 012 014 016
2°E[GeV]/500
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7 Polarisation : Correct expected spectrum

Correct for the spread in Epeam:

@ Plot spectrum (at generator
level), with and without

beam-strahlung.

@ Do this for P, = +1 or -1.

0,035

R NE
e

I | | | | !
002 004 006 008 01 012 014 016
2°E[GeV]/500
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7 Polarisation : Correct expected spectrum

Correct for the spread in Epeam:

@ Plot spectrum (at generator
level), with and without R
beam-strahlung. ,

@ Do this for P, = +1 or -1.

o9

@ Estimate correction function.

08 T 100w, Polarisation

100% Polarisation
Fol2 fit fo P=-1
o7 Pol2 fit to P=+1
1

08
o 0.02 0.04 0.08 0.08 01 012
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7 Polarisation : Correct expected spectrum

Correct for the spread in Epeam:

1.2

@ Plot spectrum (at generator
level), with and without R
beam-strahlung. ,

@ Do this for P, = +1 or -1.

09
@ Estimate correction function.
. . . 08 ~100% Polarisation
@ Fit - find P, - re-iterate. R s ey
o7 Pol2 fit to P=+1
1
0B
o 0.02 0.04 0.08 0.08 01 01z 014
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7 Polarisation: Extract signal

Extract the 7 — 7~ v, signal. Take
care to not distort the spectrum.

[__Energy spectrum of Signal candidates, no cut_|

0000E T T T 3
;I [ B E
5000 — Signal type backg. {
,Ll ERY B
20000 B other susy 3
15000 =
10000/ L =
= _‘—‘-L_:—Lu_‘_n ]

5000

E e I

5 0 15 20 25 30 0

35 4
Esignai candicates [G€V]
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7 Polarisation: Extract signal

Extract the 7 — 7~ v, signal. Take

care to not distort the spectrum.
@ Visible Energy < 60GeV

Visible Energy in the Event

f“*\.
b

I signainis

—— Signal type backg

=sm
B other susy

10°

AT

10

10

0 50 100 150 200 250
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7 Polarisation: Extract signal

Extract the 7 — 7~ v, signal. Take

care to not distort the spectrum.
@ Visible Energy < 60GeV

@ |cosd)| of both jets < 0.9.

cos O of the Jet

10°

M signai s

— Signal type backg.

v

10 ;H.L,u B other susy

1 08 -06 -04 -02 -0 02 04 06 08 1
C0sO,,
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7 Polarisation: Extract signal

Extract the 7 — 7~ v, signal. Take

care to not distort the spectrum.
@ Visible Energy < 60GeV

@ |cosd)| of both jets < 0.9.

@ COSOjgr_jer < 0.2
I i S S
™ M signainis
[ — Signal type backg.
108 o _EY
B other sUsY

1 -08 06 -04 02 -0 02 04 06 08 1
COS Upereen sets
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7 Polarisation: Extract signal

Extract the 7 — 7~ v, signal. Take

care to not distort the spectrum.
@ Visible Energy < 60GeV

@ |cosd)| of both jets < 0.9.

@ COSOjgr_jer < 0.2
= 1 ! ! |
@ Final spectrum. e s |
r — signal type backg. | -
500~ B sv —
C B other sUsY 3
400~ =
SOOf f
ZUOf f
100f f
of 5 10 15 20 25 30 40
E [GeV]
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7 channel

7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

Energy spectrum

Ml signal s

600

— Signal type backg.

500 ;
400 ;
300 f
200 f

100

% 5 10
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7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.

Energy spectrum

£ e
s0of | Wl soains

— Signal type backg.

500 B=sv
C B other SUSY

400

3001

200F

100

% S 6 15 20 2 35
€ [GeV]
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7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.
@ Invert cuts, and scale the fitted

baCkgI'Ou nd. Energy spectrum
= 18000 T T T |
D N T TP T
) H I signainis =
= i — Signal type backg. i
?g n Esu E
S H B other susy -
o |
[5) ]

40 45 50
E candidat [GeV]
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7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.
@ Invert cuts, and scale the fitted

background.
@ Check if shape is OK.

-
o
S
S
S

T T T
I signainis

—— Signal type backg.
= s

B other susy

Counts/ 1[GeV!

