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an inspired idea

after the discovery of the neutron, Heisenberg
attempted an explanation of how it stays in the
nucleus by proposing an exchange force

. aseriesof 3 papersin 1932/33

. he proposed a new force, acting at short range between protons and
neutronsin the nucleus

« protonsexchanged electrons - a Platzawechsel, or “migration”
. tied nuclear forces and beta-decay together G

e a source of the electron!
‘.r ©

. by 1936...
. therewere 3 other p-n exchange force models

“...the general idea of a connection between beta-
emission and nuclear forces is so attractive that one
would be very reluctant to give it up.” Bethe and
Bacher, 1936

« However, the plausibility of Fermi’smodel wasthe crucial stimulus
to furthering this notion
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beta decay, Fermi style

4 very new ideas/tools came together in Fermi’s
model for Sdecay (1933)

« Dirac’srelativistic quantum mechanics - direct analogy with QED
. the neutron as a fundamental particle
« Helsenberg'sideaof n o p

. Pauli’sneutrino
gy =4 x 10 erg cm?

(dimension-full coupling)

o it worked and spawned an industry of determining the Lorentz
character of theinteractionterm,V,A,S, T,or P

all forms had experimental support within the growing collection
of apparently related weak interactions - Feynman and Gell
Mann set that straight in 1958 in theremarkable“V - A" paper
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[ decay vs. strong force

. Helsenberg tried again, with an exchange of v - e pair...but flawed

« Yukawa took Heisenberg's exchange metaphor and promoted it to
a postulate about physical reality

« Heproposed a new force, mediated by a new quantum, U.

« U would couple differently to the neutron and proton, than to the
electron and neutrino.

Y ukawa explicitly separated the weak and the strong
Interactions for the 1st time

. the“rest of the story” iswell known... the pion and cosmic rays
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everyone knew...

By the 1960's

 Following the Feynman-Gell Mann article, the way wasclear for a
single vector quantum exchange of indeter minant parity

. every textbook had a chapter on the* Intermediate Vector Boson
Hypothesis’

. onecan find in theliterature numerousreferencesto: the
“weakon”, “intermediate meson”, the“V”,the“Z"”, and the“W”
which would have: spin 1, electrical charge, and mass >M,

Everyone knew that it had to exist

. all of the experimental evidence was unhelpful - adjustmentsto p,
neutrino cross section, precise measurementsof 7, ...nonewere
precise enough

. Yet, if found, it would have rendered the field theory unusable and
cast doubt on even the presumed under standing of QED
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the classical W is impossible

While the idea was appealing and the connections
with QED’s photon were understood

. it became apparent in the ‘50 sthat the massive W was impossible

. the mass, necessary for the short range, ruined the theory by causing
infinitiesto occur in various processes

W - y
e £ N € y
o e
Vu
"\ v
W+ e % e

the badly behaved term isthe longitudinal degree of freedom, harmless
in the QED calculation

. Strenuoustheoretical effortswere expended torid thetheory of this
plague and

. all experimental effortsthrough the 1960's and late 1970'sto

produce the W in neutrino collisions failed:by 1978, M ,, > 10 GeV
from thelinearity of the neutrino cross section...

Chip Brock
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Introduction to the Standard Model

However, the kinship with electromagnetism, begun
by Fermi, continued to be pursued

. Fermi’soriginal ideas stole directly from QED

« Moresurprisingly, therewereformal similarities:

P e
p = e
Good behavior in QED was y y
Imagined for the weak interactions
because of the renormalized e
coupling constant in both theories n P y
W- W -

In 1967, Weinber g, following incomplete ideas of Schwinger,

Glashow, and Salam, put it all together into a singletheory - now
called Standard
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the zoological ingredients of the SM

Theideasin the SM borrow directly from other branches of physics - notably
many-body physics and the Ginzburg-L andau theory of phase transitions.

The early situation includes:

1) an SU(2) triplet of massless spin 1 bosons (b)
2) amassless spin 1 singlet, A, and

3) four scalar fields, swith unusual self couplings.

something happens (phase transition?),
acrank turns,
and

a) two of the b’s mix, absorb two of the s, and combine to form the W * /
b) the other b and the A mix, absorb one s, and combine to form the y |

and the Z ‘ s | \S
8, the“Weinberg angle”

the remaining scalar becomes the left-over Higgs Particle - it is the Cooper Pair:
macroscopic, filling the ground state (vacuum?), screening the W and Z, and providing
their apparent mass

Themassesof theW and theZ areintimately related to mass generation.
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the longest discovery-moment in history

predictions - 2.5 page unnoticed 1967 letter

e
|

1 |
« Weinberg could make a set of predictions: M,. =
. . . sinf,, | G, \/2
circa 1980, from neutrino experiments,

sin” 8, =0.231£0.010
0, My, =77.6+1.6 GeV/c? - 2% prediction.

