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Critical Questions

1. What are the benchmark physics measurement
errors* as a function of calorimeter parameters B, R,
N0, Niayer(ECAL),Radiator(HCAL),N y, Nj,ye(HCAL),
& HCAL pixel size?

2. What are the benchmark physics measurement
errors as a function of VXD and tracker material,
Niayer(tracker), K%, A° detection efficiency, and VXD
Inner radius?

3. What are the physics benchmark measurements?

4. s the Fast MC Simulation program sufficiently
detailed to reliably estimate physics measurement
errors?

* Error means statistical @ systematic (Ecm, pol, lumi, alignment, calibration)
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Physics Error vs Calorimeter Parameters

e Once reconstructed particle LCIO output Is being produced
by full simulation, physics analyses can be performed using
full Calorimeter Simulation & Reco.

* In the meanime physics error vs AE;* Is straightforward
with Fast MC .

* Try to parameterize detector response in terms of AE;, (+few
more variables?) by comparing full Calorimeter Simulation
& Reco results with those from Fast MC

* AE, > E.(reco) - > E. (true)

i=reconstructed particles i=e", 7", p 7, K%n

where sums are over objects in same thrust hemisphere for
ete” > UT +/s=500GeV no beamstr, bremsstr, or final state QED/QCD rad.



Physics Error vs VXD, Tracker Parameters

e Bruce Schumm has software to parameterize
tracker response, so fast MC simulation is
straightforward.

« Can also study physics errors as a function of

general curvature and multiple scattering
op b

parameters 3 -ae_

e Coordinate VXtD studies with VXD working group




Detector Subsystem Overview



» Classic application of b,c

Vertex Detector

tagging to Higgs
branching ratios.

But there’s more:

— vertex charge
o top, W helicity
e 40 asymmetries
— 1 tagging
 stau analyses
* Higgs tau BR
* b jets with several v’s

purity
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Tracker

Momentum resolution
set by recoil mass
analysis of ZH — 171" X

K?, A® reconstruction
and long-lived new
particles

Multiple scattering effects
Forward tracking

Measurement of Ecm,
differential luminosity
and polarization using
physics events
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Calorimeter

« Separate hadronically
decaying W’s from Z’s in
reactions where kinematic
fits won’t work:

e'e” > viW'W™ | wZZ
e'e > 1 > naWW

e'e > 100, = 2L
e Help solve combinatoric
problem in reactions with

4 or more jets
e'e” > ZH —» qqWW* — qgqqlv

= 120; AF_-}“ =.0.30 ."}.E_fet

100 -

V- [ o.E = 0.3/NE
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Far Forward Detector

o Electron veto down to 3.2
mrad in presence of very
large et~ pair background

o Useful in general to
suppress yy — ff
backround. Takes on

added importance given
that the SUSY parameter

space consistent with Dark .« 7 signal
Matter density includes A — ek
region with nearly 0¥ .

1 after 3.2 mrad e” veto

degenerate 7, 7

e Crossing angle
Implications.
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Far Forward Detector

~ 8 ~ 8
&E-‘_, 6 F é 6 E ecross = 20 mra.d
=, - =, = W
4 :_ 4 LY
2 F 2
0 0
2 F -2
-4 -4
6 F -6
s b [ s 1 g | 8
5 0 5
X (cm) X (cm)
@ 0.6 - T
SUBNES 3 E Optimal Ecm Lumi=500fb
=5 f Eff=0.1 Optimal Ecm
§°'4 3 : :
£ ot
02 [ = =
7S 3 : \
01 F - -
O : 1 I 1 I 1 : 1 I 1 : 1 1 1 I 1 1 1 1
400 450 500 550 500 1000 0.5 1
Ecm (GeV) Luminosity Efficiency

Rel. stau mass error increases from 0.14% to 0.22% with 20 mrad cross angle

11



Physics Benchmarks
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WWS Charge for the Benchmark Panel:

Detector concept studies for ILC are now moving from basic concepts to
optimization of detector parameters. The aim of the benchmark panel 1is
to aid this process by proposing a minimum set of physics modes
that cover capabilities of detector performance such as vertexing,
tracking, calorimetries, muon system, machine-detector interface,
and overall issues of particle flow and hermeticity,
such that concept studies can use these modes to evaluate and
optimize given detector designs. For such evaluations to be effective,
benchmark panel may suggest important backgrounds to be taken iInto
account and other assumptions used iIn evaluating the benchmark modes.

