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2a unified theory to explain

=the fundamental constituents of matter
quarks & leptons

=their interactions
gravity
electromagnetism
weak interaction
strong interaction
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< the standard model
Sexperimental confirmation
S precision measurements
Sdoes it fit?

< future prospects

>are we done?

< summary
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internal symmetries

<all particles have three internal symmetries

=U(1) invariance

weak hypercharge Y=2(Q-T)

—>gauge boson B# - coupling = g,
= SU(2) invariance

weak isospin T

—>gauge bosons W+ W’ - - coupling = g,
=SU(3) invariance

color

—>gauge bosons G, ; (gluons) - coupling = g;
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2global gauge transformations
=observables can only depend on |¥|?
=theory is invariant under ¥ > ¥’=e¢*¥ > U(1)
= ¥ and ¥ satisfy the Schrb'dinger equation

2m Ot

2 local gauge transformations
=to get invariance under P(x,7) 2> Y (x,f) = eV W(x,1)

replace vy v jed %—)%—ieV

Selectromagnetic interaction
=spin 1 particle > photon (gauge boson)
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< neutrinos have no electromagnetic interactions
=U(1) cannot be the electromagnetic U(1)
=define electromagnetic field 4, ocg, B, + g, W,
=the orthogonal combination is 2%, oc-g; B, + g, W’
=or with g, ocsind, and g, occos,

A, _[ cos 0, sind, \ By
Z 2 —sinf,, cosd,, W;l)
Nadra =g, = gjcosd,, = g,smmb,,

< there must be a neutral current interaction
mediated by the Z° boson

4/24/2002 Ulrich Heintz - NEPPSR 2002 6



Sexplicit mass terms break SU(2) symmetry

> Higgs mechanism
=add complex scalar field

)= ¢ :L(¢1+i¢2j
p° ) N2 \43 +idy
55U(2) doublet, SU(3) singlet
< 3 components absorbed by W+ and Z°

=21 physical particle > Higgs boson H?
2 couplings to fermions > fermion masses
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snontaneous symmetry breaking

2 Higgs potential
=ground state
~degenerate at finite ¢

¢1,2,4

=carries SU(2) and U(1) quantum numbers
=SU(2) and U(1) symmetries spontaneously broken
=invariant under U(1)gy = photon massless

4/24/2002 Ulrich Heintz - NEPPSR 2002 8



Glashow-Weinherg-Salam model
<three massive bosons: W+, Z°% W-

Sunifies weak and electromagnetic forces
g,sinf =g, sinf cosd, =g =~dra M, =M,cos’ 0,
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parity violation in weak interactions

<handedness
—@— lefthanded
—@— righthanded

=W couples only to lefthanded particles

b O

4/24/2002 Ulrich Heintz - NEPPSR 2002 10



Glashow-Weinberyg-Salam model
2 W couples only to lefthanded fermion doublets

u) (c) (¢ e\ (u)(r all left-handed fermions
are SU(2) doublets
d/L S)L b L Ve )t \Yu \Y:/; all right-handed fermions

are

2Z couples differently to left/rignthanc
fermions v ¢ =1 ¢ =0
{ ¢, =—1+2sin’0, c,=2sin’6,
u c ST ing 0 ¢, = _A i 0.
3 3

d cL=1+§sin29W c, =—sin’ @

S ycouples equally to left/righthanded fermions

4/24/2002 Ulrich Heintz - NEPPSR 2002 11



Quantum Chromo Dynamics

2gauge theory of the strong interactions
=8 massless gauge bosons (gluons)

q g
gm§v3< g (s,
q g

all leptons are SU(3)
singlets

all quarks are SU(3)
triplets

i
R s

4/24/2002 Ulrich Heintz - NEPPSR 2002 12



2input parameters of the standard model

=3 gauge couplings: gy, gsuz) &su
=1 Higgs vev: v or M, or My,
~9 fermion masses: m,m,m_m, m,m m, m, m,
=4 CKM parameters: 6, 6, 6, 6
=1 Higgs mass: M, or A
218 free parameters

<neutrino masses and mixing parameters

4/24/2002 Ulrich Heintz - NEPPSR 2002 13



< the standard model
>experimental confirmation
S precision measurements
Sdoes it fit?

< future prospects

>are we done?