M,

- Another predictionwas M, =
cosB,

0 M, =~89GeV/c?

an accelerator was needed, so CERN built one -to
discover the Wand hopefully the Z

« The CERN pPpcollider was built, UA1 and UA2 found both at the
expected massesin 1983.

after 1/2 century, the W was loose, inaugur ating two decades of physics
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the fundamental concentration iIs mass

this continuing importance is in the loops e”

just like in QED - observable consquences result /\/\/\/
from the uncertainty principle and the field theory

Z Z

modification of the “propagator” affectsthe“mass’. Thefield theory isunforgiving
and the relationships among M+, M, M., and M, ar e specified.

‘ the stakes for the Standard Model are very high \
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effects of the loops...

one common language is to bury all high-order
corrections into a single term, “Ar”

« Now, thethreeinput parameterstothe model are

. fine structure constant, a -';,, = 137.0359895(61) 0.045ppm
« Fermi constant, G =1.6639(2) x 10°GeV-? 20 ppm
e Z Mass M, =91.1884 £ 0.0022 GeV/c? 24 ppm
M, 44 | 1
« Then, M, = F + 1-—— where 4= ( 1
V2 \ LM, 12Gr (1 p)e

e the dominant contributions are due to QED [~7%)], heavy
quarks (Top), and the Higgs mass

Ar =Aa - const. e (m

[ My)? + another const. « In(m,;,.s/ My, )

|

top

|
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Ar

the quadratic top mass effect is striking...
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(for 500 GeV/c? higgs boson)
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“Fermilab measurables”

calculated effect on M,,

Standard Model M W

‘ T T T ‘ T T T T T T T T

8200 T T T T T T

11 J

a1(0) = 137.035989
81.50 - G.=1.16639 x 10 ° GeV?

i M, = 91.1884 GeV/c?

81.00 o lowest-order B

80.50

M,, (GeV/c?)

80.00 effects of the top quark

effect of a(M,, )
79.50 i

79.00 i \ \ \ |
0 50 100 150 200 250

M. (GeV/c?)
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M,, (GeV/c?)

80.9

80.7

80.5

80.3

80.1

79.9

79.7

My, VS m; vs M,

the precision of Wand top should keep pace with
one another...

. alittlewhileto get the central value - yearsto understand the
errors

the“entry fee” isafraction of a percent precision!

M I\ \\ A\ Ll I

160 180 200 220 240

2
Miop (GeVic?)
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the current status of M,

precision is indeed improving with each era

Determination of MW
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langacker

professionals calculate huge, global fits
. combining all data

. quantlfylng the effects of ant|C|pated new electroweak physics

0.240 | R |
[ M, =300 GeV /21';13'.;:{;'.5 /:

0.2351,

sin28,, (M)

0.225 j: —
50 100 150 200 250 300
m, (GeV)

The Plan: stress the SM and search for new physics
in the high-order effects -om;,, = few GeV/ c?,

oM., = 50 MeV/ c? by 2002
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Measuring, My, atia hagdromcalliger
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production of IVB's

Drell-Yan-Lederman-Pope mechanism

« quark-antiquark pairsannihilate - the “naive’ version
note that other proton bunches are preceeding and following
« with sufficient bunch population, pileup isa problem
« good occupancy is N,(N,;,) / bunch =2 x 101(6 x 10%)
« at L = 6 x 10%%/cm?/sthe event rateis 1 interaction per crossing

gpectator quarks (and gluons) do provide a “minimum bias’
underlying event haze

gt

valence-valence/sea = 55%
asea=20%

S
+

u

§.5 usgc §.5 uséc

proton ¢ proton antiproton
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more realistic production

gluon radiation & g - g pair-production will always
dominate

hadron jet in the detector

hadron jet in the detector

/
QQQQQQI uon

d

antiproton

. jets may occur, but W production isdominated by soft, multiple
emissions which “gently” shovethe W to small transverse
momenta, p; - peaksat only 5 GeV/c

