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# QCD Physics at Tevatron

High P OCD

Jet production (g and uds)

Heavy flavor quark production (t, b, C) — Michael Weber (1), Friday Talk? (b, c?)
Vector boson production (W, Z, y) — Pasha Murat

Low P- QCD

Jet fragmentation

Hadron spectroscopy

Underlying Event

Diffractive physicS — Konstantin Goulianos

Andrey Korytov, University of Florida Aspen, February 14, 2005
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“calorimeter jet

“parton jet” “particle jet”

Andrey Korytov, University of Florida

ets: concept is vague...

auil]

Calorimeter level:

calorimeter towers lumped together
according to an experimentalist’s
favored algorithm

Hadron level:

sprays of long lived observable
particles

Parton level 2 (resummed pQCD):

outgoing parton accompanied by a
few soft QCD bremsstrahlung

Parton level 1 (NLO pQCD at Tevatron):

outgoing 1 parton or 2 partons
lumped together to mimic a
particular experimental jet finding
algorithm

Aspen, February 14, 2005




Jets: jet finding algorithms

o G
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Cone Algorithm:
O cluster together calorimeter towers by
4 their “angular” proximity in (n, ¢) space
O merging/splitting of overlapping cones is
not infrared stable (at NNLO)
Q ad hoc R¢,=1.3 to match theory and exp.
a

Tevatron Run | legacy

MidPoint Cone Algorithm:

O cone algorithm with modifications
improving infrared stability

k: Algorithm:
O cluster together calorimeter towers by
their k; proximity
O infrared stable (no splitting/merging)
O no clusters left out = underlying event
|

contribution unclear
favored choice at e+e- colliders
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Jets: jet energy measurements
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. . SE; 70%
- ~ @ 6%
Jet Energy Resolution (stochastic): E E (GeV) 0
' . 25 ~ 5%
Absolute Scale Uncertainty (systematic): ¢
:
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L .
= Jets: theory

4 Very large number of diagrams to tackle...
 NLO calculations available...

* but still very sensitive to scale choices...

* NNLO “soon to become available” for many years...
O Uncertainties in Parton Density Functions (PDFs)

» especially g(x) at large x...

2.0 T I |
gluon at Q = 3.16 GeV
2 1of I
. AT _
S il
’_ Big residual uncertainty i i
;—_)‘E)r gluon PDF at high x \ _
AT RO
Sample of LO diagr‘ams (2 -> 2) %ot 0® 0102 .0 .1x 2 3 .4 5.86.78.91
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s Inclusive jet production

p+p— Jet(E;,n)

E, spectra
different n-bins...

I
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Jets: Inclusive jets in Run |

Run | data and NLO+CTEQ3M

d CDF: Excess at high E;?
0 Compositness?

=>
>
g CDF Preliminary
10 ® 1994-95
1992-93
' NLO QCD prediction (EKS)
w0’ cteqdm p=E/2 R, =1.3
IO‘E.
Ill-a
IO-‘
10° Statistical Errors Only
75 :
NLO QCD CTEQ3M scale Et/2 q
) |

Run | data and NLO+CTEQG6M
Q CTEQS:

* New Data: H1, ZEUS, DO (vs. n!), CDF
* New methods: Systematic errors included

e New features: Errors are available

U no excess, anymore...

Transverse Energy (GeV)

L
Aspen, February 14, 2005

Andrey Korytov, University of Florida

100

g (shifted data — theory )ftheory CDF
0.3 CDF inclusive jet
1t
?q_'l 100 2000 300 ELY
Cj. pl [GeV]
£ 001}
g
3
0.0001
L1076} . . . . ]
100 200 300 400 500
pr [GeV]