< summary

4/24/2002 Ulrich Heintz - NEPPSR 2002
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2weak neutral currents

=observed at CERN in 1973
Vu\/“ Vu\\/vu

o /\V o /\e

“charged current” ° “neutral current”

=ratio of rates depends on bz _ cos6,

Ew
= sin’ 0 ~0.4

4/24/2002 Ulrich Heintz - NEPPSR 2002 15






experimental confirmation
Svector boson masses

=prediction
«/zgfy 1
GF — 8M2 V404 2 1
- r=> M, = 7 | snta ~ 93 GeV
. F w
gy smb =~4ro

observed at CERN in 1983

M, =80+5GeV
M, =90+5GeV

4/24/2002 Ulrich Heintz - NEPPSR 2002 17



> the standard model
Sexperimental confirmation

@ precision measurements
=properties of the Z boson (= e*e colliders)
=properties of the W boson (= pp colliders)
=the top quark
=neutrino couplings (= fixed target experiment)

Sdoes it fit?

< future prospects
>are we done?

< summary

4/24/2002 Ulrich Heintz - NEPPSR 2002
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LEP/SLD

< colliding e* and e- beams
> beam energy ~ 46 GeV
S produce Z° bosons

> ..... 70
SLEP e

=>4 detectors: ALEPH, DELPHTI, L3, OPAL

=recorded 17x 10® Z° decays (1990 - 1995)
2SLC

=SLD detector

=recorded 550,000 Z° decays (1993 - 1998)

4/24/2002 Ulrich Heintz - NEPPSR 2002
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20 lineshape measurements
229 lineshape

= - .
®M,=91.1876£0.0021 GeV =% ,L poee )
=I,=2.4952+0.0023 GeV ~ ° |  um
&6, = 41.541+0.037 nb Y A ]
=R =T, /T..=20.804+0.050 |
SR =,¢/T,,=20.785+0.033 2| ]
&R =T, /T..=20.764+0.045 | _

Sconsistent with lepton [ ™" /7 "
universality -
Nl _n n o N _n n n N .\YMll nn_n T
86 88 90 92 94
E_, [GeV]
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SDvisible decay modes
& T, = 1744.4+2.0 MeV
& Ty = 83.984:0.086 MeV
<invisible width
& T, = Ty -Tyog -3xTep 499.0+1.5 MeV
& r,,w/ru2 5.942+0.016
>standard model prediction
& T,,/Ty = 1.9912:0.0012

<23 light neutrinos

4/24/2002 Ulrich Heintz - NEPPSR 2002
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many ways to measure sin?o,,

2left/right asymmetry 4, ,
=Z couples differently to left/right handed fermions
=expect parity violating asymmetry

GL == GR
ALR IGL_GR # 0
O] +0p

= couplings depend on sin?6,, = 4,, depends on sin?6,
=only possible at SLC (e polarization ~ 75%)

4/24/2002 Ulrich Heintz - NEPPSR 2002 24



many ways to measure sin?o,,
>forward/backward asymmetries

forward backward
—G~ 2O -@— > €L > €L

L < > € >R
‘__G'_ZO@* > ¢ R > ¢ R
R ¢ > « > L

GFiaB

=requires no beam polarization

& App = depends on sin?0,,
_|_

4/24/2002 Ulrich Heintz - NEPPSR 2002 25



many ways to measure sinZo,,

Preliminary
"N 2 A, o 0.23099 + 0.00053
<SIN“0
=differs from sin?,,
by radiative A —v— 0.23218 + 0.00031
corrections Ayt * 0.23220 + 0.00079
<agreement
Average - 23.023‘131’3;; 0.00017
between all 0 eere
measurements >
Q
I .
- 102 m Ao = 0.02761 + 0.00036
023 0232 rn.z'e-.fi_'a-

sin20. = (1 g,,/g,)/4

4/24/2002 Ulrich Heintz - NEPPSR 2002 26



>the gauge sector of the standard model
is determined (at tree level) by

=sin OW , Mz, a4 = gw. 97, Mw, AFB""
>loops introduce additional dependencies

SMy, = My (1 + O(m,2) + O(logm,,))
osimilarly for other quantities

4/24/2002 Ulrich Heintz - NEPPSR 2002 27



2global electroweak fit

=are all measurements consistent with one
set of parameters?

