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=» New CDF UE data from the Tevatron Proton e — HEE S S
Energy Scan(R. Field). ' =

®» New CMS UE data (M. Zakaria).

®» Comparisons with PYTHIA 6.4 Tune Z1
and PYTHIA 6.4 Tune Z2*.

®» Mapping out the energy dependence of
the UE: Tevatron to the LHC!!

®» Summary & Conclusions. CDF Run 2 CMS at the LHC

300 GeV, 900 GeV, 1.96 TeV 900 GeV, 7 & 8 TeV
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Proton AntiProton

®» Just before the shutdown of the Tevatron CDF
has collected more than 10M “min-bias” events
at several center-of-mass energies!

P Tevatron
;*:..h P s "
P SOUTCE," Main Injector

e 300 GeV 12.1M MB Events
Etr o 900 GeV 54.3M MB Events

—— T
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» “Transverse” Charged PTsum Density:Scalar p; sum of the

“Transverse” Charged Particle Density: Number of charged
particles (py > 0.5 GeV/c, )| <n in the “transverse” region as
defined by the leading charged particle, PTmax, dided by the
area inn-@space, .,%213, averaged over all events with at least “Toward”
one particle with p; > 0.5 GeV/c, | <N¢y:-

“Transverse” “Transverse”

charged particles (g > 0.5 GeV/c, | <n in the “transverse”
region as defined by the leading charged particld?Tmax, divided
by the area inn-@space, B.,%2173, averaged over all events with
at least one particle with g > 0.5 GeV/c, fi| <Ny

“Transverse” Charged Particle Average K: Event-by-event <g-> = PTsum/Nchg for charged
particles (py > 0.5 GeV/c,fj| <n.,) in the “transverse” region as defined by the leadig
charged particle, PTmax, averaged over all eventsith at least one particle in the
“transverse” region with p > 0.5 GeV/c, ]| <nNqye-

Zero “Transverse” Charged Particles: If there are no charged particles in the “transverg”
region then Nchg and PTsum are zero and one includéisese zeros in the average over all
events with at least one particle with p> 0.5 GeV/c,fj| <n.. However, if there are no

charged particles in the “transverse” region then tle event is not used in constructing the

“transverse” average py.
Ney = 1.0 andn = 0.8
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» “transMAX” and “transMIN” Charged Particle Density: Number
of charged particles (g > 0.5 GeV/c, 1| < 0.8) in the the maximum
(minimum) of the two “transverse” regions as defind by the
leading charged particle, PTmax, divided by the ara in n-@space,
2Nn.,+%216, averaged over all events with at least one pacte with
pr > 0.5 GeV/c, fi| <Ngyt-

» “transMAX” and “transMIN” Charged PTsum Density: Scalar p;
sum of charged patrticles (p > 0.5 GeV/c,1j| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined
by the leading charged particle, PTmax, divided byhe area inn-¢
space, R.,X2176, averaged over all events with at least one pacte
with p+ > 0.5 GeV/c, fj| <Ny

Note: The overall “transverse” density is equal to the avege of the “transMAX” and
“TransMIN” densities. The “TransDIF” Density is the “ transMAX” Density minus the
“transMIN” Density

‘“TransMAX” & “TransMIN”

“Transverse” Density = “transAVE” Density = (“transMA X" Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity
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®» The “toward” region contains the leading “jet”, whil e the “away”
region, on the average, contains the “away-side” “jg&. The
“transverse” region is perpendicular to the plane ofthe hard 2-to-2
scattering and is very sensitive to the “underlyingevent”. For
events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both tke “transMAX”
and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery
sensitive to the multiple parton interactions (MPl)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN”
(i.e. “transDIF”) is very sensitive to initial-state radiation (ISR) 7¢'*
and final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"
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o

densities to be the same? Or do you expect that oakthe two densities will increase
faster with increasing energy than the other? Whiclone and why? Side” Jet

events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both tke “transMAX”

and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery

sensitive to the multiple parton interactions (MPIl)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN”

(i.e. “transDIF") is very sensitive to initial-state radiation (ISR)  J¢'#3
and final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"
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& PTmaxUE D

®» CDF PTmax UE Analysis:“transMAX” |, “transMIN” ,
“transAVE” , and“transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c, fj| < 0.8) in proton-antiproton collisions
at 300 GeV, 900 GeV, and 1.96 TeV (R. Field analykis

®» CMS PTmax UE Analysis:“transMAX”, “transMIN”,
“transAVE” , and “transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c,j| < 0.8) in proton-proton collisions at
900 GeV and 7 TeV (M. Zakaria analysis).

