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what we were...
- tev 2000

October, 1994 a group of 100 users & friends
dedicated time they didn’t have to unraveling the
physics potential of an upgraded Fermilab

« TWo goals:

. to quantify the physicsreactions of interest, quantify the signal and
background sensitivities, and identify the primary detector challenges

and
. tocreatealiteraturewhich documented that work

. wethink that we' ve succeeded

« Theefficiency of completion was high: about 100 physicists
attended the original workshop and there are >70 authorsto the
report.

« Thissays something about thislaboratory’sunique user community
and support base.

« Thereisconsiderableloyalty to U.S. - based hadron physics.
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Introduction
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3 premises:
1. It didn’t make senseto ignore Fermilab’s physics potential in any
discussion of the future

many of us have a concern for
« the possible timeliness of important physics,
. the scheduleof LHC, and
. the maintenance of a healthy and balanced U.S. program at home.

2. Top Physics should remain a dominant focus of an FNAL
program

3. Something unusual could happen - it does all thetime
the strengths of the fermilab facility are:
. THERE’'SDATA HERE

» and there appearsto be a breadth and depth to the physics
accessible at a high luminosity Tevatron upgrade -

itis a Program
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accelerator parameters

- tev_2000
Scenarios (both proton-antiproton, 2 TeV in the cm)

« Run Il (proposed CDF/D® upgrades)

« Luminosity L =10%2cm-2s1
« bunch characteristics 36 bunches; 396 ns; 3int/crossing
. Total exposure JLdt =2fb1

« way beyond (“reasonable” CDF/DO upgrades)
« Luminosity L =108 cm-2st
« bunch characteristics 99 bunches; 192 ns; 9int/crossing
. Total exposure JLdt =100 fb-1

. intermediate (“ incremental” CDF/DO upgrades)
o Luminosity L =>10%2 cm-2st
« bunch characteristics 36 bunches; 396 ns; 3int/crossing

or ~99 bunches; 132ns?; 1 int/crossing?

. Total exposure 1 JLdt =210fbl

(caveats include increased cm energy and/or 19r
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Tiop, Quark Physicss

D. Amidei, University of Michigan
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top quark physics

- tev 2000
now that we’ve found It...

« We understand the gross properties, but the decades of the top
quark arejust beginning
« we know generally how it’smade hereand “there” ....

for high mass, of lesser importance at Fermilab...
dominant at Fermilab dominant at LHC
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e quick summary e

= tev_2000

top quark physics at fermilab will be timely and
unique

. adetector with rate capability comparable to CDF/D® upgrades
with [ Ldt =10 fb-1 will
. determinem, to 2 GeV/c2 per experiment
« measureo(tt) to 6%
« measure BR(t - b) to 5%
« probefor tt resonant statesto 1 TeV/c2
« probe Wtb couplingswith few % precision
. isolate single-top produced final states and
e determine o to 10%
edeterminel (t - Wb) to 12%
e determineV, to 6%
» sear ch for anomolous couplings and 2P
« probefor raredecaysto levelsof 10-3- 104
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detector assumptions (CDF):

t tyields

« Run 1b benchmark, extrapolation to Run Il parameters:
= geom. acceptance improvements to lepton id and SVX
= third-view addition to SVX

m, = 170-175 GeV/c? Run 1b - Run I
Run 1b - Run I (% (%
(% (% ki nemati cal cut acceptangi
b-tag eff. incl geonetrical g Mmmm.vwc Ww - wm
o(SLT) Rt e(esa) 25 o 30
+ det. acc., for SVX or FE
£(tt 1b+X) 53 - 85 BR ¢ eff Run 1b - Run I
€ (tt 2b+X) 13 = 42 (N (N
- no b tagged
tts 24 0.8 - 1.1
Run 1b - Run [ tts £+3] 8.7 N 10
(A (A tts (+4] 7.5 o 8.9
at | east one b tagged at | east one b tagged
tt- £+3] & 1b 15 - 29 tt- ¢+3] & 1b 4.5 o 8.6
tts £+4) & 1b 13 - 25 tt 4+4] & 1b 3.9 7.6
both b's tagged both b’s tagged
tts (+4] & 2b 3.2 = 13 tt /+4] & 26 1.0 N 3.8
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yields, cont.

large quality samples are conceivable

1 f© 10 f-B8 100 B

t tpr oduced

6800 68, 000680, 00

(g

tts U 82 820 8200

tts £+3] 680 6800 68, 00(

tts £+4] 605 6000 60, 50(

tts £+3] & 1b 9584 5800 58, 40(

tts £+4] & 1b 517 5200 51, 70(

tts £+4] & 2b 258 2600 25, 80(
R
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mass: £ + |

- tev 2000
we know how to do this:

m, = 176/170 + 8/15 + 10/10 ; CDF/D®

. ...and we know how to make it systematically better
reduction of combinatoric effects & jet energy scale
. doubletagging
e Z seet+ljandW - jj-0m,[GeV/2] = (1.0) x OE(jetscale)[%]
oMy~ 1.3 GeV/c2?,

leading to
OE (jet scale) = 3%

3

I

[

[
1

Entries/5 GeV/c?
o
B
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T

Events/10 GeV/c?
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T

0.08 |-
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002 |- I

0 Lo P L | | m BTN = 0
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mass: £ + J, cont.

= tev_2000
precision anticipated:

0.7 fk fl 10 f-0B
jet scale - QCD7.7 N. 0 0.6 “SQRT(N)”
jet scale - cal3.1 0.8 0.3 “SQRT(N)”
jet scale - toté8l 3 2.1 0.7 “SQRT(N)”
jet scale - total 3.3 1.0 “realistiqg
b - tagging biag. 4 0.6 0.2
background shp 1.6 1.6 0.6
fitting 3.1 0 0
MC st at 3.1 0 0
TOTAL 10 3.7 1.2 “realistid
0.7 fk 1 fhl 10 f-B
statistical uncertaintids (GeV/c
tts £+4] 12 1.6 0.5 “SQRT(N)”
tts £+4] & 1b 8 1.5 0.5 “SQRT(N)”
tt (+4] & 2b 25 1.7 0.5 “SORT(N)”
systemati c uncertainti e?)(GeV/c
tts £+4] & 1b 10 2.5 0.8 “SQRT(N)”
tts £+4] & 1b 10 3.7 1.2 “realistig
TOTAL (GeV/@d) 13 4.0 1.3 “realistig
|
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mass: ¢ /
- tev 2000

we know how to do this too...harder?

