Perspectives of OCD at Fermilab

Fermilab: Tevatron, CDF, DO, MIPP, BTeV

Comments on QCD in Hadron Collisions
Run II Results: CDF and DO (from hard to soft)

The Future of QCD at the Tevatron
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Mike Albrow

Tevatron Run Il Performance

Need to average 17.9 pbt/week :
Meed to-average 2 pb-liweek .y -

340 pb~-1

97% of Design Goal
at -

89% threugh-the Fiscal Year

=YD4 Design
=04 Daaign with Phar Tax

———FF[4 Baza wiih Prar Tax

150 L]
Daya Sinos Qricbar 1

Best peak luminosity =1.03x10** cm™s™
Expect at least 4fb™ by Summer 2009
8fb™ appears possible

Total Run II
~ 440 pb”-1
on tape per
experiment
so far
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CDF Detectors

em + had cals, muons END WALL
HADRON

Time-of-Flight Detector ! ' CAL.
|

EMD PLLIG EM CALCRIMETER
ERDPLUG HADRON CALCRME =R

-+
-
il _..--!I'
1

o j%';“‘ . | 77 BEYOND 2 deg:
5 \ : 2. 3.0 m Luminosity Counters
sSVX |l — INTERMEDIATE

5 LAYERS SILICON LAYERS Beam Shower Counters
Roman Pots

:—
4]

MiniPlugs

Possible mini-upgrades for diffractive physics:
Precision roman pots on both beams
Fully instrument very forward region (< 3 deg)
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D0 Detector

Tracking (incl. muons)
+ L.A. Calorimeter

For Run II added:

Solenoidal field

Silicon tracking
Scintillating fiber tracking
Roman pots with fibers

muon system

Possible mini-upgrade:
Roman pots beyond dipoles
on both beams
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MIPP: Main Injector Particle Production

MIPP

Main Injector Particle Production Experiment {[FNAL-E307)

n, K, p beams

Horizental cut pkns TG Top

o

5GeV > 120 Gev [ —
H, Be, .. Ag targets [T

Particle production
Scaling Laws
Non-perturbative QCD

Multi-particle Spectrometer:

Drift Chambers, TPC, Magnet, Neiatfad Ealaringaiar
TOF, Cerenkov, RICH

Neutral Calorimeter ... starting now
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BTeV: B Physics at the Tevatron 2000 >

Primary mOtivation: Ring I:?'.-:lr..li.nm
CP-violation and mixing in
b- and c-sectors

But good QCD capability.

Excellent tracking, vertexing, sfcon Siips

particle ID, e, v, 1 m ‘

Piaed Derge:mrs Caloimeler

Electromagnelic

14 |

12 b

Pr

18 —
Distribution | --a885: " Could add: hadron calorimeter for jets,
of - c1ioHge s veto counters for gaps,
tructed ! . a o . .
o roman pots for diffraction ...

\ Beam is at 7.5
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The REAL Strong Interaction
 — E—

extended, strong coupling point-like, weak coupling
non-perturbative perturbative

Many approaches, none complete:

—> Lattice Gauge Theory
Small volume, hadron size

= Regge Theory: Analyticity +
Unitarity + Crossing Symmetry

+ Complex angular momenta

—> String models, etc.

Want a complete understanding of S.I. |[Q°=0 — oo

Non-perturbative — perturbative transition
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Bjorken: Low pT is the frontier of OCD

As pT drops from 200 = 100 > 50 MeV what happens?
Larger distances: 1 f = 4 fm
How do gluon fields 1n protons “cut off” ?

Multiplicity distributions of very low pT particles, correlations, ...
Low-pT cloud 1n special events, new phenomena ...

Run with reduced field, Si-only tracking, etc

Large impact parameter, b, collisions

RHIC AA can measure b, how can we? Diffraction at small t, n_ass?
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OCD Event Generators (Monte Carlo) : example PYTHIA

Torbjorn Sjostrand et al. hep-ph/0308153
http://www.thep.lu.se/~torbjorn/Pythia.html

N : : : LUND
Collisions producing hadrons all involve non-perturbative phenomena UNIVERSITY

and cannot be accurately calculated. Resort to “QCD-based” models
where necessary, analytic where possible. (e+e-, € p, p p)

—> Parton distributions in beam particles with scaling violations
—> Initial and final state parton showers

—> Hard sub-processes

- Beam remnants and “underlying event” Non-Perturbative.