« need a model of this production
« Collins, Soper, Sterman, Yuan, Ladinsky
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decay characteristics

W - ev

. two body [0 useful kinematical constraints

- measurablesare: electron p;, thehadronicdebris, > p+(h;),
and therelative angles '
. theneutrinoisinvisible
p. (v) un measurable

pr (v) can beinferred in the planetransverseto the beam
directions dlectron electron

electron track

W v hadron
tracks
. 5 hadr.onlc hadronic
neutrino 2 r ecoil

r ecoill
momentum “picture’ what the detector provides
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mass determination

exploiting the two body kinematics

2
. - g, W ats
. Can use p(e), using the sharp edge at M, /2 N} L
do [] S0
actually... p;(W) makesthe edge less sharp , U
1 ' de (e) ‘q“‘ pT
« Rather, usethe“transverse mass’ ... ,,\1 -4
“‘ S

an invariant mass calculated in the transver se plane
m,’ =2p()p,(V)[1 —cos@e~V)]  where
pr(V) = pr(W) = pr(e) = = py(recoil) = pr(e) and py(recoil) = 5 Eulcell)

i=cells

which shows 2
2|:f|:| |:|2_mT

dol 1V ol . m,"H O 1 07
2 47_[ D //5 |:| 5 P 2D““‘ 5
drmy Joe S_Mw) +(I_WMW) %l—mT
[N

the job is to determine m; and infer M,, with
maximum likelihood fitting
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The. D@ experiment: at Fermilab

per manent staff: Abolins, Brock, Edmunds, Linnemann, Pope, Weerts
resear ch associates: Geld, Owens, Varelas
graduate students: Di Loreto, Flattum, Frame, Genik, Jerger, Landry,

McKinley, Rockwell
plus:

414 other physicists from 45 other institutionsin the USand 5 other countries
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the DD experiment

electromagnetic calorimeter (U LAr) muon tracking —
« 4 EM longitudinal read-outs magnetized Fe toroids —E=IINEEGN
(2,2,7,10 X, thick) coarse hadron calorimeter ———
5000 signals
. transver se segmentation fine hadron calorimeter
An x A¢g =0.1x0.1 EM calorimeter

at shower max, central drift chamber tracker — =——

An x A¢ =0.05x 0.05 TRD ———
10,400 signals vertex tracker /?
hadronic calorimeter (U/Cu/FeLAr) tracking resolutions:
« 4-5 longitudinal segments * igoum’ Vc-l:-[);C
: . um,
ceid|n|<1l2& 15<|n|<25 + 200 um, FDC
- cal coverage|n | <4.2 ee/m rejection 1:10, TRD
gener al her metic muon detection
« asym. pedestal from U noise « Ap/p=20-50%

ZEro suppression corrections
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the players:

. electrons & photons
. electronsonly will dE /dx and leave atrack in low-p materials

« gammas will pair-produce electrons and electrons will ionize and
radiate, in denser, high Z materials — “electromagnetic shower”

« well- columnated...characteristic length is X , (= 6 gm/cm? for U)

 hadrons (protons, neutrons, pions, kaons, protons)
« will ionize and leave atrack in low-p materials

« Will interact and produce many hadrons, sucessively with the nucle of
high density materials —» “hadronic shower”

« broad & “tracky”...characterstic length A, (= 199 gm/cm? for U)
« N, K, etc. will interact hadronically
. 1mOwill decay yy lendingan EM component to hadronic showers

« MuONSs
. will leave atrack, not shower, and will penetrate deeply

« Neutrinos
« do nothing - but appear to imbalance momentum
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a particle’s eye-view

\

\

'

] ] [
O
electron photon hadron muon
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the DY experiment

D@ Detector

(photographs)
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basic coordinate system

collider kinematics sets the geography
. azimuthal angle, around the beam

. instead of a polar angle, “pseudo rapidity” iscommonly used

0/ O

1
rapidity: y——ln which hasamax y_=In
- A H

for W@s=182TeV ., =3.11
when masses don’t matter, use pseudor apidity, n

_ _ g e
n=0 n= ln%anzg

—n/\

detectors are segmented in

¢ . chunksof An x A¢

protons antiprotons
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the-measurement

lan Adam, Columbia; Chip Brock, MSU; Marcel Demarteau, FNAL/M SU;
Eric Flattum, MSU; FNAL; Norman Graf, BNL; Uli Heintz, FNAL;
John Sculli, NYU; Kathy Streets, NYU;
Srini Rajagopalan, Stony Brook; Q. Zhu, NYU
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the plan