=all Z-pole data:
m, =171+10 GeV

109
mpy :82J_r41 GeV >;(2 =15.3/10 dof
sin® 6, = 0.22315+0.00063 (12%)

My =380.372+0.033GeV

4/24/2002 Ulrich Heintz - NEPPSR 2002 28



<W= is charged
=cannot produce (singly) in e* e~ collisions
=need beam energy > M, for ete-— W*W-
=hadron colliders...

4/24/2002 Ulrich Heintz - NEPPSR 2002
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Tevatron at Fermilab

>colliding p and p beams
>beam energy ~ 900 GeV

>produce W= and Z° bosons and more...

o2 detectors: CDF and D@

Sbetween 1992 and 1995
=recorded 10°> W and 10% Z° decays

4/24/2002 Ulrich Heintz - NEPPSR 2002
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Tevatron at Fermilab
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oprotons/antiprotons are not elementary

=de Broglie wavelength of 900 GeV protons

A= % =10"""m << size of the proton *10"°m

=quark-antiquark and quark-gluon scattering

4/24/2002 Ulrich Heintz - NEPPSR 2002 35



< W and Z production in proton-antiproton
collisions

=W or Z are not the only particles produced
0 underlying event

=quarks have a distribution of momenta
0 W or Z momentum not known 4
=u and d quarks participate .21
0 both W and Z can be produced o; = ,

parton distribution functions

x0(x)
0.6¢

4/24/2002 Ulrich Heintz - NEPPSR 2002 36



W— ud, cs
W—1tv
W—pnv
W— ev

Z— qq
LV
LT T
L—ut w
L— e e

hadron colliders
W and Z decays

68.5%
10.5%
10.5%
10.5%

69.9%
20.0%
3.4%
3.4%
3.4%

swamped by pp— qq, gg
t—rn/e/u+v's

momentum resolution
best

swamped by pp— qq, 99
invisible

t—rn/e/u+v's
momentum resolution
best

4/24/2002
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hadron colliders
2anatomy of a W— ev event

smeasure
Qelectrons
OQneutrinos
Qrecoil (everything else)

precoil

4/24/2002 Ulrich Heintz - NEPPSR 2002
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2heutrino

S°measure
nothing

momentum conservation

—

p,+p,=0=p,+p,+PD,., butdon'tknow p/ "
—e -V — recoil
—>0=p; +p; + Py

— recoil

— —e < .
— Pr =—Pr — Pr missing p,

4/24/2002 Ulrich Heintz - NEPPSR 2002
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W boson

smeasure
]-9»;1/ =Pr+ Pr
E;V = pr+ pr )
=M+ is not invariant
depends on ptW and parton distribution functions
detector acceptances

need a detailed model of
W boson production
detector

N\

=M =(E) - (p ) <M

/4

4/24/2002 Ulrich Heintz - NEPPSR 2002 40



Smaximum likelihood fit - |
S T ,
= i -y ]
2 700 | df ¥
LE : : Il rrl
2 600 f ol % ;
= K S
= K o |
500 20 iy d
_ '
E I 'lll Jr"
400 [ o} 1y e
| i L 'hl.
i 3 '.'J |__."I"
300 ol vy 1 N N
i 79.8 2 80.2 B glo  BO.8 2l
5 m(W) (GeV)
200 |
100 |
D ----- Frrrri-rrrt1rrtrrr | I PR R AT
S0 S5 60 65 70 75 BO 85 90 95 100 —
M,,=80.45+0.07 GeV

m, (GeV)

4/24/2002 Ulrich Heintz - NEPPSR 2002 41



systematic uncertainties

2inputs to MC model affect measurement
=parton distribution functions
=p+ distribution of W
=radiative corrections to W decay
=detector model

2general procedure
= constrain input parameters
=vary parameters within the allowed range
=determine the effect on the mass measurement

myy =80.443£0.079 GeV (CDF)
myy =80.483+0.084 GeV (DO)

|
ﬁﬁg
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LEP-II

21996-2000 LEP operated above WW
threshold

SvVs = 161-209 GeV
SW*W- pair production

€ /W € /W ==
’ ’
v o, Z ¢ v
\ TN
. .
e S\W e “\W e ~.W

4/24/2002 Ulrich Heintz - NEPPSR 2002
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<2W mass

= 80.40 GeV
+ 0.20 (STC(T)
+ 0.07 (sys’r)

>from oy, at
% =161 GeV

+ 0.03 (beam)

[pb]