The panel is to submit to WNWS a document that contains the information
as stated above by the beginning of July so that there is reasonable
time before Snowmass workshop 2005. The document will be made available
to concept studies and wider linear collider communities by appropriate
means. The charge and membership of the panel will be reevaluated at
the Snowmass workshop based on wide inputs from the community.



Physics Benchmark Processes

Draft List of Top 8 Benchmark Processes :

Combined Perform 1.

Trk,Vix

Trk

Vix, Cal
Cal

Trk

Far forward

Cal

(R

Single et ,u.i., ot 70 K%, KE._ v, u, 8, ¢, by 0 < |cosf| < 1,0 < p< 500 GeV

!

ceteT — ff, f=e p, c bat /5=10 TeV;

eTe” — ZH, — X, Mg = 120 GeV at /s=0.35 TeV;

etem — ZH, H — bb, c&, 7+7=, WW*, Mg = 120 GeV at \/5=0.35 TeV;

5. etem — ZHH, My = 120 GeV at /s=0.5 TeV;

6. ete™ — érép at Point 1 at \/s=0.5 TeV;

7. eTe” — 7171, X7 X7 at Point 3 at \/s=0.5 TeV:;

8. eTe™ — xTx1 /X3 at Point 5 at /5=0.5/1.0 TeV:
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Draft Table of Benchmark Processes :

Physics Benchmark Processes

Process and Energy | Observables Target Detector | Notes

: Final states (TeV) Accuracy Challenge
Hﬁgr_qs’ e — Z[]Hﬂ — f+f__X 0.35 I\-’Im._-au. TZH . BRbb {50';.5” = 2.5'}‘6._ {SBRI,:; = 1'}6 T [J_]
ee — ZOHO . H° — bb/cé/TT 0.35 jet flavour | jet (E,p) dMp =40 MeV, §(ozn x BR)=1%/7%/5% | V 2]
eE — ZUHD.HD — 1‘?1‘1‘“ 0.35 P‘-Id I\"Ip,.' . qu'l‘lr" W -1'5(0'2”' oo BRH"H"‘ ):51/6 C [3]
ee — Z'HY/Hvir, H* — v 1.0 M., d(ozy = BR,,)=5% C 4]
ee — Z'HY Hwp H — prp— | 1.0 M,, 50 evidence for My = 120 GeV T 5]
ee — Z'HY H® — invisible 0.35 0 gqEmissing 5 Evidence for BR;,isin1.=2.5% C 6]
|| ee — H % 0.5 Thbns Mg 'fj(o-yyff x BRbb} = 1% C [7
|| ee — ttH® 1.0 Toer 801 =5% C 8]
| £eg — ZUHDHD, H[]HGI}I? 05,“.0‘ TwHH s TowHH » _'Fl-'j'”” {5!}”””=20le% C [':']
SSB ee — WHW- 0.5 Ak, A, =2-1071 vV [10]
ee — WHW v /ZYZ i 1.0 a Aoy, As = 3 TeV C [11]
SUSY £e — ERE_;.. (Point 1) 0.5 E. dMz0=50 MeV T [12]
ee — T1 T Y1 %1 (Point 1) 0.5 E., Es., Es. d(Mz, — Mz )=200 MeV T [13]
ee — rm (Pomt 1) L0 dM; =2 GeV [14]
-CDM ee — T, 7 . 11 X1 (Point 3) 0.5 dMz, =500 MeV, 8Mz0=>500 MeV, F [15]
ee — lglg X7 x; (Point 2) 0.5 M;; in jiIJ, My in jjeCE | doy,y, = 4%, 6(Mgp — Mo )=500 MeV C [16]
ee — x| X7 /X5%% (Point 5) 0.5/1.0 | ZZH, WWE d05g, Moo = C [17]
|| ee — HYA® — bbbb (Point 4) | 1.0 Mass constrained My, SM4=1 GeV C [18]
-alternative ee — 7, 7; (Point 6) 0.5 heavy stable particle aM;, T [19]
SUSY x] — v+ E (Point 7) 0.5 non-pointing -y der=10% C [20]
hreaking Y — X1+ o e (Point &) 0.5 soft m= above ~+ bkgd 50 Evidence for Am=200 MeV-2 GeV F [21]
Precision SM || ee — tt — 6 jets 1.0 5 Sensitivity for (g — 2),/2 < 1073 \Y [22]
|| ee = fFf(f=e.pu,T:b.e) 1.0 Ter Arp. ALp 5o Sensitivity to M(Zpp) = 15 TeV \Y [23]
New Physics || ee — G (ADD) 1.0 avy+E) C [24]
ee — KK — ff (RS) 1.0 T [25]
Energy/Lumi || ee — e€fa 0.3/1.0 dM},p=50 MeV T [26]
Meas. | ee — Z% 0.5/1.0 T [27]
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Examples of Parameteric
Physics Studies