MODEL of PHYSICS
+

MODEL of DETECTOR

compare WT A

A A A A
Tttt omdomomlm

M
MONTE CARLO In L \/

Mw

1/2
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the running

The two important reactions are:
pp - W+X - e+v +X BR(W - e+Vv)=10%
pp-Z+X 5 e+e+X BR(Z - e+e) = 3%
These data were taken at Fermilab’s proton-
antiproton collider during 1992 & 1993

« S = (1800 GeV)>?
. total accumulated luminosity, = 13 pb-!

« Thiswasthefirst running of DO...and the price of entry into the
M,y sweepstakes was 0.3% precision
g (W)eBR(W - e+v)=24nb
effective cross section 20.3« o (W)+*BR [0 about 10k events
o (Z)BR(Z - e+e)=0.22nb
effective cross section 20.3« g (W)*BR [0 about 1000 events

Z'’s will turn out to be very important
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accumulated running in first, 3 year exposure!

D@ Run | Integroted Luminosity Eric’sthess

)

inosity (pb

(
[
4

thisanalysis

Inteq m’t%m
N W\ ~
| o (0]

| | |

Run 1A

shutdown

/

=
1992 1993

Dote

e
1994

e
1995 1996
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data collection - triggering

3 levels of triggering, overall rate reduction 10°

o Leve 0 (scint. counters) - =150 kHz (at L =5 x 100 /cm/s)
. signify inelastic collision...fully efficient

. Level 1 (hardware) - =100 Hz
256 inputsto 32 separ ate triggers...some reserved for high-p; electrons
W-trigger (coveragefor [n|<3.2)
« oneE &M > 10, (or 12, or 14) GeV in calorimeter towers (0.2 x 0.2)
Z-trigger (coveragefor |[n]<3.2)
. twotowerswith E;EM > 7 GeV

. Level 2 (software) — =2-3Hz, totape
128 filters, computed in afarm of 48 VAX 4000/m60’s
W-filter
1EM cluster w/ E;EM > 20 GeV, B > 20 GeV, loose electron shower
topologies, isolation on electron candidates
Z-filter
2 EM clustersw/ E;EM > 10 GeV, isolation
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electron isolation inefficiency

“Isolation” implies determining that a cluster has
electron like characteristics

 dense, compact energy deposition

compare deposition ins de
acone of a specific size
with that in alarger cone

« However, can lose electrons...
- recoil can benear e
- general hadron haze can
be bother some
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electron event selection

electron quality selection:

« EM cluster energy fraction > 90%; isolation; 20 cellsor morein a
cluster; general topological characteristicsof “electron”...11x11
matrix; minimal leakage; module edge cuts; high quality track
match, track projection - calorimeter position

W candidates

. > W event sample
Er(e) >25GeV ECN CC ECS

. . >25GeV 1838 | 7234 | 1681

« p;(W)<30GeV/c
« M; <110 GeV

Z candidates

central electrons used int thisanalysis

Z event sample
ECN- ECN- | CC-CC |[CC-ECS| ECS
. small variations on above 48 147 366 134 39

(event pictures)

Chip Brock
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guantities determined from data

a variety of measurements are extracted from data,
for precision and accuracy

. calibration
« EM and hadron calorimeter

e EM calorimetric scale determined in a test beam and
secondarily using collider data: 7?, J/y, Z

* hadronic calorimeter scale tied to EM

« moduleto module calorimetric uniformity from special runs..known
to 0.5% per module

. polar anglefor the electron isdetermined using a bias-corrected
determination of the cog of the cluster in the 3rd EM layer and the
cog of the CDC track

* multiple interactions compromise a precision use of the
vertex position

« EM energy resolution
. test beam + Z width
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EM scale calibration; om,, EMscale = 160 MeV/c?