- Parton fragmentation and hadron decays [T IINT

[}1 !'}1-}1"1 -ﬂ-- LY
o
"
&y, Spcctator partons / ULLE
b

Incoming Hard Parton
Hadrons Interaction Shower
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High E T Jets
go oq and qq hard scattering

CDF event display

em + had calorimeter drift chamber tracks

hﬂ :':"\_

Ter

“parton jet
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Jet ET and Di-Jet Mass Spectra

CDF Run Il Preliminary
Integrated L =177 |:n|::'1
0.1 < npgl < 0.7

JetClu Cone R=0.7

% D@ Run Il preliminary

+
4 -1
**+ —— D@ Data, L= 143 pb

E-dn (nkHGeV)

NLO (JETRAD) CTEQEM -
HHF =12 U=N,=0Ep,

wdoldM | =, pb/GeV
I

= Run Il Data
[] +/- Systematic Uncertainty \_\
= NLO pQCD Uncartainty (CTEQ 6.1)
10'3|||||||||||||||||||||||||||
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200 400 600 B0OD 1000 1200 1400
M,, GeVi?®
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0.1 = g, = 0.7
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I ST R W
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I:l Sy=tematic Uncertainty

s L0 pOCD Uneertanty (CTED 6.1) -1
: —=d=2.10"cm

k3 LD

=k

o ratio (DataiC TEQE 1)

=]

400 500 600
Inclusive Jet E. (GeV)
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More on Jets ...

Angular (or y) distributions
well fit (log scale!) ... but
y = 2.4 still “central”

Below 50 GeV mostly gg (at y=0)
Above 400 GeV mostly g-gbar

Can study g and q fragmentation

% 0’ D@ Run Il preliminary
= c C
% = D@ data, Cone R=0.7 o i subprocesses for central
2 10’k o |y[<05 5 08 | inclusive jet cross section
= F n 15<|y[<2.0 2 i
4710 ,;_ s 20<|y|<24 - 0.6 — qq
Z E — NLO (JETRAD) CTEQBM S 04 "
:% 1 ;E Reep=1.3, U =pg = 0.5 p7** (—g . gq
= o 0.2
10" & =
\s=1.96TeV & 0
2 Y—
10° & L. =143 pb 200 400 600 800
10° - transverse jet momentum / GeV
E l l l

1 1 1 1 1 I 1 1
500 600
pr [GeV/c]

1 I 1 1 1 I 1 1 1 1 1 1 L1 1
100 200 300 400
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Differences between Quark and Gluon Jets

CDF: Integrate pT in cone, fraction out to r of max R = 0.7
Gluon jets are wider than quark jets

Integrated Jet shape

CDF Run Il Preliminary

[ W CDF DATA

37 € PP < 45 GaY

CDF Run Il Preliminary
0.1 <17 < 0.7

MidPo'nt Algorithm (R=0.7)

@ CDF DATA
— PYTHIATuna A

At “low” ET (~ 40 GeV)
mostly gluon jets (PYTHIA)

At high ET mostly quark jets
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Top Quark Pair Production
(Single top (t+b) production not yet observed — background)

Y

q t tb

q Good test of pQCD at short distances
Sensitive to new phenomena.

Statistics still limiting — much more to come

lepton + jets +MET + b-tag
163 pb-1

1

Top Pair Production Cross Section

CDF

| — it + BKG
[ ===~ {T{HERWIG)
| == BKG (from data)

o)

2

=1
o
o

—
o

Combined

events / 10 GeV

L LR LA L R L
slgnal fraction

s

Dilepton: Combi ed\

Lepton+Jets: Vertex

|: Cacciari et al. (hep-ph/6303085), m—175 GeV/ic’

2.
0
‘
J
‘
2
)

CDF Run 1 CDF Run 2 Preliminary

o
]

2
=170 GeV/ie |

s
=17 5 GeVl!