. ...and we know how to make it systematically better - same
problems

reduction of combinatoric effects
. futuredoubletagging
jet energy scale & QCD modeling

. currently, OE (jet scale) =10% 0 dm,=7%
« Same studies as before

. anticipate significant reduction... dm; - 1%

0.7 fk 1 fhl 10 f-B
statistical uncertainti®ds (GV/c

tts 4 25 6. 2 2 “ SORT(N) "
systenmati ¢ uncertainti e®)(&V/c

jet energy scaldl 2.7 0.9

QCD gener at or 9 - -

bckgnd norm 4 1 0.3

MC statistics 5 - -
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production: g & ttresonances

- tev 2000
we know how to do this

. ...and we know how to make it systematically better (eg, £ + ets)
better understanding of acceptance (now = 30%)
. ISR, jet energy scale, b-tagging efficiency (sound familiar ?)
better understanding of backgrounds (now = 35%)
 heavy flavor content of W + jets events (sound familiar ?)
. need to measure c and b content vsnj with crdistributions

better understanding of [ Ldt (now = 10%)

1 fHol 10 f4 100 fB
% % %
accept ance 8.4 2.7 0.9
backgr ounds 10 3.3 1.0
fLdt 5 5 5
overald(ty precision 11 5.9 5.1

current theoretical prediction = 10 - 14%
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Events/25 GeV/c?
H
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10 |
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production: tt resonances

we’re learning how to do this

. crucially important to search - qg annihilation unique

« modelswith predictions: color octet V; multiscale technicolor ...

M., = 800 GeV/c®

Number of Evtsin 700-M,,-900
Observed: 87
Expected SM Top: 17

Dashed Line: Fit from 400-600

M, Gevic®

,,,,,,,,,,,,,,,,,,,,,,,,,/,,,,,,,
400 500 600 700 800 900 1000

(pb)

olB

10 |

10

- A TopColor Z, =1.2%
o TopColor Z , M'=10% O
T R R R

Min o[B(X - tt) for aresonance
to be observed at the 50 level.

400

500

—
600 700 , 800 900 1000
M, GeV/c

Chi p Brock

tev_2000 Wor kshop

5/23/96 4:46 PM



= tev_2000

decays: Wtb vertex

don’t have experience here...Michel analysis

« SM fixesthevertex:

0,20 0 0
standard V-A ﬂ2i<,_3|o3_<LD oMw 1
8\2m H m m E
=18 &V
rather strict predictions: ol
: o |- Emﬁ+oo% )?
BR(t —» bW, o) fixed, dep. on m, _ d(co8,)
- here?
p , INONY f g g -
d(coé, ) o
W - QZA_.mSDG co9, v =
d( co, ) -
ST cos( b)

OBR[t - bW Long) ]
OBR[t - bWRi ght)]

%
%

m
2.

2.1
0.8

fpl 10 f8 100 fB
5
6

statistical errors
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decays: B(t - b), Vi, & B(t - W)

- tev 2000
we know how to do this

« 3 methods:. (double b-tags): (single b-tags); (££ witag: ££ w/out tag);
& intersection of tagging algorithms - all give:

t - W and _ ?LN

tal Wy ey

which can be extrapolated to |V |

BR(t — W(b) )=

1 fbl 10 fB 100 8

single/ different/t¢ wtag/ single/ different/¢f wag/f single/ different/éd wtag/

double sane jet £ no tag double sane jet ¢/ no tag double sane jet ¢ no ta
rati o 0.94+. 07 2.3+.4 4.941.4]0.895+. 0222. 19+. 08 5.1+. 5| 0.895+. 002. 189+. 0255. 10+. 1%
0B(t - b) 4% 14% 4. 5% 1.8% 2. 6% 1.4% 0. 56% 0.81% 0. 45%
over al | -
0B(t - b) 3. 3% 1. 0% 0. 33%
limts on
| V(tb) | > 0.22 > 0.40 > 0.71
95%CL

for 0B(t — b), al methods combined, CDF already has +30% (stat) and £11% (sys) in 67 pb-1
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decays: B(t - W) & sensitivity to rare decays
- tev_2000

It must be tested that W'’s occur in all top final
states

« SM decayswould requirethat R, = ¢¢/ £ eventsbe = 1/6
represent as BR(t - b“witha W)

« also, specific model-dependent sengitivities can be estimated...