W (7))

e e oWW

e
=

{

20-

10+

LEP .7
A
...f;
7 A
5
by ® Daia
J
¥,
_;i - — - ho ZWW vertex
1.7 -+ Vv, exchange
160 170 180 190 200
Vs [GeV]
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> WW=qqqq il Py manpnaasany

. .I:IH . reweighted
=reconstruct 4 jets [y —————

=bC fit (E, p, My = mz)
=3 possible jet pairings
combinatoric background
=quarks are created so
close together that
their fragmentation is
not independent

color-reconnection - RS OB

: : : 50 60 70 80 a0
Bose-Einstein correlations
|W|GEV|

ﬁmw = 80.457 4+ 0.030(stat) &= 0.054(syst) GeV

st %@@%@@%@@%@@@%@%@@%@@%@@%@@%@@%@@%@@%@@%@@%@@%@@%@@@%m@@%@@%@

100 -

Number of Events / 1 GeV
[h
i
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W mass from direct reconstruction
SWW->qqiv

=neutrino not “‘% 00 Wwﬂqmpb
detected Swr T _:
:‘; 3 imulation E

ﬁzc flT (E’ p' mI:mZ) g 60 L ?:‘Iw=80.35) _

- B aqqrv simulation

ﬁmw - 80448 Gev : Z(¥)+ZIl simulation
+ 0.033(stat) GeV “ ¢ DELPHI
- 0028(SYS1') GeV ) _

oy
=
I

50 535 60 65 70 75 80 85 90 95 100
2
W mass (GeV/c")
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pp-colliders —e— 80.454 + 0.059
LEP2 —— 80.447 +£0.042
Average -0—- 80.450 + 0.034
+*/DoF: 0.0/ 1
NuTeV A 80.136 + 0.084
LEP1/SLD —A— 80.373 £ 0.033
LEP1/SLD/m, -A- 80.380 £ 0.023
80 802 80.4 80.6
my,, [GeV]
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direct measurement of W width
< Tevatron

tail of myspectrum 27 |
= FW =2.115+0.105 GeV fz: 103 b Solid tme - pee T
SLEP-IT N

=width of invariant |
mass distributions o E

o, =2.150+0.091 GeV

L1 I
40 60 80 100 120 140 160 180 200
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< Tevatron
=indirect measurement from ratio of oB

ow B
R: WPW -sev

B — BW—)eV =
OzD7 see
T
FW :\B\_"/j (standard modeU L EP
W—ev

>y = 2.1714+ 0.052 GeV

4/24/2002 Ulrich Heintz - NEPPSR 2002 49



pp-colliders . 2.115+0.105

LEP2 U 2.150 £ 0.091

Average ¢ 2.135 £ 0.069
y*/DoF: 0.1/ 1

pp indirect A 2.171 £ 0.052

LEP1/SLD A 2.091 £ 0.003

LEP1/SLD/m, A 2.092 £ 0.002
2 22 24

I, [GeV]

4/24/2002
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gauge hoson self couplings
2the SU(2)xU(1) theory predicts
W

W

/ /
/ /
/ /

Y AN 7Z--={
\ \
\ \

\W \W
=seven Lorentz-invariant amplitudes each

=five constrained by electromagnetic gauge
invariance and neutron dipole moment

=constrain two couplings, «, A
= Tevatron: Wy, WW, WZ production
=LEP-II: WW production

4/24/2002 Ulrich Heintz - NEPPSR 2002
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-0.15

gauge hoson selit
2in standard model  _,
oK =1 (AK :O) 3 0.15
=0 01
Sif Wy have only -
electromagnetic o
couplings 01 Eo ;
=2 k=0 (Ax = -1) 015 = A
2320 T R
5>€XC|U de d A,
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[y [l
" b OCERY o]

iscovered in 1995 by CDF and D@ =
= completes the 3rd generation
=mass is large!