i =180 G"V/CI
. s

Leading jet Er (GeV) 18060 1850 1900 1950

2000
\s (GeV)
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Top Backerounds in D0 (lepton + MET + jets

1 b-tagged jet 2 b-tagged jets

DO Run IT preliminary DO Run II preliminary

EVENTS
Per BIN

5 fop
|
. IT-.I+EI5

lepton + MET + 4 jets 1s clean with 1 or 2 b-tagged jets
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W are very clean at the Tevatron

CDOF Runll Preliminary

=
=

®Data Electrons 1.1<|n|<2.8
J L dt = 64 pb’1 10461 W — e v Candidates

o W
o=
=

Mar 2002 Jan 2003 I:IS“'“
W — ev (MC)

D{;}[:D Bkg
[ Jw - v ey

I-\_\l
=
=

Events/2.5GeV/c?

=]
=
=

120 140
M, W(GeVic’)

M, = Invariant mass of lepton + ¢,
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Z are very clean at the Tevatron

2 “isolated” em showers > 25 GeV
with matching tracks
(central-central & central-plug)

pT(Z) agrees with MC

=DF Run Il Preliminary

“©500 |
- s« Z »ee DATA (¢242}
CDF Run Il Prelimina

[
5’.“““ 0F —ee MC

I i
L dt =72.0 pb

IL&t-?t.:rpb"

o
@
2
g
a

a £ — ez DATA
il

305660 70 80 90 ,100 110 120 130
M,. (GeVic)

oB(Z —e'e”) =[256.3 £ 3.9 (stat) + 5.3 (sys) + 15.3 (lum)] pb
=06(Z)=7.6£05nb = ~15s"

Theory (e.g.W.J.Stirling et al.) [250.5 +3.8] pb
Uncertainty mostly from pdf's
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W and Z Cross Sections

s-dependence well fit by theory
(NLO production diagrams, pdf’s and their evolution)

GEBriw —lv)

GBr 71" .
{ CDF (630) I CDF I (1]
busio § oeorie

.'Jn'-C"l'-'.':'.' CUFVEST

Martin, Roberis, Stirling, Thome { A2 () { DO (e

T | T T T T T T T T T T T T T T T | T T T | T
0.8 I . . : | .=

T
E., (TeV)
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W-Production and Decay

Angular (rapidity) distribution of (charge tagged) lepton
1s sensitive to pdf’s and u,d quark differences

=
=]

CDF-Il Preliminary, 170 pb .
25 < E‘; < 35 GeV

=
ks

CDF now able to tag some forward
(~12 deg) electrons using vertex,
silicon and shower position.

=]

Corrected Asymmetry
- =

RESBOS CTEQ6.1M
{F. Landry, R. Brack, P.M. Nadalsky, C.P. Yuan,

Phys.Rev.D67:073016,2003)
40 extreme pdfsets

C-OF Fun Il Prellminary
Woav 4= njats, 127 pb'
¥ corDms
wf ggwi. w o of Joi Enengy “Seale 2l
Moty Rell A E (218 Gl rig 241
i LOOCD ppeaMi Alpgen E
6 LOOCD ppem=pys’ Alpgen

=
[

_CDF-II Preliminary, 170 pb i

35 < E‘“’T«: 45 GeV

=
)

)
L
c
o
0
]
g
o

—e
=
Corrected Asymmetry
=
o

=]

RESBOS CTEQ6.1M
{F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,

Phys.Rev.D67:073016,2003)
40 extreme pdfsets

Alpgen + HERWIG = Nl.']’mber Of]ets
| i with W agrees
0 1 2 3

Jet Multiplicity (= n jets) with MC (Alpgen)
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Au-channel

q

Mike Albrow

Number of Events [ 7 GeV

Cl

-
=

-
=
T

=y
T

W,Z + high pT photon

Bipt-chammel

inner Bremsstrahlung

CDF Run 2 Preliminary 202 /pb CDF Run 2

el data 259 events
Wy— by MC + BG  _
QCD + Zy + tvy ]

Preliminary 202/pb
Sl e e et i s

I-H

# 05 candidates

T T TTTTT]