1 fot 10 fH 100 fB

SBR(t - b wi tW 10% 3.5% 1.0%
t » H*Db
BR(t » Hb) 15% 6%  1.7%
@ 95% CL
t-Cy
£+y + 2] limt-Ix105.7 0.62 0.13
v+ 4] limt-8x10 6.5 1.1 0. 24
overall limt-yx10 3.0 0.4 0.084
t-ZcC
3¢+ 2j limt-fx10 43 7.4 1.0
20+ 4 linmit-Bx10 26 7.9 1.7
overall limt-}x10 15 3.8 0.63
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electroweak production of top
- tev_2000

variations on 2 themes: W
q ¢
q \ B

polarized \U

<

g 30~ i
- 1 pp — tt+ X Vs =2.0TeV
o
U S 10+
3] ] )
@ % ] pp - tand t+ X
N i
17} _ _
o i pp - tqand tG+ X - _
1 : ” O _ .
W- gluon fusion 1 o Banaibex~
1+
] _ ~.
1pB — tW”and tW*+ X ~. S~
. I.I < /I/I
.. ~e_
0.1 — , — _ — : — _ —
100 120 140 160 180 200 220 240

Top Quark Mass m, [GeV]
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yields, backgrounds

= tev 2000
this will become important with increasing
luminosity ONETOP Morte Caro
« DO resolutions; m al Sum Sig. + Bkg
. 50% b-tagging efficiency + 0.4% m ‘ wm@% ﬁ
mistag rate; 9w
« W bb backgrounds scaled to CDF a
measur ements;

strategy for assignment of tagged b’'s;,
sign of top can beinferred, and used ‘

to suppress background.

0 Lol T e e
50 75 100 125 150 175 200 225 250 275 300

M (Wb )within 50 GeV/c2 window of m, Top Mass (Gev)

mi = 170 GeV¥/c 1 fol 10 fB 100 B

Wb bbckgnd 109 1000 10, 000

Wj bckgnd 109 1000 10, 000

t t bckgnd 21 200 2000

single top 107 1000 10, 000
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ﬂ._\_\».,\%

- tev_2000
among measurements: b, |2

o Width - total rateisproportional to
/>\I
S0, get a direct measur e of total width (within SM) to compareto tt
measurement of BR(t - b) and V,,.

« W-g fusion and W*...(latter less proneto theoretical uncertainties)

m = 170 - 175 2 9l 10 f8 100 B
GeV/ &
W gl uon fusion
SIB = 0.45
stat error % 12. 3 5.5 1.7
00% 26 10 7
or(t - w) %
OVip| % 14 6 5
W —
S/IB = 0.69
stat error % 39 17 5.5
oVtp| % 3)
T

...plus, Long W m:Q\Qm
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NLC & LHC
= tev_2000

LHC

« doneduring early running (capable b-tagging there)

. Significant statistical advantage

- What arethe uncertaintieswhich don’t scale as SQRT(N)?
« QCD modeling...hard gluon radiation?
« Systematics from top p,? from gluon sour ce, as opposed to qq?

much of this work can be done at fermilab first, and with
full systematic control based on immediate experience.

« W* for V,, will behard at LHC - a gluon collider
NLC
« NO ONia resonance, so production cross section is smooth

« threshold measurements dependent on beam systematics...likely
late in the program

« 500 MeV/c2 precision advertised at E, = 500 GeV
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Intermediate ectol, Bosom Pnsies;

U. Baur, University of New York, Buffalo
M. Demarteau, Fermilab
S. Errede, University of lllinois
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IVB physics: yields
= tev_2000

W's, Z,s and y's - masses, decay’s, and couplings:
FNAL is a vector boson factory.

. standard CDF/DO cuts, efficiencies, lepton id...

_ addi ti onal cuts 1 fl 10 -8
pp-» X +
W ev 0. 6M 6. 4M
Z e e 74K — 0. 74M
W(= ev)y ET(y) > 10GeVij(Y)| < 2.4 480 4800
Z( edy ET(y) > 10GeVij()| < 2.4 150 1500
Z(- W)y Er(y) > 40GeVig(| < 1 110 1100
W(- ev)W(- uv) 50 500
W(= £V)Z(- £0) 20 200
Z(> £0)Z(— £0) 3 30

a staggering sample size, a source of physics in and of
itself as well as a systematics toolkit for top, higgs, susy,
exotics studies.
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e quick summary e

= tev_2000

IVB physics at fermilab will be timely and
complementary to other future facilities

. with 10 fb-1, a measurement of M,,, to 20-30 MeV/c?

. combined with 2 GeV/c? top measurement, bounding of My is possible
to 40-50% of My

« in good timefor direct searches
o (W) to15MeV - much better than LEPI|I
« asymmetries (W and Z) as constraint on pdfs
« WWW & Zy (¥,Z) couplings comparable or much better than LEPI|
o radiation zero in Wy production - unique potential
« rare W decays
. 2P

« quartic gauge couplings
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- tev 2000
we know how to do this...

M,, = 80.41/80.33 £ 0.180/0.270 CDF/D®D

. ...and we know how to make it systematically better

more Z statistics
better understanding of model uncertainties
« both will comefor “free” with morerunning

« However, at higher instantaneous luminosities, effects from
multiple interactions will become serious
 Will degradethe E; resolution and therefore m;
| =3[9] for L =10%2[103 ] cm-2s1at 395[132] nsbunch spacing
. group found roughly that: AMy|ys= (17.9 GeV/c2) V(I / N)

1 fol 10 f4
lc 3 9
statistical KeV/c 29 17
systematic MeX/ c 42 23
Total MeVZc 51 29
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M, cont.