40 45 50
E candidat [GeV]
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7 channel

7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.
@ Invert cuts, and scale the fitted

A

background.
. . — 18000 T T T

S Com I SR S .
@ Check if shape is OK. e R ;
o If yes, fit background to 3 saomn i
inverted cuts, scale down to § 12000 ot E
agree in non-signal region. 10000H ]
8000 J
6000% i
4000% ﬂ“nﬁ"ﬂﬁ .

=¥
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Summary of ILD performance at SPS1a’

L |
40 45 50
E candidat [GeV]

5 10 15 20 25 30 35

LCWS 2008 15/16



7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.

@ Invert cuts, and scale the fitted
background.

@ Check if shape is OK.

@ If yes, fit background to
inverted cuts, scale down to
agree in non-signal region.

@ Subtract this background
estimate.
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7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.

@ Invert cuts, and scale the fitted
background.

@ Check if shape is OK.

@ If yes, fit background to
inverted cuts, scale down to
agree in non-signal region.

@ Subtract this background
estimate.

@ Apply efficiency correction.
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7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.

@ Invert cuts, and scale the fitted o % S s Rt MR B
background. ronf oy Eggsb'}”k”g E

® Check if shape is OK. T D R T

@ If yes, fit background to :: i .
inverted cuts, scale down to ok i%
agree in non-signal region.

@ Subtract this background
estimate.

@ Apply efficiency correction.
o Fit.
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7 channel

7 Polarisation : background and signal fit

(Present) method to extract the polarisation:

@ Fit background.

@ Invert cuts, and scale the fitted
background.

@ Check if shape is OK.

@ If yes, fit background to

inverted cuts, scale down to
agree in non-signal region.

@ Subtract this background
estimate.
@ Apply efficiency correction.
o Fit.
P =(93+9) % ]

Mikael Berggren (DESY)

Energy Spectrum
P S e e L e e o O N
1400| S R S
F % B Signal s B
r —— Signal type backg. |
12001~ == SM_back
[ M% B SUSY_back
1000~ TN —— MC-truth spectrum | "]
r — Fitto 'data’
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Summary and outlook

Full simulation of some channels in SPS1a’ in the LDC’ detector was
presented

Outlook:
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@ A finalised analysis of u-channels.
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Summary and outlook

Full simulation of some channels in SPS1a’ in the LDC’ detector was

presented
@ A finalised analysis of u-channels.
@ For ete™ —fig fir, we find: A(M>29) = 920MeV /c?
A(Mg,) = 100MeV/c?
A(U( ete” —>ﬂLﬂL)) =1.35fb.

Outlook:
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Summary and outlook

Full simulation of some channels in SPS1a’ in the LDC’ detector was
presented
@ A finalised analysis of u-channels.
@ For ete™ —fig fir, we find: A(M>29) = 920MeV /c?
A(Mg,) = 100MeV/c?
A(U( ete” —>ﬂLﬂL)) =1.35fb.
@ For {9%3 — pjir¥9 — ppil%9, we find A(Mgg) = 1.38GeV/c?,
comparable to what the threshold scan would give.
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Summary and outlook

Full simulation of some channels in SPS1a’ in the LDC’ detector was
presented
@ A finalised analysis of u-channels.
@ For ete™ —fig fir, we find: A(M>29) = 920MeV /c?
A(Mg,) = 100MeV/c?
A(U( ete” —>ﬂLﬂL)) =1.35fb.
@ For {9%3 — pjir¥9 — ppil%9, we find A(Mgg) = 1.38GeV/c?,
comparable to what the threshold scan would give.
@ A progress report on 7 production was given. .
@ A very preliminary result: A(P;) =9 %.
Outlook:
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Summary and outlook

Full simulation of some channels in SPS1a’ in the LDC’ detector was
presented
@ A finalised analysis of u-channels.
@ For ete™ —fig fir, we find: A(M>29) = 920MeV /c?
A(Mg,) = 100MeV/c?
A(U( ete” —>ﬂLﬂL)) =1.35 fb.
@ For {373 — uiirX§ — pux§x9, we find A(Mgg) = 1.38GeV/c?,
comparable to what the threshold scan would give.
@ A progress report on 7 production was given. .
@ A very preliminary result: A(P;) =9 %.
Outlook:
@ Complete 7 analysis, include v+ background, and use ILD.
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