Zv + TV : ZT—‘: I ¥ MC + BG

™Y

Jet— v BG

I="E'"I LR 22 = 2.8 HE Y PR O S I 0]

=
L=

10 20 30

10 20 30 40 50 60 70O
Photon E ; (GeV)
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WW Production (also WZ, ZZ)

Missing Transverse Energy

iH

COF Nl Praliminary 200 pb’

Ewants 20 Gal
]

¥ Ii2
i {
I,

_'-.-.- _-'
R
=g

i
L e " o r r w L L

Campbell & Ellis 1999

A Lk I I A Lk
o0 o W N B WM O W O E N
MET [Gel

CDF (pb)
a{WW) (e,u) 14.3+5.6(stat)-4.9(stat)t1.6(sys)20.9(lum)
a(WW) (I+track) 19.415.1(stat)t3.5(sys)t1.2{lum)
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Photon-Photon Mass Spectrum
qq (X?) — vy

CDF Run Il preliminary DO: highest M, =436 GeV!

-1
s CDF Il Data (207 pb) =
i o Pythia Tune A (4.9 fb) ]

(pb/GeVic?)

x 2.21 =

TH e tnalE - 1v 11
s H

_do/dm_
3 n

-

O
S %um
Q QQ?Q;
o Pdup o
. 12 © oo
Ef'> 14 GeV, EY > 13 GeV
"% < 0.9

]

Diphoton RS Graviton Search

5 CDF Run Il Preliminary, 345 pb'1
-,

¢

Y

S I
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Looser cuts to search for “bumps” ! l

-IIIII|IIIIIIIIIIIIIIIII LA 1 iy |
40 60 80 100 120 140 160 180 200
m(yy) (GeV/c’)
Mike Albrow QCD at Cosmic Energies Erice September 2004 23




Photon + Heavy Flavor Production

=1
el
TTT

Mass of particles on 2ry vertex

24 GeV

Fraction /

Charm and

D
o

CDF Run 2 Preliminary ]

CDF Run 2 Preliminary |

I L =66.7 pb’ I L=66.7 pb’

——LO (Pythia CTEQSL) | ——LO (Pythia CTEQ5L) |

Photon + b cross-section (pb)

50|

0 : L L L L L L ] | | L 1 1 1
25 30 35 40 45 50 55 60 45 50 55 60
Photon Et (GeV) Photon Et (GeV)
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* Data
“  MC (Pythia)
—7'” Syst P scale

Fraction { 0.24 GeV

jet (arbitrary units)

dN/N b

P |-
2 3 4 5 6
Secondary vertex mass (GeV)

0.1<|y|<0.7
MidPoint jet R zope = 0.7

Secondary vertex,

mass of s.v. tracks 60 80 100 120 140 160 180 200 220 240
Corrected Pt (GeV)
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B-Bbar Dijet Mass Distribution

Two secondary vertex tagged jets

Tagging efficiency ~ 20%/jet H(130) — bb ~ 0.05 events!

251 events in 32 pb”-1

Raw Differential Cross Section

CDF Run Il Preliminary (Ys = 1.96TeV)
(stat. errors only)

—— Data
B Fthia CTEC 5

ma

-

11 L1 1 1 I L1 1 1 I L1 1 | I L1 1 1 I L1 11 I L1 1 1 I L1 1 1 I L1 1 1 I | I |
70 80 90 100 110 120 130 140 150 160
Di-Jet Invariant Mass (GeV)

Q—

Mike Albrow QCD at Cosmic Energies

CP-odd h(40) ?

o(h,,) BR(bb) ~ 14 tb
But S/B ~ 0.01(?)
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J/psi and B-hadron Production [40pp"1] > 7

x [ata with total uncertainties

Js=1960Gev - J/\lj
|YJ/V/|<O'6 ; /

—
Jhy from B

—r—r—r——r—r—r—r——r—r—r—
» Data with total uncertainties 3

—— FOMLL theoretizal prediction |

===== Theoretizal uncertainty

daidp,(Jhy) . BridAy—uu) nb/(GeVic)

From B

PR I TR T
10
p(JIy) GeVic

10"L @ CCF Run Il Indusive Hy—Jhy X, /s = 1960 GV B_hadrons - & Data with total uncertaintiss :!