= tev 2000
. multipleinteractions were simulated by overlapping min bias
events
Scaling of W-mass error
4000
w L
©) i =1 i
2 . - 1.=3 -
£ 3500 |- o s
Kt - c s i Run 1A, CDF, D@, UA2 (preliminary)
C < @
C z
3000 - =
B 10°- Run 1b, CDF, D@ (anticipated)
2500 |- N
2000 S
1500 — w0l R
1000 - I
m - —— Scaling
500 -~ EEEEES + resolution
i L A AR AR + systematics
O \,‘ L b b by ,\Hr\\,LLLVﬁ Lol 1 | Ll L L
40 50 60 70 80 90 100 110 120 10 102 10° 10° 10°
Transverse Mass (GeV/c?) JLdt (pb™)
. sufficient statisticsto measure My in alternative ways, p;(¢ ), E,, €tc.
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closing in...
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stressing the SM is the game

“Fermilab M easur ables’ ..adifferent dlice

mH\,,,, T T T 71 T 1T T 7 T T T 7T T 17T T T T 71 T T T ,,,,\ mo-m ,,,,77,,,,,,,77,,,77,,,77,,,,,,,\,\,,,,,,,
809 | . 10 o™ data, Vs= 2 Tev
i 10 fb! data, Vs= 2 TeV ] 8045 > |
80.8 - ) . . M,, = 80.260 + 0.030 GeV/c®
i _<_<< = 80.260 + 0.030 GeV/c ]
80.7 [ ) , M,,,= 176.0 £ 2.0 GeV/c®
" Myg,= 1760+ 2.0 GeVic 80.4 P 2
<2 806 |- S :
R C currently...no resolution
(0] - [} .
O 805 [~ O 8035 —
=P current 1 < on this scale
S 804 4 =
603 i ] 80.3 |-
: o .
80.2 —
] 80.25
80.1 m
mo ,,,,77,,,77,,,7,,,,77,,,77,,,77,,,H WON ,,7,,,,7,,,,7,,,,,,,,,7,,,,,,,,,7,,,,,,,,,
140 150 160 170 180 190 200 210 220 100 <m8 300 boo 500 600 _700 800 900 1000
(GeV/c?) Mhiiggs (GeV/c?)

S_o
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(W)

- tev 2000
we know how to do this...

. traditional method will bottom out on theor etical uncertainties

o direct measurement from the my distribution will win

direct measurement of I"(W) Blectron Channel
T T T T T
1 fot 10 B . fun 0 B\Z% Lineshape
Nc Solid: I Effects Neglected
_O w © = 102 L Dashed: I; Effects Included  _|
statistical MV 40 13 - ,
r
background MeV 8 5 -
pr(W MV 17 8 S
m 101 F Electroweak N |
energy scale MV 6 3 & " Radiative Corrections  |o
-
el ectron energy 10 8 3
resol uti on MeV m Ry,z = oxB(W)/o*B(Z)
m\_| r mmo_ C._” I on —/\m< Hb. m Solid: Stat+Syst Exp'tal Uncertainlies Only
|_|o._“ m_ —/\m< b.m NO HOO I Dashed: Theoretical Uncertainties Included B
| M| P | N, |
1073 1072 10~1 100 10! 102

Integrated Luminosity (fb™ ')
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we know how to do this...

asymmetries

« Wasymmetries now are a definitive constraint on pdf’s

« Zasymmetrieswill likewiserestrict allowable pdf’s
« both timely and in pace with the pursuit of 30 MeV/c2in M,
. also acomplementary, largely uncorrelated EW constraint

0.232
e ' F fos |
< = UL — e'e” < Ve
Sl 2 [epoee o . 0.2315
= o 0.6 100,000 events
& € r -
8 € o4 [ —+
E W F —+—
= “ oo b + 0.231
: e =
3 02 B, ¢ 8% 02305
8 E o
‘\4 Hf L L L L 7 L L L L 7 L L L L ‘Oﬁv \‘7 ,\T} L 7 L L L L 7 L L L L .n
50 100 150 200 50 100 150 200 @
e’e” Mass (GeV/c?) e’e” Mass (GeV/c?) 0.23
(a) (b)
0.2295
1 fHol 10 -4 100 B
Jsi ROeff(stat) +£0.001 +0.00032 +0. 00010
0.229

10 fo™ data, Vs= 2 TeV
SN (M2 = 0.23143 £ 0.00032

M, = 50%
I

M, = 91.1887 + 0.0044 GeV/c?
— 2
M,,;= 176.0 % 2.0 GeVic

_/\_I_m_@w

600 800 1000

(GeV/cd)
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pp is a CP eigenstate

 Uniquely Fermilab situation, top physics...
>nﬂ%lﬁvo|i%lﬁ.xvz>o Tt - bW)-T(ft - bw")
a(pp - t X +o(pp - tX) ™ T(t = bW)+T(f - bW")

« 10k events - few % asymmetries, some model discrimination
. ...plus out-of-decay-plane/ in-plane measur ementsin tt

+ asimilar asymmetry is measurablein pp - WEX - ¢ H_\Xm o*

do” do 7 f 10 fb~! Vs = 2 TeV
— = s _:o_cm_<m

5 () = Wolyeye Wly—y, i qﬁ W= . ety
%00 a0 3 ek % %

dy,

Yr==Yo

A=1TeV & sing= H\\

°10-06-06 04 02 0.0 02 04 0.6 0.8 L0
Lepton Rapidity, vy,
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di-boson production

- tev 2000
we know how to do this

« Steady accumulation of low-background data crucial

o glossary:
most general WWV (yor 2) interactions:
. (OWWV proportional to g,V (=1in SM)
« WWV proportional tok (=1in SM)

o (OW)(0W)(0V) proportional toA, (=0 in SM)
o € e 0PWEWVYVo proportional to gsV (= 0in SM)
most general ZyV (yor 2) vertex
. characterized by two free parameters
hsV and h,Y (=0in SM)

« WY, Zy, WW, and WZ candidates have been seen

Wyand Zy have backgrounds from W/Z+ j(fluctuating to 710)
WW, WZ - ¢vjjand ZW - £/ |j likewise (involvesjj cuts)
WW - £v £v hastt backgrounds
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limits will improve dramatically

WWV Anomalous Couplings from pp - WW, WZ, Wy

95% CL Limit Contours 0. L L L B I
@,:;:;:;:;:A HEE D L R B [ e n
AL ) o 14 pb-! DG 14 pbt Wy ] - \pp © Wy > evy Vs = 2 TeV 1