Calorimeter s [ N i N
w () B & =
Signal significance at Js =500 GeV | . j
fore'e” - ZHH — qgbbbb s .
[ LEP resolution |
C. Castanier et al. hep-ex/0101028 5 | ]
03032 31 36 38 40
AENE
:%: 1.2+ AEer = o VEer ™
=
[
Error on BR(H >WW*) from £, 5L
[aa)
measurement of = -
e'e” —» ZH — qqWW* — qqqglv g 1.1
at s =360 GeV, L=500 fo* &
— 1.05—
J.-C. Brient, LC-PHSM-2004-001 s . . | .
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parameter o of the jet resolution



Calorimeter

e'e” > ZH — qgbb
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Calorimeter

e'e” > ZH
— qgbb

Js =350 GeV
L =500 fb™
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Calorimeter
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Tracker

. S o o
Simdet Fast MC with this parameterization of pt P _ L
resolution in place of Simdet’s emulation of LDC: P, p, sind

L R LR N L A R I L
o SID Detector Resolution
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Tracker
e'e” > ZH
— 1w X
Js =350 GeV
L =500 fb™
5% = a@—b_
p; p,siné
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Tracker
e'e” > ZH
— 1w X
Js =350 GeV
L =500 fb™
0 Fz)t —a® —b
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Tracker
e'e” » ZH
— 1w X
Js =350 GeV
L =500 fb

AM, (MeV)
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Tracker €€ — fpfly M, =224GeV s=500GeV L =500 fb*

5pt:a€r)L Fitfor M, only

2 -
p; p,siné

120 . 120 120 T
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60 | 60 | 60 | 60
40 [ 40 [ 40 | 40 F
20 20 | 20 | 20 [

o 5 25 0 20 25 O 5 10 15 20 25
120 120
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oL 2 | 20 20 |
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No dependence on a or b in the range
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Selectron study
By B. Schumm
etal.
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Tracker Reconstructed E__ using Zy events and
measured angles. Z — u" 1~

Js =350 GeV
L =100 fb™
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Tracker

The momentum resolution is set by Higgs recoil mass
measurementine’e - ZH — x4 u H

In the reaction e'e” —> Zy — 1" 1~y we know the mass
of the photon. Why not invert the problem and use
the excellent momentum resolution to solve

for \/s instead of the mass of the system opposite u u~ ?
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Tracker

AE

C

Reconstructed E_ & M, using Zy events and

measured momenta & angles. Z — "~

. = —206GeV

2500

2000

1500

1000

500

0

1800
1600
1400
1200
1000
800
600
400
200

480 485 490 495 500

E., (GeV)

505

M, (GeV)

32



Tracker

Reconstructed E_ & M, using Zy events and

measured momenta & angles. Z — " "

Trk mom scale factor = 0.996
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Tracker E_ =350 GeV Lumi = 100 fb™
E,, = Measured E_ assuming Z boson recoil against single photon

E = Measured E__ using full energye’e™ — u

Hip

measured var a b AE . (GeV) AE_ (GeV) AE_ (GeV) AEE—C”‘(ppm)
stat sys(E scale) total total

E,, ang only 0473 0 0473 135

E, [l&ang 2x10° 1x107 .0085 .0206 0223 64

E,, [p| &ang 2x10™ .5x107° .0054 0124 0135 39

E, [Pl & ang 34x10”° 4x10° 0375 0313 .0488 139

E, [fl&ang 2x10° 1x10°  .0056 0124 0136 39
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Tracker

Ecm Resolution
INnMeVVvs aorb

ee > uu
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p; p,sIné
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Tracker

Ecm Resolution
INnMeVVvs aorb
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Tracker

. S o o
Simdet Fast MC with this parameterization of pt P _ L
resolution in place of Simdet’s emulation of LDC: P, p, sind
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Preparations for Snowmass05



Simulation Tools

In Hand ?