Jets: Inclusive jets in Run Il data vs NLO
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o 2
Quite reasonable % 13 CDF Run Il Preliminary
agreement with 5, Integrated L = 177 pb™
NLO+CTEQ6.1, but... = o 0.1 < Npgyl < 0.7
W JetClu Cone R= 07
° 10
& . b |
o deja v o, : Run I reach
“high-E; excess” again? 19 : >
Q0 ~20% dip at lower E;? It B & RBmiERe |
(not present in Run ) 10 [ ]+/- Systematic Uncertainty :
_p _ _ 107 & —NLO pQCD Uncertainty (CTEQ B_§1j
QO all within systematic R R R LR RS A A
ST 0 100 200 300 400 500 600
Inclusive Jet E ; (GeV)
v 22F ~
O must beat systematic g 2F-  Integrated L =177 pb’ =
: 1.8 0a<|yy, /<07 =
errors down: % 16F  JeiClu Cone R=0.7 v . E
« Theory: PDFs, NNLO? & 145 ' ¢ =
« Experiment: energy scale, 3 13_ 3
hadronization corrections? o 0.8F =
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o (Run IT) / o (Run I)
D 3.5 I_I T ] L L) ] T -I l.l T 1T T 7T I | B L T ] T 1T 1T 7T [ T 1 1T 1 ] T T T 7T I' T T T 'I_I
= — CDF Run Il Preliminary -
© - ]
% ~ Integrated L = 177 pb™ ]
© 3 —]
% - 0.1 < |Npy| < 0.7 :
t?) — JetClu Cone R=0.7 -
n 2.5— NLO pQCD Uncertainty (CTEQ 6.1) + —
E L o{\s = 1.96 TeV)/ o(Ns = 1.8 TeV) + } ]
O ol ] 3% Energy Scale Uncertalnty t i
1.5 =
L - ]
1 o
| | I | | l I T | I | | N I | I 1 111 | I T | I L1 1 l I I | I

50 100 150 200 250 300 350 400 450
Incluslve Jet E | (GeV)

PDF uncertainties largely cancel out
Energy scale errors are really annoying...

Andrey Korytov, University of Florida Aspen, February 14, 2005

ets: Inclusive jets in Run Il vs Run |

CDF
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0.1 < [Npegl < 0.7

JetClu Cone R=0.7

CDF CDF Run Il Preliminary

Integrated L =177 pvl'.&'1

10
= Runll Data
[ ]+/- Systematic Uncertainty

= NLO pQCD Uncertainty (CTEQ 6.1)
n' ~ 0 200 300 200 500 600
- 5=rrfr[rrrrlrrrrlrrrr['frflr"rg
¢ 455w COFRunIDma, G196 Tey =
0 4= N =
IJ_JM;_ E Systematic Uncertainty _;
E’d 3E- == NLOpOCD Uncertanty (CTEQ 6.1 =
% 255 f | =
e 2t -
155 L o -
5 1—'-911!!:'"""“ :
0 100 200 300 400 500 600
Inclusive Jet E. (GeV)
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ets: Inclusive jets by DO and CDF

§ 10° ——|y| = 0.5, Cona R=0.7
1] = . A
g 2 C DO D S}fstematlc uncerainties
S 10F —NLO (JETRAD) CTEQS.1
f 10 C Re,=1.2, ug =g = 0.5 EP
s E
T C
= 1
5 E
e 4 r
10 E-
= -1
107 & :
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data

W
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K

—e—|y| <05
— Systematics
uncertainties L
[] PDF uncertainties

-1
it = 143 pb

Cone R=0.7

NLO (JETRAD) CTEQG6M

Rsep=1 _3, ’J'F = ]"I'Fl = 0-5 pl;151

1
1 Seno o - 1
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|CDF Run Il Preliminaryl

— 5
= - E Ky D=0.7 - 0.1<|Y|<0.7 K
8 = Systematic Errors T
— 6 E NLO Uncertainties
S E NLO: JETRAD u, =p, = PMAX/2
9 5 E_ No Had. / Und. Event Correction
= 4 = -1
— = L = 145 pb
© =
(=] 2F
1 - @&:‘?'— - —-
(¢ )| TEPEPEP EMEPEPEPE EPEMEPEPE EPEPEPEP EPEPPE BRI B
(o) 100 200 300 400 500 600 70O
P, [GeV/c]
.-.55 L A
54-35_ " CDFRunllData, \§=1.96TeV Cone 3 CDF
E 3.55_ |:| Systematic Uncertainty _%
O 3E- === NLOpQCD Uncertainty (CTEQ 6.1) 3
% 2.5F + =
9 25 E
L 1.5E [ . [ =
| pe—ererre 3
005;_|||||_;|-
0 100 200 300 400 500 600
Inclusive Jet E; (GeV)
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Jets: krvs Cone algorithm

CDF

Why? (work in progress)

Shapes of Data/Theory differ...