@ WW > 1,v,lsv, App = 1.5 TeV ] i i
MWV >1%HO.@H®< B [ -
, 01— —
2 / ] el ]
\ T 7
o L[ : S § -
< i g ‘\\ , L |
Iof 0 A, 0.0
o~ H . T~ - x
< L 1 ~
‘HW — ~ L -
L ~ L |
F ~
—2F - i i
[ CDF 20pb !/ ] 0.1 —
=3[ D@ 14 pb~! (prel.) CDF 20 pb~* Wy § | i
[ WW/WZ - lijj / evjj App = 1.5 TeV ] L i
L*w App = 1.5 TeV CDF 67 pb™! Wy (prel.)’ | 95% CL |
\m,ﬁ;ﬁ;ﬁ;l;,l I T B R B - 1
\@ \Av \w \N \H O H N w Av @ \O k*kkkk*kkkk kkkk*kkkk*k
. . —04  -02 0.0 0.2 0.4
Ak, = MKy
Arc®
7

current limits
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IS7 scenario

WWV Anomalous Couplings from pp - WW, WZ, Wy ido pb7! ]
95% CL Limit Contours B o - ]
ST T T T T T T T T T T T T 0ol . :c\ >
L J L //r\\\ i
4L wv D@ 14 pb~! DY 14 pb~' Wy ] |
i WW > 1Lvl,v, Agp = 1.5 TeV ] 1g o™ ]
3L App = 0.9 TeV B _
oL / . . a)  pp > WWWZ - lvjj, 17175 ]
1 L A 0.5 0.0 0.5 1.0
oN [ )
2 i . ?mw
I 0 [ . .
o f WZ - {vjjand ZW - 24 |]
\A F
-1r . r | | ]
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radiation zero

= tev_2000

classically: dipole radiation for the scattering of two
charged particles vanishes when Q;,/m; = Q,/m,

. this“radiation zero” persiststo relativistic and quantum 3
mechanical situations wher e the condition for 1 \\ 2
. Q Q . R
the“null zone’ is 1 —_x2 which 0 _
p  p, q Q:+Q2=Q3
P1+P2=pP3s+(q
|_| —
for E; = E,, happensat cod = Q+Q, |w for uand d
annihilation,ud - Wy Q-Q 3

» avariety of non-standard effects will spail thisnull zone, and
confirmation is a fundamental test of the gauge invariance and
structure of the SM

. thecm angleisdifficult, but rapidity correlationsin the laboratory
frame

. thisisa pp favorable measurement...unaffected by NL O corrections,
doable with precision lepton id.
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60
- tev_ 2600
10 -
30
NO@DWT r H‘ [ ALLCHAN
1050 w
- - [ 7 1 7 [ 7 ;, | ON ,Wf [ [ 7 |
= 4 mh 4
30 — | 15 y(y) -y
20 — 10
10 = 5 |-
OH ,,7,,,7,,,7,,, OH,7,,,,,,7,,,7,,,77
-4 -2 0 2 4 -4 -2 0 2 4
y(y) - y() y(y) - y()
central + endcap electrons central electrons only

one of the numerous places that high-premium may be placed on large-rapidity leptons

in the upg

rades (top, MW, asymmetries, di-bosons, €tc.)
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LEPII, LHC

- tev 2000
« Myy: Important tev33 measurement, maybe unigue
« LEPII advertises= 40 MeV/c2from threshold (tev33, 20-30 MeV/c?)

o 'y : uniguetev33 measur ement
« LEPII advertises= 400 MeV (tev33, few 10sMeV)

« Arg . complementary tev33 measur ements, systematic tool
« LEPII/SLD now at 0.00028 (tev33, compar able)
« LHC projected to befew x 105, more difficult

« £2P: complementary, model dependent for interpretation
. only doable at tev33

« diboson couplings: timely tev33 measurements
« LEPII, comparablefor Aky(tev33 better for £y)
o LHC better
. radiation zero: possibly unique tev33 measur ement
« LHC hard...QCD correctionsdifficult
mitlignsohWisanedZ sanecritical ghauality, o statisticssystematicstoolss

5/23/96 4:46 PM
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Light:HIggs Physicss

U. Heintz, Fermilab
D. Kuhlmann, Argonne
S. Willenbrock, University of lllinois
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light higgs physics

- tev 2000
books have been written on how to do this...

. conventional wisdom became broader a few yearsago with the
outlining of the potential for associated light Higgs production

o if minimal supersymmetry isviable, then there would be an
expectation for a Higgs spectrum which included alight, SM-like
neutral scalar. Constraints would suggest, my < 125 GeV/c2

« the canonical yy modewould beinvisibleto LHC in thisrange and
backgrounds might fatally compromise associated production at LHC

« this has become an important component of a tev33 program
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e quick summary e
= tev_2000

light higgs physics at fermilab may be timely and
unique
. study has concluded that thereisaluminosity threshold of 5-25 fb-1
for the detection of alight higgsin the range 60-120 GeV/c2

. 4 - WH - bb¢visthe best mode for discovery

. dependson b-tagging and jet fitting, and W+ heavy flavor
backgrounds, just like the top program

. theqq - (W,2)H - 1)) modesarevery difficult
« 00 - ZH - vv bb mode hasnot beeinvestigated

. combined significance with W mode might improve overall discovery
power

. intermediate mass Higgs may be discoverableat LHC, but
disconfirmation as SUSY Higgsis compromised dueto uncertain
model-dependent BR(H - W)

. 09 - WH iscomplementary to ere - ZH
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WH - bb

- tev_2000
only a few people seem to know how to do this!