E W COF Run | B, s = 1800 GV

;mﬁt # (RunIlvsI
; L (trigger!)

— FORLL thecratical pradiclion
=== Thearelical uncertzinty '!

: Mg ]
- gt ]
10‘- iqu! i

F "}‘5‘4-% FO-NLL

pr(H, ) GeVic hep/ph—()3 12132

daldp(H,) . B} nb.(GeVic)™
daldpq(H) Nk Gelic)

[ [H06
MEEE B B

b
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Rare Charmless B decays
Penguin diagram By >7n'm

CDF Run Il Preliminary L=195 pb™! al CDF Run 2 Preliminary, L=180 bf
B, 0K" N, = 60 £ 10
Sl S/B =33

3]
=l
en

- NN
o
]
(=]
9

— By K

B.—> KK
— E._.‘}ﬂﬂ
— B, 7K ]

|
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W
o
=
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=
n
-
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2
=
L4
=
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—
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T 7
-l O ]
L+ ] = En

o
o

Pl
4]

! : I I
5.6
M, [GeV/C’]

BR (B; — K" ¢)=1.1x10" BR(B! ->n'n) = 5x10°

o

51 B2 53 54 55 BE bBF &5A

7t Moss [GeY/¢™)
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First Observation By — ¢¢
Another ...

CDF Runll Preliminary L =170 +10 phk”’

b T
=
=i
i
=
1]
-
L

£.8 &
m, [Gel ."c:l_l

BR(B, — ¢¢) =[1.4+0.6(stat) £ 0.2(syst) = 0.5(BRs)]x10~
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Charmed Hadrons

CDF Run Il preliminary 193pb'1 CDF Run Il prellminary 1!;‘3pb'1
D* - K+

Two Track Trigger

tight cuts

2
2

D* - ot

Two Track Trigger
tight cuts

Entrles per 1 MeV/c
]
[=]
=2
[=]

Entrles per 1 MeV/c

0
1.9 1:9 5 . . . . 1.95 22
miK 1) (GeVic’) mi{rntr) (GeVic’)

D' - ot

Two Track Trigger
sideband subtracted

tight cuts

~—
[1]
o
k-
[
s
—~
B
=
a
E

Charm spectroscopy
Production mechanisms
(correlations)

25 3
m2n ) (GeV /e’
Not corrected for acceptance

http://www-cdf.fnal.gov/physics/new/bottom/040422.dplus/
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Central Exclusive Production

... or, diffractive excitation of the vacuum

“It is contrary to reason to say that there is a vacuum

or a space in which there is absolutely nothing.”
Descartes

—> Virtual states in the vacuum can be promoted to real states
by the glancing passage of two particles.

Charged lepton (or q) pairs : 2-photon exchange

Hadronic states : 2-pomeron exchange (DPE) dominates
Vacuum quantum number exchange.
Central states’ quantum numbers restricted.

Measure forward p,pbar =2 missing mass, Q-nos.

Ideal for Glueball, Hybrid spectroscopy
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Hadron Spectroscopy: an example

X(3872) discovered by Belle (2003)
Seen soon after by CDF
Relatively narrow

MX<3872)' MW -2M_= 495 MeV
I'<3.5MeV

What are its quantum numbers?
Why so narrow? What 1s 1t?

DD’ "molecule" ? or [{cd} < {cd}]state ?

Jhyrtn Mass (GeVic?)

, , PRL 93, 072001 (2004)
If we see 1n exclusive DPE:

0"0"™ = favored .
I°J" DPE) o0 01 01" — notat0° 21180, cross-section depends

s _ on ‘‘size/structure” of state.
0"2™ = not qq
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Gluonia and Glueballs

Hadrons G without valence quarks
Allowed in QCD - or, 1f not, why not ?
Some can mix with ({ mesons

Some have exotic quantum numbers and cannot J* =0, even™, odd ™"
Glue-glue collider 1deal for production (allowed states singly,

others in association GG’, G + mesons.)