13



Jets: dijet production
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p+p—Jet +Jet, + X

What one might want to look at:

Andrey Korytov, University of Florida Aspen, February 14, 2005
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Jets: Dijet production

o G
L 2

<do/dM >, pb/GeV data / theory
- 3.5
mzf_ 4 D@ Run Il preliminary : D@ Run Il preliminary
"** ) 3} NLO (JETRAD) CTEQ8&M T enneae e
10 u _+_}+ —o—DGData,L=143pb ) Rsep=1'3! I‘LH=I‘LF=O'5pT
= ’t} o5 . .
u O NLO (JETRAD) CTEQ8&M - - systematic uncenrtainty
1 'g_ =+'+ Rsep =1.3, e =U = 0.5 P 2 pdf uncer‘ta_irlty E-.-.-.E
1 - ’ L—*'* 2_— TENEEEEEY '
10 o T Fo e meemen s BT T
= statistical _JF_ . sk
10° L errors only _+_ - Posesooie g0, L i @ I
10° _*— Paes se —1 I
3 1 5 P |
10° £ coneR=07.y,/<05 T ---------------- 95 -
F | | | | | | | - coneR=07y[<05 " T
I N L1 L1 I L1 L1 L1 L1 T TR R T T i T T [ T R [ IR R T T
10 200 400 600 800 1000 1200 1400  ° 200 400 600 800 1000 1200 1400
M,,, GeV/c? M, GeV/c®
Look for narrow resonance peaks Data/theory agree—within large
In Dijet Mass spectrum—seen none systematic errors (jet-energy scale)
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# Jets: Dijet Ad,,

5 - L. :
< | DD Run Il preliminary
= = 10 B
let2 let2 é g . D& Run Il data ;‘:‘.
- i i,
= " NLOJET++ et
= 'E---- nwo ot o :
jet3 jet3 — E LO _.;‘2"‘"_.:.‘ -
10k pod
A e CTEQ6.1M o}
P2 Ady, g o
102 : :
jetd 10°L ¥ 2| < O.5. Py oz > 40 GeV
jet1 jet1 : : 75 GeV <py,, < 100 GeV
| 1 I L1 I: I 11 1 | L | |-l

LO in A(I) NLO in A(I) 16 18 2 22 24 26 iqi”et?rad]

e% - DG Run || preliminary
ﬁ 10 3 . D& Run Il data =
'8 g ----- PYTHIAG.218 - default r.:',w
LO is very poor at Ap~n/2 and Ap~n = TE L Cenwicssoo aoma o
NLO fixes Ad~mn/2, but still no good at Adp~w o1l CTEQSL J‘”
o . 107 ;*.' Cov -.: ------ '
Herwig is quite good everywhere T
] 102 ; —————————— : |yjet12| < 0.5, pTJet2>40 GeV
Pythia needs ISR enhancement for Ap~n/2 75 GeV <p; ., <100 GoV
16 T8 2 22 24 2|6 58 3

Aq)duet [rad]
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Jets: three-jet production
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p+p— Jet + Jet, + Jet, + X

Many more variables to play with...

NO surprises... ] CDF Run 1 Data
bt 1 :— a 15 =
0.9 :— :
0.8 ;
0.7 l
6.6 ;4 5
0.5 E— 5l
: 7
04 0.6 I 0‘155 I 0‘|7 I 0‘|75 I 0{8 I 0‘]?5 I 0{9 ‘ 0;5 I }
X
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# QCD Physics at Tevatron

High P QCD

Jets production (gluons and light quarks)
Heavy flavor quark production (t, b, C) — Michael Weber (top), Friday Talk (b)
Vector boson production (W, Z, y) — Pasha Murat

Low P- QCD

Jet fragmentation

Hadron spectroscopy

Underlying event

Diffractive physiCS - Konstantin Goulianos

Andrey Korytov, University of Florida Aspen, February 14, 2005
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CDF Preliminary

30

Jet Fragmentation: intrinsically soft QCD
ribution
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25

DATA (points) vs Herwig/QFL(line)

Mj3=82 GeV (lower set)
Mjg=229 GeV (middle set)
Mj3=628 GeV (upper set)

b

R
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Nk gluon

.
o o0
...

k:=k-sin®

o—%—. gluon transverse momentum
Differential probabilities of gluon emission:
dk dk 20
=T g =
9ln(k; / Ageo )

dw ~ag —
k K
Perturbative methods

will NOT work for k;<1 GeV
THEORY < ANY HOPE?
Aspen, February 14, 2005
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1 GeV 2 GeV

From data we know that

most particles have k<1 GeV

> EXPERIMENT

19
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Jet Fragmentation: doing it analytically

Jet fragmentation in pQCD:

O parton shower development:

resummed NLL approximations
- e.g., MLLA, Modified Leading Log Approximation

with single parameter Qqy=Q.,io=Aqco R~1/
S y
O hadronization: R~1/Q_ ot
no coherent theory R~1/A4~1/m ~1 fm
- LPHD, hypothesis of Local Parton Hadron Duality 4
with one parameter KLPHD:Nhadrons/Npartons
MLLA+LPHD: E%
O cannot describe all details... =
Q but all analytical... T

1 does it work at all?