. evolving study which haslargely confirmed early theoretical
calculations

. typical W cuts/selection

e pr>15GeV/cfor bothbjets; ly| < 2.0 ]
. . 108 .
« Noextrajetswith py > 30 GeV/c g A W+2jet (no b-tagging) :
(or 2 extrajetsabove 15 GeV/c) T i
. — B AA, E
. No extra leptonswith p; > 20 GeV/c! ‘ M, H
) ) . 2 Al >>>>>>>>>> |
« CDF calorimeter simulation o ¢ M
i - A ]
o 107 = 3
c g E
c :
D2 ]
10 = O W+H 80 Gev oo E
. : r ® ]
double b tagging required ‘ ST ‘
0¥ & %
‘ e ©, ]
TE & 08 | E
0 - ,M,o, | ,uﬂ,,o - ,m,o, | ,m,o, | ,:,Vo, - ,,4 N,o, | ,T,fo,

Two Jet Mass (GeV)
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backgrounds and b-tagging

backgrounds are the issue

W + _um“

optimized cuts.

WZ (Z - bb);

W* - singletop; gluon fusion singletop, tt

S/B different among proponents - M, dependent cuts provide x4
improvement. Thisstudy assumed x2 improvement, without

b-tagging based directly on CDF experience and measurement
_w:BcB

strategy of trying to show convincing mass bump on o

background shape

e o 154
~ © ©
T T T

o
o
T

CDF b—tagging Efficiency Using SVX
SO G
T T T T

°
T

For SVX—fiducial b—jets

-

. +\\+\
_ TL\TL\L\L\LT \+\\+\

o

b—jet Et (GeV)

signal/bac

ground

tev_2000 study, full simulation, jet level

« double b-tagging, conservative®

500 |
400

300

number of events
10fb*

200 |

100 ”

FAY

80

90

100 110 120

m (GeV/c?)

Higgs

Chi p Brock
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all backgrounds

- tev_2000
tev33 has better background control

W+Higgs Backgrounds in 10fb™ (Nominal Jet Resolution) W+Higgs Backgrounds in 10fb™ at LHC (Nominal Jet Resolution)
T 7 T T T 7 T T T 7 T T T 7 T T T 7 T T T 7 T T 7 T T T 7 T T T 7 T T T 7 T T T 7 T T T 7
10° - -
I I tt+W'+tbgq |
AOM -
L 10
| or | lLJ L |l m Corna L TR | 7 \_ | i TR N ! L
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Two Jet Mass (GeV) Two Jet Mass (GeV)
Tevatron LHC
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ZH - ttjj
- tev_2000
strategy here is to combine the lower-statistics tau

channel with the bottom.

 backgrounds aretotally different, maybe important for highest
mass range in WH wher e top beginsto become serious and
iIrreducible

« Nonetheless, the background

350

fromZ - ttjjishuge

300

. Strategy :
« calculate m(tt ) from direction

and p; of the Tt system in one-prongs
« DO resolutions and rejection power :
. in 10 fb-1, yield isabout 10 events
with S/B of 0.1 o |
« resolution isobvioudly critical :

number of events

200

50

T P BT a8
m(t1) (GeV)

0 bamamirbr iUl
100 105 110

Chi p Brock tev_2000 Wirkshop 5/23/96 4:46 PM



LEPII, LHC, NLC
= tev_2000

LEPII

. by 1992, Vs = 192 GeV2which will reach to my, =95 GeV/c?

the entire my range is accessible with significant RF and
cryo upgrades...probably in conflict with LHC.

LHC

« Yy mode still plated with gold, but associated production is
concelvable...but with very difficult top backgrounds

NLC

o discovery isstraightforward in the ZH mode.

Chi p Brock tev_2000 Wirkshop 5/23/96 4:46 PM
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SUperSYAReic Physics

K. De, University of Texas, Arlington
T. Kamon, Texas A & M
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supersymmetry
- tev_2000

many people think they know how to do this!

« SUSY isatheory which hasbeen “refined” over recent yearsinto a
model
« containing 32 new particles, in addition to the current particle

spectrum, with masses which must liein therange 100 GeV/c2 - 1
TeV/ c?

. including 2 Higgs doubletswith 5 physical states one of which is
“light” (< ~130GeV/ ¢2) and SM-like (see previous discussion!).

. Therearesomeversionsof the model which correlate many masses
which makesthetheory Highly Predictive and can be madeto be
consistent with LEP results

Supersymmetry cannot be ruled out by direct searches at
Fermilab. However, promising models, coupled with the
Light Higgs opportunities make the Tevatron a crucial,

timely tool.

. Strategiesfor discovery include chargino pair production, gluino
pair production, and stop pair production...

Chi p Brock tev_2000 Wirkshop 5/23/96 4:46 PM



e quick summary e
= tev_2000

supersymmetric physics at fermilab will be timely,
complementary, and possibly unique

« Within the Minimal Model, char ginos of masses up to 250 GeV/c?
can be discovered.

« gluinos of masses up to 300-400 GeV/c? can be discovered
« With varying degrees of model-dependence

« Stops can be detected up to masses of 180 GeV/c2.

« SUSY searchesat tev33 will be complementary to those of LEPI|
and NLC.

Chi p Brock tev_2000 Wirkshop 5/23/96 4:46 PM



lightest chargino

= tev_2000

diagrams like:

showing the characteristic signal of:
» 3leptons

o Various attempts at modeling of this“trilepton signal” and the
relevant backgrounds have been made

. dominant backgroundsare DY or Z dileptonswith a fluctuating
hadronic shower which fakes an electron

« other backgrounds such asWZ, ZZ, and tt can be controlled through
dilepton mass cuts and &+ cuts

. different background estimates have been reconciled in the study

Chi p Brock tev_2000 Wirkshop 5/23/96 4:46 PM



model space...