TOOL

MC Programs for Generating Physics Events v

MC Data Sets of all SM processes at Ecm=350, 500, |\

1000 GeV

Fast Detector MC with Reco Par%icle LCIO output | 590
LDC -7

E, B, impact params, charge, id(e”, ", 7", 7,K_) & errors GLD -?

Full Detector MC with Reco Particle LCIO output |15

LDC -7

GLD -?
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WHIZARD 1.22

WHIZARD 1.40

I WHIZARD 1.22 (Apr 15 2002)
Process elelelel o:

e a-e -> e a-

32 16 -> 1

e e a-e
2 4 8

WHIZARD run for process elelelel o:

.04E+01
.01E+02
.24E+02
.16E+01
.17E+02
.06E+01
.52E+01
.94E+01
.84E+01
.22E+01

B

500000
500000
500000
500000

500000
500000
500000
500000
500000

2 2
3 4
4 7
5 8
6 500000 1.
7 1
8 1
9 1
0 1
1 1

-2299539E+02
-6080721E+02
.6778534E+02
-3941176E+02
3142991E+03
-2609332E+03
-5050032E+03
-5374301E+03
-5124354E+03
-4822676E+03

I WHIZARD version 1.40 (Dec 13 2004)
Process elelelel o:

e a-e ->
32 16 ->

e
1

a-e e a-e
2 4 8

WHIZARD run for process elelelel o:

( checksum

( checksum

1242613758 )

-1667481189 )

2 500000
3 500000
4 500000
5 500000
6 500000
7 500000
8 500000
9 500000
0 500000
1 500000

el

-5452762E+03
-3904756E+03
-4232142E+03
-4334083E+03
-4317636E+03
-4352828E+03
-4235469E+03
-4336666E+03
-4255404E+03
-4335511E+03

1.04E+02
1.87E+01
1.00E+01
7.67E+00
6.51E+00
5.90E+00
5.45E+00
5_31E+00
5.19E+00
5.06E+00



WHIZARD 1.22

WHIZARD 1.40

I WHIZARD 1.22 (Apr 15 2002)
Process nlnlbbbb_o:

1913330182 )

-776462372 )

e a-e -> nu_e a-nu_e b a-b b a-b
128 64 -> 1 2 4 8 16 32
WHIZARD run for process nlnlbbbb_o: ( checksum =
It Calls Integral[fb] Error[fb] Err[%] Acc EFff[%]
1 500000 9.9525841E-02 1.47E-02 14.74 104.21* 0.07
2 500000 1.1790355E-01 1.91E-02 16.21 114.66 0.07
3 500000 1.1981381E-01 9.45E-03 7.88 55.75* 0.09
4 500000 1.1892070E-01 9.44E-03 7.94 56.11 0.08
5 500000 1.2895849E-01 1.46E-02 11.30 79.94 0.07
6 500000 1.1278116E-01 1.14E-02 10.13 71.60 0.07
7 500000 1.1451386E-01 1.61E-02 14.02 99.13 0.07
8 500000 1.8497768E-01 8.24E-02 44.53 314.85 0.06
9 500000 1.0721344E-01 4.79E-03 4.47 31.58* 0.10
10 500000 1.1029989E-01 6.48E-03 5.87 41.54 0.09
11 500000 1.0433372E-01 7.03E-03 6.73 47.61 0.10
I WHIZARD version 1.40 (Dec 13 2004)
! Process nlnlbbbb_o:
1 e a-e -> nu_e a-nu_e b a-b b a-b
I 128 64 -> 1 2 4 8 16 32
1
I WHIZARD run for process nlnlbbbb_o: ( checksum =
o
1t Calls Integral[fb] Error[fb] Err[%] Acc EFF[%]
n—- -
1 500000 2.0414467E-01 2.24E-02 10.97 77.60* 0.16
S
2 500000 2.0309818E-01 1.88E-02 9.25 65.39* 0.16
3 500000 2.1863568E-01 4.42E-03 2.02 14.28* 0.27
4 500000 2.2580305E-01 1.82E-03 0.81 5.70* 0.58
5 500000 2.2539553E-01 1.12E-03 0.50 3.51* 1.29
6 500000 2.2405926E-01 1.01E-03 0.45 3.20* 1.66
7 500000 2.2430761E-01 8.01E-04 0.36 2.53* 2.17
8 500000 2.2538153E-01 7.22E-04 0.32 2.27* 2.47
9 500000 2.2323456E-01 6.66E-04 0.30 2.11* 3.10
10 500000 2.2461020E-01 6.63E-04 0.30 2.09* 2.92
11 500000 2.2458947E-01 6.74E-04 0.30 2.12 2.76



I WHIZARD 1.22 (Apr 15 2002)
! Process e2e2 o:
! e a-e -> mu a-mu
1 8 4 —> 1 2
!
!