Forward pp selects exclusive state, kinematics filters Q.Nos :

Forward protons: J* =2" exclusive state cannot be non-relativistic qq (J, =0 rule)

Exclusive central states e.g. ¢¢ — 4K, anKK, DD’, AA, etc

np—[pg] +n
Other processes: |J/¥—=7+G

pp (low \/s) — G + anything
This one = |88 = G, GG, Gtanything

e e >J/w,Y+G

Mike Albrow QCD at Cosmic Energies
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Use Tevatron as Tagged Glue-Glue Collider

1/sgg =~1GeV = ~100 GeV

G~ 100 MeV| «—— (Stretch Goal)

Glueballs and Hybrids
New Exotic Hadrons
chi ¢ and chi b states
Hunting strange exotic animals (radions, ...?

EVGI'yWhCI‘eZ Gluodynamics, perturbative and non-perturbative issues

Like yy collider in LC
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Very Forward: Roman Pots

DO has 8+8 quadrupole spectrometer pots + 2 dipole spectrometer pots
Scintillating fiber hodoscopes

CDF has 3 dipole spectrometer pots
0.8 mm x-y fibers

20 gl S |
Possible: Quads + near + far dipoles / o o )
F

iber

Silicon ustrips, pixels, trig scint B [Tracker

Detail

Quartz Cerenkov for ~ 30 ps TOF
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Central Exclusive Production

gg fusion: main channel for H production.

Another g-exchange can cancel color, even leave p intact.
pp2?p + H + p

Theoretical uncertainties in cross section, involving skewed

gluon distributions, gluon k T, gluon radiation, Sudakov ff etc.

> Probably o(SMH) ~ 1 fb at Tevatron, not detectable, but

may be possible at LHC (higher L and ~ 40 {b?)

Theory can be tested, low x gluonic

features of proton measured with

exclusive yy, x> and . production.

u-loop:yy c-loop:y.
b-loop:y, tloop:H
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Exclusive x_ search: pp —=>p 1.

Predictions for Tevatron ~ 600 nb (~ 20 Hz!)

In reality: BR(y. — J/y y — pn'ny)

X no other interaction X acceptance(trig)
= few pb (1000'sin1fb™)

o(p
X(B]
100x Acceptance / fb”

>~

{Measuring forward p = central quantum numbers

p—>p X, p)~120pb(KMR)
R = Ty)X(BR — upy) =

3 32 34 38 3B 4
DI-muon + photan Invadant mass {Gay)

GTP _ntn+
2+ forbidden at t=0 for ¢q state} =00
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Exclusive Dijets?

Meaningpp =2 p JJ p and practically nothing else
See antiproton in roman pots, see rap gap on other side.
CDF Run I discovery {JJX} (130/~10 bg) ... Run II trigger:

CDF Run Il Preliminary

Shg Prescale 2600
OFE = 50 =+ GAF, (5.5, <7 5) (Frescae 3]
ORE = EDr-r GAR N I3--1'||“.-» T.5) (Presca’e 5)

. SD_+ GAP,
P
__sD_
B

-
=
o

[] Energy $cale Uncertainty

L =26 pb”
—> Exclugi
+ Regio

Leading Jet
SD_:0.02 < E_.; < 0.1

Dijet Mass Fraction

1' SD_:0.03 < &< 0.1
1
H_I{ E¥ 5 10 Gev
e almA | v A BT R —
20 40 B0 80 .

100 120 140 . 0.4
et
El (GeV)

w3
<
=
L
m
o
o
@
=
o
.
u
]
c
@
-
w
it

=

So far: upper limit ~ theoretical expectations
Expect enhancement rather than peak
They should all be gluon jets ! Unique sample

Mike Albrow QCD at Cosmic Energies Erice September 2004 38



Central Exclusive Production at LHC

H(160) > W'W" —>p e'u ¢, p
MM =(p, + p, - p,—p,)  =M;,

Nothing else on 2-lepton vertex!
C

/

+ White Pomeron search

Also H(120) > 777~
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pos . [ c.2. A.R.White hep-ph/0405190
T he Wh lte P omeron Sextet Quark Physics at the Tevatron?

Alan White: Pomeron = reggeized gluon + cloud of wee gluons.