= tev_2000
Instructive has been the space of SUSY models

N
o
o
°
N

i NIRRT

|_\

o

e
,%s g -

N

— |

(o

o

'_\
o
o

N
(2}
—h
o
Fos
i

107 Lo a0 d

-2

107 p-

-3

10

Cross-section x BR x EFF (fb)

-4

10

-5

10

40 mﬁo | uﬁo | ”Hmo Mmo wmo Amo 500
. Lightest Chargino Mass (GeV)
. theseare50 “discovery limits’ above a presumed total background of

about 0.6 fb.

. an attempt has been made to evaluate the effect of multiple
interactionsin degrading the signal (and background) detection
efficiencies...this seemsto decrease the mass limit by about 10 GeV/c?
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gluino search

- tev_2000
...the “traditional gluino search”

« comes from diagrams such as.

Xy
- m_\\
q g q g showing the characteristic signal of
. g > - q o .ch_:_o_m_mﬁm
g "
g

. Various attempts at modeling this signal and the dominant
backgrounds have been made

. largest background isW plusjetsand Z plusjets...which can be
reduced substantially by requiring E+(j,) + E+(j,) + B > 300 GeV
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more model space...

- tev_ 2000

10° - -

I L&

i s % W 4

3 % -1
i o N Ww 200 pb
10¢ — & % %
~ | 1 y
2 r 2fb %
L+ Background (fb)
X L &
b
25fb™

10 — ﬁ

- #

I 2

" 4

4

1 ,,,,777,,777777777,777777%,,,,

100 150 200 250 300 350 400

g Mass (GeV)

. theseare 100 limits above backgroundswhich are of order 40 fb.

. with a high cut on ; of 75 GeV, the effect of multiple interactions
may be small...no degradation of efficiencies has been applied.

. the effect of pileup in “creating” extrajetsisassumed to be small.
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stops

= tev_2000

light top squark search
X 0 Herethere aretwo possible
X * W 9&8_855 different signals:
1) single-lepton channel
. b /  One lepton
.« .
» at least onetagged b
2) dilepton channel
V.4 .o leptons
t,q B
n_ o>] jet
« Roughly speaking, the range of m(stop) to ~m(top) can be roughly
covered in 10 fb!

. I'n addition, if m(stop) < m(top), then the decay t — xo cis
kinematically favored: 2 colinear jets plusE;

o thissearch peaksin sensitivity in Run Il at just below m(top)
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LEPII, NLC, LHC

= tev_ 2000
« maximum reaches by all of the players.
current tev33 LEP |1 NLC
maxi mim 1fb-1  10fb-1 100fbl 500pbl.  20f bl,
mass limt 190 GeV 500 GV
~ 5 65 205 235 265 90 248
X=, ®VICS | Ep 140)
~ 173 350 400 >400 85 = 250
V,
9 &V oo (100 pl-1
~ 48 150 155 210 83 = 250
2
ty CeVICe  (LEp 140)
£ (=0 100 150 150 150 na = 250
1\ (DD)
GeV/ 8
L HC does consider ably better.

. Theissueisnot oneof setting a limit, but in creating
1. atimely opportunity for discovery,
2. credible limits, and

3. abank of experience which appliesto future
experiments, should discovery not occur.

The Light Higgs opportunity O with the above direct SUSY senditivity
are a formidable assault on the most promising super symmetric models.
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EXOliG RIyEICS;

R. Harris, Fermilab
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= tev_2000

exotics... e real quick summary

exotic searches at fermilab will be timely and
complementary to other facilities

. effectively a doublin

g Searches for New Physics at Fermilab (Vs=2 TeV)

O.q OC—\W%.H Omcm_cm_-.ﬁ< i T T _______ T T _______ T T T TTTTT T T _______ |
. - Preliminary
in Runll and a 1250 —
superluminous i Max
~—~ B mass
exposure W 1000 (— reach
- f
/m-u_u\ B oﬁmﬁ.m
m 750 —
= i
) B
A [
A 500 —
© i
= B
. HERA (Vs)
250 —
- LEP
i 11 (Vs/2)
- | | 11 (Vs/2)
O | L1 Ll | L1 L1lll | L1 1 1lll | L1111l
1072 10~ 1 100 10! 10%°
Integrated Luminosity (fb™ 1)
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Physicss with & RPelarized Rrotom Beam,

R. Brock, Michigan State University
G. Ladinsky, Michigan State University
H. Weerts, Michigan State University
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polarized beams... e real quick summary e

= tev_2000

polarized colliding beam physics at fermilab would
clearly be unique

. It may befeasibleto polarize the proton beam, transver sely and
longitudinally at high luminosity. The $ cost is not unreasonable,
but the question ison overall performance.

« non-negligible improvement of S/B for certain measurements
might be obtainable - esp. QCD backgrounds

. Thereisasizeablereduction in L ...hence, polarizing one beam
now is not compelling
. However, this might not be thewhole story
« physics opportunities should continueto be explored

o If it werepossibleto polarize both the p and the p beams, without
sizeable negative effects on luminosity, the S/B issues and distinct
EW physics opportunities might arise.
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Detector Requirements;

J. Womersley, Fermilab
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detector issues

- tev_2000
The real questions...are detector/collaboration(s)

guestions.
 watch out. Thetechnical problems are probably solvable.

« thefiscal, organizational, sociological, and political issues may be

much harder!

. how many upgrades start out at one level and then evolveinto
something much more ambitious? this situation may not tolerate that.

. therewas no effort to consider the 1 detector or 2 detector or staged
detectorsor any of the other obvious conflictsthat result when a
calendar is mapped onto this project!