LM, (measured)
EMZ (measured)

. Wedetermineratio M

w(extracted) = %- M ,(LEP)

. wepresumealinear response. E(measured) = QE(true) + 0
nonlinearities are determined and reflected in an error on o

« onecan show that: m(measured) = a m(true) +0 f
wheref isa kinematical factor depending on the decay

FUEE) ol

sampleswith different sensitivitiesto a and d are used
the massratio can then be determined from:

v, O
tr,

RUE

_ UM, (measured) N fo, (M, -My,) )
EMZ (measured) a M, M,

derivative, gives systematic scale uncertainty
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scale, cont.

w

o [#/ndf 8392 / 97 s 16 -
s >
O . [l
2 120 5 -
° L 0 s 14 -
g m - yy g Jy - ee
S 100 L % i
N I Z 12
[
o)
g F L
2 80 j 10

60 8

40 6

20 | 4

oo \ \ \ Lol Lo, o Lkl

P I
0.8 0.9 1

Maym (GEV)

ol b b b 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m - yy
» one EM cluster with 2 doubly ionizing tracks
* “symmetric mass’ calculated
Msym = E custer SN /2 Which is greater than the
invariant mass
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a and odetermination

a a
0.97 | 1 0.958 —
0.96 S
i : 0956 [ \ -\_\ . ,\ I
0.95 | | L o
0ol 0.954 |
93 F 0.952 - o
0.92 | . k
} 0.95 -
0.91 N - -
:‘ L iﬂ \ \ N IR L L L \‘ : L .\i\
09 77" =05 0 05 1 15 2 99 503 S0z o
5 (GeV) § (GeV)

a =0.9514 + 0.0018 and & = -0.158 + 0.015+003

The MC is deweighted for the scale.

-0.21

Chip Brock
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EM resolution; oM, EMresolution = 70 MeV/c?2

the observed width of the Z i1s resolution dominated

. natural width isT, = 2.493 + 0.004 GeV

[, isconvoluted with a dielectron mass o (m) in a Breit Wigner,
which in turn iscorrelated with the constant term in detector

resolution
o~ 70
g z.ee
3 i ] ® Data
U_ S Ef % o0 [ 366 Events Fit o paa
} L/ E E E % - X?/dof = 43.5/ 40
> i
- 50 - M, = 87.01+ 0.175 GeV/c’
from test beam: :
. 40
S=0.13GeVo> sampling :
N =04 GeV noise 30
20
Fit; 7
10
= 0.6 I
C=1572%

0 I
60 70 80 90 100 110 120
M., (GeVic?)
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electron polar angle; om,, angularresolution = 50 MeV/c2

the measurement of 8directly affects p.(e)

. determination of the vertex position is compromised by multiple

Inter actions
beam spot has g (z) = 30cm
« cog of CDC and COG of ’

calorimeter cluster position

CDC X A
. thereisa known biasintheCDC TRD

49 cm 78 cm
Z position - modeled well VIX
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useful coordinate systems

there are two helpful coordinate systems

«“n —¢&" axes. Z decay

e
p, (recoil) ¢ Pr(e1)
n bisector of dielectron angles
Insensitive to resolution pT(Z)
) , . p(€,)
P @ p (recoil)

A U u D

Pe)

U

> L.
N | u; =p (recoil)sp(e)
sensitive to electron-recoil overlap
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Hadron scale; oM, hadronscale = 50 MeV/c?

3 methods are used with over-constrained Z
system...

« measure pT(Z) with electrons and compaireto recoil
determination... ultimately to measurek in |py(recoil)| = K |p;(ee)|

<|py(ee) + py(recail)| , > Gevic

6

2. ee
5 [ Central Electrons _ _
g this, plus 2 other methods give
’ g L k=0.83%0.04
3 [
5 } —CD—HH — e |
SR ﬁ
0 B o

07‘ | ‘2‘ | ‘4‘ | ‘6‘ | ‘8‘ | ‘1‘0‘ | ‘1‘2‘ | ‘1‘4‘ | ‘1‘6‘ | ‘1‘8‘ | ‘20 |pT(ee)|r] GeV/C
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Events/GeV/c

The trio of measurables

the primary ingredients to m-:

Lo
800 O 350
i o i
e
C ® Data ‘2 - ® Dpata
700 - | Simulation 0 300 - | Simulation
i x?/dof = 46.8/ 30 [ " x’/dof=38.3/37 +
600 I
L 250 -
500 T i
i 200 -
400 F
B 150
300 F
i 100 |
200 | i
100 |- 50 -
O L ‘ ‘ L O L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L
0 10 20 30 -1 -08 -06 -04 -0.2 0 0.2 04 06 0.8
PY (GeVic) cos(6,)
= - ' - (6.) -
p (W) = - p.(recoil) cos(0,
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Events/0.5 GeV/c

3/4

350

300

250

200

150

100

50

Chip Brock

® pata

| Simulation
x%/dof = 26.2/ 30
5520 Events fit

N
(61

40 45 50

p3 (GeVic)

electron p;
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Events/GeV/c?