Andrey Korytov, University of Florida Aspen, February 14, 2005 20



Jet Fragmentation: data vs resummed pQCD
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Charged particles in jets
Two parameter fit:

O Q. = 230+40 MeV = k;-cutoff can be set as low as ~Aqcp
J K pppe)=0.56 £0.10 = number of hadrons = number of partons
5 - - =
4 F Mj=78 GeVicz |- Mj=101 GeV/c2|- Mj=133 GeV/cz| CDF
<IN - =
2F /\ 3 /',\ - /\
1 = = T,
0 A .E-'u N A :.’f‘;. Y
"’ﬁ 4 _ Mj=171 GercE; Mjj=2186 Ge"u'"fczé_ Mj=274 GeV/cz
S 8f 3 /\ 5
© 2 = . —
D L E : 3 5 3 3
EDE....l."’u. :.j...l-"s. b L
4 F Mjj=351 GeV/c2 | Mjj=452 GeV/c2[r Mj=573 GeV/c2
3F - - ¥
2F - =
1E = v E '
- Eort” LV L e B
DD 5 D 5 D 5 X = pparticle
E=log(1/x) E e
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Jet Fragmentation: Gluon vs Quark jets
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Difference of Gluon and Quark jets:
O r =N, q0ns(gluon jet) / N, ons(@uark jet)
O calculations (for partons): various extensions of NLLA (r=1.5-1.7)
O data: 15+ papers from e+e-, not all self-consistent (r =1to 1.5)
0 CDF: r=1.6%£0.2

: \
] LLA &NLLA, r=C ,/C_=2.25 f

— =jet“cone

 Q=E_,0

CDF, E,,= 41 GeV
CDF, E,_ = 53 GeV

1 Gaffrey & Mueller, 1985
{ — — Catani et al., 1992

> ® O O

1 —— Lupia & Ochs, 1998 iy
i Capella et al., 2000 OPAL
10 100

Q, GeV

I
Andrey Korytov, University of Florida Aspen, February 14, 2005
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# QCD Physics at Tevatron

High P QCD

Jets production (gluons and light quarks)
Heavy flavor quark production (t, b, C) — Michael Weber (top), Friday Talk (b)
Vector boson production (W, Z, y) — Pasha Murat

Low P- QCD

Jet fragmentation

Hadron spectroscopy

Underlying event

Diffractive physiCS - Konstantin Goulianos

Andrey Korytov, University of Florida Aspen, February 14, 2005
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Hadrons: A, mass

Tevatron is THE heavy flavor hadron factory (not very clean though...)

Secondary vertex trigger allows to fish them out
World largest sample of A,

CDF Run Il Preliminary 220 pb'1

= 35 Delphi
o - Ao JIy A N(A,)=88.6+10.3
S 30F B Fit Prob: 23.3%
Q - Aleph
= 25 b
© - ‘
5 2F CDF
@ -
E o R CDF Il (thi
0 (this)

* SUIRIRA ST SUA A"

23 5.4 5.5 5.6 5.7 5.8 5.9
2
H World
A, candidate mass [GeV/c ] average

—————

5668. + 16. +
———
5614. £ 21. = 4.

5621.0+4.0+ 3.0

b619.7+12+1.2

5624.0 £9.0

M(A,)=5619+1.2+1.2 MeV/c?

5575 5600 ]6'50 5675

PDG2002: 5624 +9

Andrey Korytov, University of Florida Aspen, February 14, 2005



Hadrons: X(3872)
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Aug 2003: Belle announced discovery of X(3872) - J/y ntn-
0 M=3872.0+0.6 £0.5 MeV
U I'<2.3MeV
0 nr masses are always high (>500 MeV)

Confirmed by CDF, DO, BaBar

Interpretation still remains unclear:
d 3D, charmonium? ccC
* too heavy for it (expected M~3810-3840)
« also, not seen to decay to y,y

Q M(X)~M(D9+M(D*°) = 1864.6 + 2006.7 = 3871 MeV
« DD* molecule? cu-cu

0 Quadra-quark? cu-cu

O M(J/y)+M(p) = 3097+770 = 3867 MeV

o 7?77

Andrey Korytov, University of Florida Aspen, February 14, 2005
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Jt .
s Hadrons: X(3872) at CDF

0 M=3871.3+0.7 £0.4 MeV
O M(nn) invariant masses are all high (>500 MeV)
O high yield:

o ~1/8 of y(2S)

 ~85% are prompt, not B-decays!