In most instances this workshop was a joint CDF/DO effort.
This level of cooperation may have to continue in order to
achieve the physics goals

= Ask yourselves: could the physics be more important
than either CDF or DO? If you haven’t already, you will find
yourself confronting difficult issues like this in discussing

detector upgrades for tev33! having said that, I'll ignore it.
Chi p Brock tev_2000 Wor kshop 5/23/96 4:46 PM




e quick summary e

- tev_2000
high luminosity will be challenging...not crippling
. tracking and vertex tagging appear to be feasible based on current

experience and sensible extrapolationsin avariety of worldwide
scenarios

. efficiencies250% and mistag rates< 1% seem reasonable

existing calorimeter resolutions and acceptance seems sufficient

lepton isolation will degrade in the high luminosity
environment...how much?

muon performance of existing detectorswill likely be sufficient
« increased backgrounds seem inevitable and that will affect triggering

early looks at triggering capabilities suggest a match with the
physics menu. Again, multipleinteractions may surprise...

» Offline processing will likely be capable with some 21st century
extrapolation
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detector issues
- tev 2000

The detector challenges are significant...solutions
are consistent with an evolving accelerator.

o calorimeter

« EM: isolated electrons| n| < 2.5 - hard with pileup?
soft electron b tags
isolated electron triggering py > 15-20 GeV/c
resolution ~ 15%/ VE adequate

. Had: Id & measurejets
missing E;
0.1x0.1 segmentation adequate
resolution ~ 70%/ VE adequate
triggering on jetsand missing E;

. tracking magnetic, 3D tracking
SVXn disp. vertices | n| ~ 2 with CDF performance @ 10%

e MUONS id & measur e soft muon b tags
isolated u trigger, <25, p; >15-20 GeV/c
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detector, cont.
- tev 2000

A TRIGGER CASE STUDY:

» Straw-man trigger system considered:
. threelevel system (1. analog hardware; 2: DSP’s; 3: software)
pre-deter mined bandwidth ceilings - an exercise

« primitives; (isolated electrons; isolated muons; charged
tracks; jets, missing E; ..displaced vertices?)

o | [ 2 | e [ o | e (20

WZ - 1Vv/I(WH) 8k Hz 3. 4kHz 28Hz

ME (4] et s ( SUBHM) 1. 3kHz 1. 3kHz 30Hz

qq t(Ww 2H 15kHz 5. 8kHz 38Hz

t opept ons 7. 2kHz 4. OkHz 50Hz

TOTAL 23. 5kHz 11. 1kHz 145Hz
limt 50k Hz 10- 20kHz 100- 200Hz

o pileup? studiessuggest that MET > 20 GeV still okay with 9
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everyone’s favorite:
- tev_2000
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1 tt event

Chi p Brock

tev_2000 Wor kshop

5/23/96 4:46 PM



+ 9 min bias
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primary conclusions of the workshop

= tev_2000

. Fermilab will bethe Top Quark factory for a decade or more...aswith
other unusual quarks, the beginning of many decades of work and
surprises. It isessential that this opportunity berealized.

« Speculation that there may be a “luminosity threshold” for the
discovery of alight Higgs scalar appearsto beborneout... 5- 25 fb-1
level. Morework isstill required.

ea strategy for confirmng and realizing this threshold
necessary. this workshop?

« A Tevatron program can either discover supersymmetry, or severely
constrain it. Actual discovery potential still requires more work.

« High luminosity conditions ar e still not adequately under stood asthey
effect detector performance. Better under standing, including a
serious R& D program seemscritical.

« Thephysicsoverall istantalizing...ssmply waiting for LHC isunwise.
Maximizing the physicsreturn of the Tevatron isan effort which
ought to be vigorously pursued with management, accelerator, and
user participation.
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where are there some common themes?

- tev_2000
there seem to me to be a few important correlations

« We ought to be as confident as possible that we under stand them

« W plusheavy flavor - recursin almost all topics. efficiencies,
rej ection, geometrical acceptance, pattern recognition in b-detection
make or break much of this

. lepton acceptance and efficiency - not really emphasized, but figures
Into many issues, not the least of which isthe pdf uncertainty in My,.
Arethe detection efficiencies and the tracking and vertexing
capabilities of the upgraded detectors completely under stood?

« QCD uncertaintiesand jet scaleissues. An all-out attack on thiswill
berequired - everyone knowsthat. However, the degree to which one
physicstopic scratchesthe back of another physicstopic (horrible
metaphor...) ought to be well under stood.

. Isthere substantive benefit to pp - induced global EW fitting (Myy, Iy,
Ars: Ay, My, ...)? A modest program could be imagined which
parallels much of the broader (highly correlated) L EP global fitting...

« pileup. Thereisa nervous calm about the effects of overlapping
eventsin many of thetopics. Hasthisreally been understood?
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sentiments of the editors/organizors:

= tev_2000
think of the physics themes:

Top and electroweak physics, symmetry breaking,
generational mixing among quarks and leptons, 2P in s, b,
and t (?) systems, spectroscopy and rare decays in s, ¢, b,

and t systems, hadronic structure in high and low p;
regimes, and the Zoo.

Thefermilal complexis guaranteed;to,
significantly impact eagh ofithese areas:
from the collider to thefixed target areato the oscillation program,

thiswonderful facility can continue a vigor ous and compr ehensive
program, wholly and efficiently within the scope of the US bor ders.
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We have outlined here a program of research specifically for the
Tevatron collider at Fermilab. It isrich in guaranteed physics (top,
IVB), surprising in its reach to the next level (SUSY, Higgs,
exotics), fertile in the different configurations which are feasible,
stimulating to continued R&D in_ accelerator and detector
technologies, and stable as a platform for the far future of high
energy physics (ultra-high energy pp or pp, and e*e linear collider, or a
u- collider). Much work still remains to be done, but we hope that
those who have not considered the evolutionary opportunities at the
Fermilab complex will begin to look deeper with us. We urge our
colleagues, the Fermilab management, the Department of Energy, the
National Science Foundation, and members of Congress to take
seriously a Physics Program for the United States which builds on the
significant investment of millions of dollars and thousands of physicist-
years to continue to Follow the Physics.
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