400

350

300

250

200

150

100

50

trio, cont.

® Data
| Simulation
x?/dof = 18.4/ 30

5982 Events fit

0
50 55 60 65 70 75 80 85 90 95
M; (GeVi/c?)
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Ingredients to the simulation

model for the physics do(pp — W)

o gridsof pr(W) vsy (W) are generated dp.dy
resummed, non perturbative model + perturbative contribution
density matrix handled correctly
. varied for parton distribution model
. varied for parametersfor nonperturbative production model
. 12.8k points generated for each of 40 models

« decay performed according to W helicity and boosted

« recoll and underlying hadronic event: electron

underlying event
from minimum
biastriggers

recoil - “jet”
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simulation ingredients, cont.

model for the detector - must be fast ... 10’'s of
millions of events required at a time

o trigger efficiencies, kinematical cuts, tracking resolutions, EM and
hadronic ener gy scale, energy resolutions

« electron identification efficiency modeled

 backgroundsincluded
W1V evvy

“QCD” fakeevents (hadronic eventsin which ajet fluctuatesinto
a large electromagnetic component) = 1.6 + 0.8 %

Z - ee(with an électron lost) = 0.45+0.05%

. radiative decays

complicated, as closeto electron and upsetting standard id
parameters and cone algorithm for isolation

modelled in two independent monte carlos, including full-plate
GEANT simulation

________________________________________________________________________________________________________________________________________________________________________________________________|
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underlying hadron event; oM, minbias = 60 MeV/c?

presumed to have character of minumum bias

triggers

« magnitude of underlying event vector issimilar to p(W )= few GeV

sensitive to width of overall
n balance distribution

« conclude
< #min bias>=0.98 + 0.06

« Min biaslibrary created
at different values of the
Instantaneous luminosity
experienced in therun

rms n-balance (GeV)

5

3.8

4.8

i °
I RMS(Data) + 1 o Y
RMS(Data) /
RMS(Data) — 1 o /
I J
| | | | | | | | | | | | | | |
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15

1.2
number of min bias events
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lepton identification

recall uy,

. the projection of the resultant hadron momentum vector onto the
electron direction

600

. Creates an inefficiency with
Isolation algorithm @ Daa
L. - | Simulation
efficiency must be measured 500 ™ yeor=155/1
and included in smulation

Events/0.2

400
300
200

100 -

O L ooy by by b e ey
0 0.5 1 15 2 2.5 3

Qo) - Prec (rad)
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u, efficiency; m,, v parameterzation= 20 MeV/c?

unbiased data set used to determine efficiency

. isolation distribution is measured for electronsin W events which
arerotated away from their real position

1.025 [

1

Efficiency (%)

0.975 f
0.95 f
0.925 f
0.9 f
0.875 —

0.85 -

0.825 -

0.8 L I I ‘ I I ‘ I I ' ‘ I ‘ I I ‘ I ‘ I I ' ‘ I I
-20 -15 -10 -5 0 5 10 15 20
u, (Gev)
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Events/GeV

Events/GeV

u;model
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monte carlo simulates
u”distribution well

g Data

o ® Data
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£ Simulation X“/dof = 66.8 /58

F u=-1.13+0.02 GeV
-30 -20 -10 0 10 20 30

u, (Gev)

- Data
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Events / GeV/c?

backgrounds ; oM, Packgrounds = 30(QCD)1 20(2) MeV/c?

backgrounds are understood from data

. effectson my

. include TRD analysisin QCD bckgnd

7 | W —  Multi-Jet

St W-1v

° i Z-ee

‘.

ol

2

1

%% s 60 65 70 75 B0 85 90 85 100

M, (GeVic?)

~, 100

Events/2 GeV/

80 |-

70 t

40 |

30 t

10 [+

60 -

50 -/

20 -

Variation Background Shape

Using TRD + dE/dx

- Multi-jet Background
90 -

%: Data

—— Nominal
—— Excursions

cuts on my instituted to minimize the effects:
60 <m; <90 GeV/c?