3000+

00 CDF 1114007
DD " Threshold «+— 13001
Belle PRL 91, 262001 (2003) 25001 _

[hep-ex/0309032] 1200

11001
20001 1000
CDF Il PRL 93, 072001 (2004)

[hep-ex/0312021]

Candidates/ 5 MeV/c *
o
o
(]

DO | [nep-ex/0405004] 3
10001
; 500 S
BaBar [hep-ex/0406022] J Mw) > 0.5 Gevie?  MA'E) < 0.5 Gevie
1 | 1 1 1 1 | 1 1 1 I 1 1 1 1 I 1 1 1
3865 3870 3875 , 3880 0
X(3872) Mass (MeV/e 7) 3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00

Jhyr'm Mass (GeV/e®)

Andrey Korytov, University of Florida Aspen, February 14, 2005



Hadrons: pentaquarks

o G
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Penta-quark states predicted by

Diakonov, Petrov, Polyakov(1997): spring _4._
®* : uudds o -
Mass ~ 1530 MeV olas2 e
Width ~ 15 MeV o ) o
Decays equally to nK* and pK© o sw
0O Asratyan et al
o | COSY-TOF
o ; ZEUS

P R
1560 1570
Mg (MeV)

Lo A R
1540 1550

L I | L
1510 1520

1530

10 experiments report evidence: see above
3 experiments report no observation: HERA-B, PHENIX, BES

In addition,

NA49 at SPS/CERN (pp collider, Ecm = 17.2 GeV): ssdda(1862) =.7 =" '~

H1 at HERA ep collider: D*- p state: ® =uuddc(3099)

STATISTICAL SIGNIFICANCE VARIES FROM ~4c to ~8c

Andrey Korytov, University of Florida Aspen, February 14, 2005
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Hadrons: E-hyperon track sample at CDF

» CDF developed tracking of long lived hyperons (= and Q) in the SVX detector

| CDFRun Il Preliminary | | CDF Run Il Preliminary |
N LA L L B AL L LN I LI IR EELENLNL No - - - - - r - - 1
§8000: L:220pb'1 A ] % B L~220pb_1 |:’ATC_
] — ] —_ .

A | = track found in SVX + ]

= - = track found in SVX T = 1000 Am
[qV} B (qV}
E 6000 - N=36,000 ] >

4000]

500_— ]
2000 —
547126 128 13 182 134 136 138 O 130 " 1:m 140
M(Ar) [GeVic?] M(AT) [GeVic?]
Two Track Trigger Jet 20 Trigger

Two Track Trigger: N1~ 18 times larger than NA49 data
Jet20 Trigger: N,.0 ~ 2 times larger than NA49 data

Andrey Korytov, University of Florida Aspen, February 14, 2005 28



—— Hadrons: = (1860) is not found at CDF

L 2

CDF Run I Prel.mmary |

[ CDF Run Il Preliminary | |
~ 1500 T L L L L B | o 300 I Tttt
o - t L~220pb" - S L~220 pb = track found in SVX
> [ ]=n+ = track found in SVX % D ET = i1as0r
= [ =x  E(1860) = [ ~ o =(1%60)
= 1000}~ ~ 200 2 .
- i = i
500-:— 100[- EA
f Jet20
Vo is qe 17 i8 1s oz 21 22 Qa5 Te i e 18 2o 21 22
M(Z) [GeV/c?] M(Zn) [GeV/c?]
Channel # of events R(E560/E1530) R(E1560/Z1530) NA49
(TTT) U.L.95% C.L.
Sy 57+/-51 <0.07 ~0.21
Sy -54+/-47 <0.04 ~0.24
Bt 47+/-70 <0.08 ~0.45

Andrey Korytov, University of Florida Aspen, February 14, 2005



Hadrons: Pentaguark Searches

o G
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CDF Collaboration have searched for ®°, 0°, =5,

No evidence for these states have been found

Andrey Korytov, University of Florida Aspen, February 14, 2005

30



# QCD Physics at Tevatron

High P QCD

Jets production (gluons and light quarks)
Heavy flavor quark production (t, b, C) — Michael Weber (top), Friday Talk (b)
Vector boson production (W, Z, y) — Pasha Murat

Low P- QCD

Jet fragmentation

Hadron spectroscopy

Underlying event

Diffractive physiCS - Konstantin Goulianos

Andrey Korytov, University of Florida Aspen, February 14, 2005
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Underlying Event: introductory remarks

Whole Event:
O hard scattered partons
4 final state radiation
O initial state radiation
O multi-parton interactions, if any
O proton remnants

O whole thing is entangled with
color connections...