WHIZARD run for process e2e2 o: ( checksum = -2128304076 )
gy
11t Calls Integral[fb] Error[fb] Err[%] Acc EFff[%] Chi2 N[I1t]
|~

WH IZARD 1 22 1 500000 2.9048669E+03 5.90E+02 20.31 143.60* 0.00 0.00 1
. r- -, - - - -  + -4 4 44444 - - - k- ——_——_—_—_———_———_—_—_————
2 500000 2.1433950E+03 1.49E+02 6.94 49.10* 0.01
3 500000 2.9071774E+03 1.85E+02 6.38 45.09* 0.01
4 500000 3.0254671E+03 1.32E+02 4.35 30.76* 0.01
5 500000 2.8676272E+03 3.49E+01 1.22 8.61* 0.06
6 500000 2.9832175E+03 3.04E+01 1.02 7.21* 0.06
7 500000 3.0016783E+03 5.12E+01 1.70 12.05 0.02
8 500000 2.9253294E+03 1.37E+01 0.47 3.31* 0.20
9 500000 2.9630612E+03 8.55E+00 0.29 2.04* 0.48
10 500000 2.9551888E+03 6.49E+00 0.22 1.55* 0.72
11 500000 2.9652074E+03 5.82E+00 0.20 1.39* 0.59

I WHIZARD version 1.40 (Dec 13 2004)
! Process e2e2 o:
! e a-e -> mu a-mu
1 8 4 -> 1 2
!
!

WHIZARD run for process e2e2_o: ( checksum = 397488211 )
b e

WHIZARD 1 40 it Calls Integral[fb] Error[fb] Err[%] Acc EFF[%] Chi2 N[It]
. '

1 500000 2.8132760E+03 1.05E+02  3.73 26.38* 0.01  0.00 1
W o
2 500000 2.8991930E+03 1.22E+02  4.19 29.64 0.01
3 500000 2.9742948E+03 1.36E+02  4.58 32.40 0.01
Large error, poor eff because 4 500000 2.9718678E+03 1.36E+02  4.57 32.30 0.01
- - 5 500000 2.8985965E+03 1.21E+02  4.18 29.56 0.01
Va“?bles s_elected_fr_om file 6 500000 2.6741247E+03 7.57E+01  2.83  20.01* 0.02
(Guinea-Pig Lumi file) are left 7 500000 2.7794167E+03 7.51E+01  2.70  19.10* 0.02
. - 8 500000 3.0305727E+03 1.22E+02  4.02 28.39 0.01
out of grid adaptation 9 500000 2.8306385E+03 9.45E+01  3.34 23.62 0.02
10 500000 2.8732877E+03 7.97E+01  2.78 19.62 0.02
11 500000 2.7435852E+03 7.34E+01  2.67 18.91* 0.02



Approximate projections of Guinea-Pig (E._E,,) Lumi
distributions using Vegas-like piecewise constant functions.
Save 2-dim grid density so that (E,_,E.,) correlations are included.

Coarse Grid Granularity Fine Grid Granularity
Low Guinea-Pig Statistics High Guinea-Pig Statistics

Guinea-Pig

Vegas-like function

246 248 250 254 256 246 248 250 252 254 256
! - i i ol ' | | 1 1 1 | - k k I e | | | | |
246 248 250 252 254 256 246 248 250 252 254 256




I WHIZARD version 1.40 (Dec 13 2004)
I Process e2e2_o:
1 e a-e -> mu a-mu
! 8 4 -> 1 2
!
!