W
ﬁ;ﬁ,‘h’mi
ol
- '"Ifquark;]ugén\h‘:;_;—ﬁ |

eindigen ex aequo 3% 7

A NS
gﬁr B

Le IFI"Idig!H BX pegquo At R |
- -‘:"tl';'h.-_.d""""" =gl =

" 10 ﬂ e Ny 9 o :
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(oD mass measuremeit
omeasure lepton, 4 jets, missing p+

=1 unknown |CDF o
=3 constraints 5
. . . i < < T
=1C kinematic fit G
Sl
ﬁcompar.e TO MC § : T 325 151:,0 175 200
%10 - M, (GeV/c?)
é i
T
My, = 176.046.5 GeV (CDF)
Mg, = 1721£7.1GeV (D@) (¥ | +

My, = 174.3+5.1 GeV

Reconstructed Mass (GeV/cZ)

*@m@@mmm@@mmm&mmmm&mmmmmmmﬁ3
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2global electroweak fit
=include W mass, width and top mass

measurements
m, =175.8+4.3GeV |
= 81" Gev 2
Mp =01_35 UC | X =19.6/14 dof
sin® 6, = 0.22255 £ 0.00036 (14%)
My =80.403+0.019GeV |

= consistent with standard model

4/24/2002 Ulrich Heintz - NEPPSR 2002
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yet another way to measure sinZo,,
2charged/neutral current cross section

VH\»\/,/H VM\»\/,/VH
/'/\\u,c ,d,s/'/\\u,d,s
dss charged current” y “neutral current”

O-
= RV =—% is a function of sin? 0
occ but sensitive fo sea quark contributions

O' U
& R=—Y—23C seq quark contributions cancel

(7 (T
cC CC  but measure v and v separately
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NuTeV

>fixed target experiment p>n,K>v,
=two beams: vand v
=charged current events

it

=~ heutral current events

[

4/24/2002 Ulrich Heintz - NEPPSR 2002 59



NuTeV

Sresult

~NuTeV
sin? 6, = 0.2277 + 0.0013 (stat) + 0.0009 (syst)

=global electroweak fit:
sin2 6, = 0.22255 + 0.00036

=3 standard deviation discrepancy

4/24/2002 Ulrich Heintz - NEPPSR 2002
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2global electroweak fit
=include sin%6, from NuTeV

m, =174.7+ 4.4 GeV

54
my =8573, GeV 72 =28.8/15 dof

S

sin® 6,, = 0.22272 £ 0.00036 (1.7%)
My =80.394+0.018GeV |

=still consistent with standard model?

4/24/2002 Ulrich Heintz - NEPPSR 2002
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sz

6 80.6 ———— |
Aq® = | —LEPL1, SLD Data
had 1
— 0.02761+0.00036
---- 0.02747+0.00012 8054 68%CL
47 N —
>
(D]
2. 80.4- .
=
2 . &
80.3 =
] § m,, [Ge
O EXCI.Ude.d . N I__ Prleliminlal‘y 80 2 1 |1:||:_4 30 Preliminary_
20 100 400 “130 150 170 190 210
my, [GeV] [GeV]
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> the standard model
Sexperimental confirmation
S precision measurements
Pdoes it fit?

< future prospects
= Tevatron Run 2
=>|LHC

=linear collider
2are we done?

< summary

4/24/2002 Ulrich Heintz - NEPPSR 2002
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< Main Injector
= 2nr = 3.3 km
= 8->150 GeV p synchrotron

= 8->120 GeV to p, fixed
target

= 150->8 GeV for p recovery
= 344 dipoles, 208 quads

< p Source
= upgrades fo targeft, Li lens

= debuncher and accumulator
stochastic cooling systems

1! 2 Recycler
| = 8 GeV p storage ring
= 416 permanent magnets

e



Tevatron run 2

<now until LHC is competitive...

Vs = 1.96 TeV
=2Run 2A (<2005)
L£21032 cm2s!, [L£dt*2 fb!
=~Run 2B (>2005)
~#5x1032 cm=2s!, [Ldt*13 fb!
2W mass to 27-17 MeV
>top mass to 2.8-1.3 GeV

2Higgs > see next lecture

4/24/2002 Ulrich Heintz - NEPPSR 2002
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Tevatron run 2

80.6 ———————————
| —LEP1, SLD, VN, APV Data
8051 68% CL
S
Q) -
© 80.4- f
= ]
E -
80.3 |
m, (Ge ]
302 +— 114 ?O. 10007 Plrelllmllnalry
130 150 170 190 210
m, (GeV)

4/24/2002
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can we exclude the standard model?
2global electroweak fit

summer 2001 ~ 2008
6 ._ T B 6 H .
| : ry ' Gtlnewald, Heintz, Narain,
| _‘ Ao = Schmitt, hep-ph/0111217
i —0.02761+0.00036 : :
1 "-_‘ ---- 0.02738+0.00020 i
4+ | 7 47 |
>< | T2 |
S <]
2- 7 27 |
o | Excluded /.~ Preliminary o Excluded * 7 S
20 100 400 20 100 400
m,, (GeV) m, (GeV)
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heyond Run 2

SLHC (starts in 2006?)
=pp collisions at Vs = 14 TeV
$N\W' m’rop
=Higgs
=phenomena beyond standard model
< linear collider (starts before I retire?)
=ete collisions at Vs ~ 500 GeV
=Giga-Z option
=My
ﬁm’rop
=precision study of Higgs...?