Asymptotic freedom = 16 color triplet q’s Only 6 known

AHA! 1 color sextet Q counts 5 x 1 color triplet
ud}+{cs}+{tb}  + {UD} > AF
I1=UD etcn, ....EWSB, role of Higgs

Can be dark matter (N = DDU ~ TeV)
Pomeron couples strongly to WW through U,D loops
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Two interesting Run Il events (2 / ~5)

pT > 0.4 GeV/c

\

t_51.47 GeV

Probable Z.Z ee MET (WW or Z27)
4e > 20 GeV. 2 tracks with y <1
~T70 tracks & y<1: 34 & very low forward activity

Fluctuation? High-b? Diffractive?
MC + more data
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BFKL and Mueller-Navelet Jets

Color singlet (IP) exchange between quarks

Enhancement over 1g exchange — multiRegge gluon ladder
Jets with large y separation

n minijets in between (inelastic case)

large gap 1n between (elastic case)

[0}
. Ry
Cross section enhanced (—j

4

AN In2
AN 2 ~0.5fora, =0.19

Wprxy =

Measure tn(n, p-, Js , An)

Fundamental empirical probe of new regime:
non-perturbative QCD at short distances.

Very forward calorimeters OS
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Probing Very Small x Gluons 8

High parton densities

New phenomena (gluon saturation)
HERA measures q(x) to ~ 107-5
g(x) by evolution, charm

GTeV : measure g(x) to ~ 10"-4 - R

(also x >~ 0.5) more directly Z
o 2_500 GeV? [] total uncert.
B exp. uncert.

ZEUS NLO-QCD Fit

x4 =&(ey‘ +ey2) X, =P (e_y1 +e‘y2) et 2001

Vs Js
e.g./s=1960 GeV, p.=5GeV, y,=y,=4(2.1°)
-  x,=0.56, x, =10""
Instrument 0.5° <8 <3° region with tracking,

calorimetry (em-+had), muons, J /¥
jets, photons ...

Very forward calorimeters SS
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Colliders study (mostly) Central Region

Jim Pinfold

Collider physics measurement T hoame
emPhCISiS: : s 5|i<|rl{[;_;¥ e ]
- High Transverse energy
« Jets
Leptons
Leptonic secondaries

Missing energy

Cosmic EAS measurements

involve primarily:
Total/inelastic cross-section ~ CMS/ATLAS
Fraction of diffractive dissoc. g 7L, DR
Energy flow E o

Particle multiplicity
distributions

CMSTOTEM Castor

Hadronic secondaries

pseudorapidity n
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Forward “Cone” Spectrometer for CDF?
0.5°<0<3" = 3.6<n<49

Now: luminosity counters + 1.1 interaction length calorimeter

Possible upgrade:

=<
c

o

-
Ln
=
©
o
S5 .

—> Tracking (in mag field)
—> electrons & photons

—> hadron calorimetry — jets
-> muons

&)

2up|oed] UOdIIS
=
I

200 400 600 800 1000
Tracking Calorimeter Z (cm)

Could be done if sufficiently motivated (and funded!)
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What do we need to do?

High ET , M , frontier Gain slow, LHC take-over

Lower p, = large distances Low B runs, roman pots at small t

More statistics - but precision tests limited

e.g. B, =bc + v's spectroscopy C

understand jets, for jet spectroscopy = t,H
WW and ZZ pairs LHC take-over
Diffractive sector, especially:

DPE (G, hybrids, hyperons, ¥, jets, b-jets)

Very forward production
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The Future of OCD at the Tevatron

Workshop May 2004: http://conferences.tnal.gov/qcdws/

Very active program will continue = > 10 x statistics
CDF and DO detectors stop detecting in 2009 (probably)

Before:

Could add precision (Si) roman pots on both sides

Could upgrade CDF very forward (cone spectrometers)
Special running: root s-scan (630 — 1960), low B-field run

BTeV: Supplement B-physics program with more QCD studies:
+ roman pots, hadron calorimeter, veto (rap-gap) counters, + ?

Plan: “Yellow Book” on physics 1ssues (cf LHC, HERA etc)
Fred Olness, Mark Strikman, MGA eds
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