WHIZARD 1.40

Dlrectly read WHIZARD run for process e2e2_o: ( checksum = 397488211 )
N
GUlnea'Plg flIeS 11t Calls Integral[fb] Error[fb] Err[%] Acc EFf[%] Chi2 N[I1t]
n— - -
1 500000 2.8132760E+03 1.05E+02 3.73 26.38* 0.01 0.00 1
g
2 500000 2.8991930E+03 1.22E+02 4.19 29.64 0.01
3 500000 2.9742948E+03 1.36E+02 4.58 32.40 0.01
4 500000 2.9718678E+03 1.36E+02 4.57 32.30 0.01
5 500000 2.8985965E+03 1.21E+02 4.18 29.56 0.01
6 500000 2.6741247E+03 7.57E+01 2.83 20.01* 0.02
7 500000 2.7794167E+03 7.51E+01 2.70 19.10* 0.02
8 500000 3.0305727E+03 1.22E+02 4.02 28.39 0.01
9 500000 2.8306385E+03 9.45E+01 3.34 23.62 0.02
10 500000 2.8732877E+03 7.97E+01 2.78 19.62 0.02
11 500000 2.7435852E+03 7.34E+01 2.67 18.91* 0.02

WHIZARD version 1.40 (Dec 13 2004)
Process e2e2_o:
e a-e -> mu a-mu
8 4 -> 1 2

WHIZARD run for process e2e2_o: ( checksum = 292249209 )
e
it Calls Integral[fb] Error[fb] Err[%] Acc EFF[%] Chi2 N[It]
! _____________________________________________________________________________

1 500000 2.8903098E+03 1.86E+02  6.42 45.39* 0.01  0.00 1

N o

2 500000 2.9324999E+03 2.25E+02  7.66 54.15 0.01
3 500000 2.9051553E+03 2.06E+02  7.10 50.21 0.00
WH |Z ARD 1 40 4 500000 3.2022710E+03 2.71E+02  8.46 59.85 0.01
. 5 500000 2.9956173E+03 1.08E+02  3.60 25.48* 0.01
. 6 500000 2.9905499E+03 4.92E+01  1.65 11.64* 0.03
param eteri Zed 7 500000 2.9757928E+03 2.86E+01  0.96  6.80* 0.07
8 500000 2.9991234E+03 1.79E+01  0.60  4.21* 0.12
G . P fl 9 500000 2.9903310E+03 1.08E+01  0.36  2.56* 0.32
uinea- |g 11eS 10 500000 2.9946665E+03 8.65E+00  0.29  2.04* 0.37
11 500000 3.0063946E+03 7.61E+00  0.25  1.79* 0.64



Products Delivered by the Beginning
of Snowmass

1 abt MC Data Sets of all SM processes at Ecm=350, 500, 1000 GeV assuming
nominal ILC machine parameters (probably only get 500 GeV before Snowmass)

Fast SID Detector MC with reco particle LCIO output (should have one with
Simdet-level functionality in 2 weeks)

Physics analysis software which uses reco particle LCIO as input and which
produces as output the measurement error (stat+sys) for the following physics
benchmark processes:

— Higgs Mass and Cross section for ete- 2> ZH, vvH (yes)

— Higgs BR to bb, WW* (yes)

— Higgs self-coupling (Maybe)

— Selectron, neutralino mass from selectron pair production (yes)

— Gaugino cross sec & masses from focus point gaugino production (Cornell group)
— Ecm, lumi spectrum from Bhabhas & mu-pairs (Ecm — yes)

Software to parameterize calorimeter detector response in terms of AE,, ....
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Top 8 Benchmark Processes

Studied by Sid Working Groups at Snowmass05?

Yes

Yes forBhabha, mu

Yes

Yes
Maybe

Yes

Yes

No — Study
Point 2 Instead

(R

o

_-J

. Single et ,u.i., ot 70 K%, KE._ v, u, 8, ¢, by 0 < |cosf| < 1,0 < p< 500 GeV

!

eTe” — ff, f=e p,c bat /s=1.0 TeV;
ete — ZH.. — (_:(_;){1 Jner — 120 eV at \,”EZU*BB TeV-

etem — ZH, H —bb, ce, 77—, WW*, Mg = 120 GeV at /5=0.35 TeV;

.etem - ZHH, Mg = 120 GeV at /s=0.5 TeV;

ete~ — épép at Point 1 at /s=0.5 TeV;

—|_':_

€ —

~I

e 171, \]L\I_ at Point 3 at /s=0.5 TeV;

ceTem — Xy /x0xY at Point 5 at /5=0.5/1.0 TeV:
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