4/24/2002 Ulrich Heintz - NEPPSR 2002
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> shortcomings of the
standard model
= too many free parameters

= Higgs mechanism put in by
hand

= light fundamental scalar
requires fine tuning
(hierarchy problem)

= keeping the Higgs coupling
finite as Q2>00, drives it
to zero at low Q2 (triviality
problem)

= does the Higgs exist?

= only e&m and weak force
truly unified

= does not describe gravity

S—

‘Putting a box around it, I'm afraid,
does not make it a unified theory.”
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siimmary

<standard model

= unifies electroweak interaction into one
gauge theory

=strong interaction

=many predictions confirmed precisely by
experiment

=some hints of discrepancies at the 3 sigma
level

=theoretically unsatisfying

2your charge
=find physics beyond the standard model
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weak interactions
>muon decay

~2.2x10"s
— G, =1.16639(1)x 10 °GeV

«
«
4
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weak interactions
>muon decay

1 M:12(8x)

T ng mz
2
‘ﬂ :GF:ﬁng
8M,,
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DO detector

Scalorimeter

S

2drift chambers

CENTRAL
CALORIMETER

D¢ LIQUID ARGON CALORIMETER

measure direction

74

Ulrich Heintz - NEPPSR 2002
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electron signature

Selectron e

S measure
energy E . '."'|."."'."'."
direction 0, ¢ e

=calculate "
momentum

E/cosg/ﬁsm@\

p=—| singsiné
C

Calorimeter
i
an|

. cosd )

E .
pr =—smd
c
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CAL+TKS R-7 VIEW 2-DEC-1997 10:10 | Run 86190 Event 4618(24-N0V-1994 19:30
Max ET = 41.9 GeV
Sum BT = 111.4 GeV
VIX z = -30.3 cm B 1<E< 2
[] 2<E< 3.
/ \ D\ili{: 4,
Bd<Ec 5.
B 5<E
[ ' A
B YR
L | :]:xf o L
— . N S —
VA A A
L/ S
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Srecoil =calculate
S~ measure ﬁ;ecoil _ Z l_?’lT

energy in cell i E,
direction 6, ¢

& cannot measure
particles along L
beam TR T

D e =8
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2heutrino

S°measure
nothing

momentum conservation

—

p,+p,=0=p,+p,+PD,., butdon'tknow p/ "
—e -V — recoil
—>0=p; +p; + Py

— recoil

— —e < .
— Pr =—Pr — Pr missing p,
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CAL+TKES END VIEW 2=DEC=-1937 10:0% | Run 6130 Event 4E'.E'|:-1-HE‘-‘."-1‘F*.'*4 19:30

Max E = 42.7 Ge!
Miss ET = 34.7 Gel

| [BY

| GE

MIss E1

[icm+mc
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1 mass measurement
<Z boson

~measure |
= [ D@ Preliminary
ﬁZ — ﬁe— + pe+ %55— 5705 candidates
:__z E Lum = §9.0 pb™
EZ — Ee_ + Ee+ dﬁﬁ:— F
) 5 5 500 —
MZ - EZ B pZ 400 d
=M is invariant
no dependence on p;Z "t
=fit to Breit-Wigner :
= done (sort of...) S
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W boson

smeasure
]-9»;1/ =Pr+ Pr
E;V =pr+ pr )
=M+ is not invariant
depends on ptW and parton distribution functions
detector acceptances

need a detailed model of
W boson production
detector

N

=M =(E ) - (p ) <M

/4
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W boson

why transverse mass?

dN.-"dm.l.

u:lN.-"dp-l-{c )

55760 65 70

73780785 90 95 30 35 40 45 30

m; (GeV) prle) {l'je"v' )

4/24/2002

Ulrich Heintz - NEPPSR 2002 82



2computer simulation

=pick random p,, My, from
distribution

=pick random decay angles
from distribution

=simulate detector
response

@ pe and pTrecoil

do this billions of times....
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