80 85

Ll ‘ Ll \¥\ L L
90 95 100
M, (GeV/c?)
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heresyliss
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transverse mass fit

400 [
§ . ® Dpata
3 250 i | Simulation
@ i x?/dof = 18.4/ 30
2 i
2 i 5982 Events fit
“' 300 -
250 -
200 -
150 -
100 -
50 -
L R
| | | ‘ | | | | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | |

0
50 55 60 65 70 75 80 85 90 95 100
M, (GeV/c?)

M v = 80.33 = 0.140 (stat) GeV/c?
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DQ® final result

Chip Brock

source parameter, P,range sensitivity o (M)
My /0P MeV
EM resolution C =1.5+0.6/-1.5 % -112 MeV/c2 /% 70
CDC z-scale a =0.988 + 0.002 +25.0 MeV/c2 / 0.001 50
had resolution Shad =0.8+0.2 -31.5 MeV/c2 / 10% 65
underlying event | Et (tower) = 16.8 £ 1.5 MeV - 35
W-width Fw=21+0.1GeV +40.0 MeV/c2 | GeV 10
had scale a had = 0.83 + 0.04 +12.1MeV/c2 / 0.01 S0
# min bias 1.0 + 0.05 -31.5 MeV/c2 | % 60
bkgnd, QCD 1.6+0.8% - 30
bkgnd, Z - ee 0.43+£0.05% - 20
ul| efficiency parameterization - 20
rad. decays E min: R ey, X2 - 20
pt (W), pdf pT(W), go fit, varied 20 - 65
MRSA - CTEQ3M difference
trigger efficiencies | efficiency spread - 20
non-uniformity test beam - 10
fitting error - - 10
TOTAL syst. 165
TOTAL scale 160
TOTAL stat 140

M w = 80.33 + 0.140 + 0.165 + 0.160 GeV/c?
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consistency checks

many checks

. vary fitting window
. Variation consistent within statistical uncertainty
. confirmed by MC

o Specific subsamples

. only onevertex AM = -76x 76 MeV/c2
e U;;<10GeV AM , = -16+ 30MeV/c?
e pr(W) <10 GeV AM , =-160+ 90 MeV/c?
«|n|<0.6 AM , = +80 £ 150 MeV/c2
. lepton py fits
. 2 d fitting

« My VSEM resolution const.term,C AM , = +26 MeV/c?
« My vshadron energy scale, AM \, = -7MeV/c2
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Events/0.5 GeV/c

lepton fits

separate p+ fits to electron and neutrino

350
e ® Data
- [ Simulation
300 — 2 _
L X“/dof = 26.2 /30
5520 Events fit
250 -
200 -
150 |
100 4
50 |
0 i Il Il Il Il Il Il Il Il ‘ Il Il Il Il Il ‘ Il Il
25 30 35 40 45 50
p3 (GeVic)

M (€)= 80.280 + 0.190 + 0.315 GeV/c?

Events/0.5 GeV/c

300 [ V ® pata
i _[ Simulation
i x%/dof = 38.4/ 30
250 5457 Events fit
200
150
100
50
k3
0 Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
25 30 35 40 45 50
py (GeVic)

M y (V) = 80.040 + 0.260 + 0.435 GeV/c?
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status of this measurement

world’s accumulation of My,

Measurements of the W mass
81.25

g‘\
O
> (UA2 1990)
() 81 —
(@]
~—
= UA2 1992
= 80.75 —
CDF 1995
805 | cp L4 # Ave‘roge
) . .
80.25 | Prediction ‘ ‘
L 85 MeV
80 DO (Prelim)  commo " error
[ ]
79.75 —
795 —
CDF 1990

79.25 —

79

... but we're only partway there. Much more to come
with an effort consistent with the stakes.
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Chip Brock
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future of this measurement

Fermilab

. completion of run 1, with the b and c cycles
. probably an overall dM,, reduction by 1/2 ... £ 110 - 120 MeV /c2
« Ericand Co. now nearly at =+ 120
« OM,y(syst and scale) dominated by Z statistics

. run I, after significant accelerator and detector upgrades
« 1999-2000 running period, anticpate 50 MeV /c2 or so

. attempting to keep up with my,, which will continueto be reduced
tothefew GeV/c2 stage

CERN

« LEPII
. running at s=(2 M,y )2in a couple of years
. targeting = 50 MeV/c?
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