Underlying Event (UE) =
(whole event) — (hard part), i.e.:
Q -
Q -
O initial state radiation
O multiple parton interactions
O proton remnants

0 not completely independent from
the hard scattering part...

Andrey Korytov, University of Florida Aspen, February 14, 2005

O UE Physics is poorly understood.:

- MC Generators implement UE
differently (many parameters)

- even when tuned to current data,
MC predictions for LHC vary wildly
(factor of 3)

- UE event pollutes many analyses
(source of systematic errors)

32
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Underlying Event: studies with charged tracks
L3 — J

nggr‘n%*et Charged tracks:

—>  “transverse” particles » d?N/d¢dn
~* asaprobe of . d3N/d(|)dndPT

ransverse ransverse the underlyin t
~a ying even

Run IT Charged Particle Density: dN/dnd¢

10.0

E CDF Preliminary = Back-to-Back 30 < ET(jet#1) < 70 GeV
data uncorrected e | eading Jet W

= Min-Bias TIE

"Transverse" ]
Region

Charged Particle Density
|_\
o
|
I

Charged Particles
i (Inl<1.0, PT>0.5 GeV/c)
(6] 30 60 90 120 150 180 210 240 270 300 330 360

Min-Bias Ad (degrees)
0.25 per unit n-¢

Andrey Korytov, University of Florida Aspen, February 14, 2005 33
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Underlying Event: default Pythia and Herwi
# ying Y 9

Default Pythia and Herwig fail to reproduce data one way or another, e.g.:

d Pythia 6.206 underestimates number of tracks in transverse direction...

O Herwig 6.4 gives too soft spectrum for particles in transverse direction,
especially in events with small E; jets (missing MPI now have been added)

Charged Particle Density

1.0E+01

"Transverse" Charged Particle Density: dN/dnd{

1.00 CDF Preliminary [ml<1
CDF Data Pythia 6.206 (default) 1 0E+001
data uncorrected MSTP(82)=1
0751 theory corrected PARP(81) = 1.9 GeV/c

1.0E-014 Min-Bias Data, 1.8 TeV

o : @%F

1.0E-024

HW "Soft" Min-Bias
at 0.63, 1.8, and 14 TeV

1.0E-034

"Transverse" Charged Density

1.0E-044

Charged Density dN/qd¢dPT (1/GeVic)

1.8 TeV |n<1.0 PT>0.5 GeV

0.00 | | | ] ] | | | ] a
. T 1 1 T T T T T T T 1.0E-054 oo o
0 5 10 15 20 25 30 35 40 45 50 g ] ﬁ %
PT(charged jet#1) (GeV/c) 1.0E-06 # -ﬁa
0 2 4 6 8 10 -12 ~
‘— = CTEQ3L= = CTEQ4L CTEQ5L ® CDFMin-Bias O CDFJET20 PT (GeVic)
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‘Fdh UE: tune Pythia to match CDF data

Pythia: CDF Tune A vs. Default 6.206

Enhanced Initial State Radiation (ISR)

Smoothed out probability of Multi-Parton Interactions (MPI) vs. impact

MPIs are more likely to produce gluons than quark-antiquark pairs
and MPI gluons are more likely to have color connection to p-pbar remnants

Andrey Korytov, University of Florida Aspen, February 14, 2005
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T . -
= UE: Pythia Tune A at work

"Transverse" Charged Particle Density: dN/dndé¢

1.25
- ® CDF Run 1 Min-Bias
CDF Preliminary O CDF Run 1 JET20 1.0E+00
e ® CDFRun 2 o
—PY Tune A

CDF Preliminary

PYTHIA Tune A 1.96 TeV

"Transverse" Charged Density

|<1.0 PT>0.5 GeV/c

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
PT(charged jet#1) (GeV/c)

"Transverse" Charged PTsum Density: dPTsum/dnd¢
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Summary

High P QCD

— all checks within systematic errors

— we must beat systematic errors down to move towards
precision QCD measurements

Low P+ QCD

— interesting developments despite all the challenges for
applying pQCD in this domain

Progmatic

— new physics is likely to be born in a QCD process
— QCD is likely to be the nastiest background for the Signal
— we'd better tame this beast...
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