®» CMS UE Tunes:PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA
6.4 Tune Z2* (CTEQG6L). Both were tuned to the CMSeading
chgjet “transAVE” UE data at 900 GeV and 7 TeV.
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transMAX /MIN” NchgDen +:g

"Transverse" Charged Particle Density: dN/dnd@

"Transverse" Charged Particle Density: dN/dnd@

1.5 1.2
- CDF Preliminary o CDF Preliminary
5 Corrected Data 1.96 TeV 5 Corrected Data 900 GeV
g "TransMAX" é "TransMAX"
g1o7 I I 5 ' BOBT T gmma Wy E T . * ******
= L = .
S . S .
5 0.5 T mm o - 5041 =m
H = "TransMIN" 2 "TransMIN"
§  usmEs = = = ® " . E , _guEEES = = § ® . i
: 4. = u Charged Particles (|n|<0.8, PT>0.5 GeV/c) : | . n . Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 - f f f f 0.0 + f 1 ‘ ‘
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dnde
and 300 GeVon the charged particle 0.72 —
density in the“transMAX” and g |CDFPreliminary 300 GeV
“transMIN” regions as defined by the ; i i TranpMAX
} ) S 048 £ - —--—————— :;!,g,,,,i,,i 7777777777777777777777777
leading charged particle (PTmax) for S ;
charged particles with p, > 0.5 GeV/cand |[& ;
In| < 0.8. The data are corrected to the % 024
particle level with errors that include both | ¢ o N
the statistical error and the systematic - ol at "' - | ~ Charged Pariicles (<08, PT>0.5 Gevic)
uncertainty. o 5 4 6 8 10 12 14
PTmax (GeV/c)
EPS-HEP 2013 Rick Field — Florida/CDF/CMS Page 8

Stockholm, July 19, 2013




!

“transVIAX/IMIN = INChgbDen a,,

"Transverse” Charged Particle Density: dN/dndg "Transverse" Charged Particle Density: dN/dnde,

[N
o

=

[N

. CDF Preliminary . CDF Preliminary
= Corrected Data
1.96 TeV = Corrected Data
§ Generator Level Theory é Generator Level Theory 900 GeV “TransMAX" .
s 10+ g w wm B Re— ¥ Y 508 m—
% ?g 0.8 " *
: Tune Z2* (solid lines) g
% Tune Z1 (dashed lines) % Tune Z2* (solid lines)
g 054 --of-— - ___ 'I: __ 7l\7/II7I\I ,,,,,,,,,,,,,,,,,, g 0.4 Tune Z1 (dashed lines)
g ; . :
g rans —— z "TransMIN"
E ©
= Pl = o ol ke
00 ‘ ‘ Charged ‘Particles (|n|<0.8‘, PT>0.5 GeV/c) : Charged Particles (|n|<0.8, PT>0.5 GeVic)
0 ‘ ‘ ‘ ‘ 0.0 - 1 1 : :
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeVic) PTmax (GeV/c)

®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dnde

and 300 GeVon the charged particle 072

CDF Preliminary
Corrected Data 300 GeV

Generator Level Theory

density in the“transMAX” and
“transMIN” regions as defined by the
leading charged particle (PTmax) for
charged patrticles with p; > 0.5 GeV/c and

"TransMAX"

048 - - - - -~ Z - 7;7;7; - 7 ----_} 777777

Tune Z2* (solid lnes)
In| < 0.8. The data are corrected to the 0.24 | " Tune 21 (dashed lineo)
particle level with errors that include both g /rensMIN

the statistical error and the systematic © o rel | ~ Charged P;Ec.esq,,ﬁog,.avo.&,c)

Transverse" Charged Density

uncertainty' ) 0 2 4 6 8 10 12 14
The data are compared with PYTHIA 6.4 PTmax (GeVic)

Tune Z1and Tune Z2*.
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“transDIE/AVE™ NchgDenl =

"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged Particle Density: dN/dnd@
09 CDF Preliminary os CDF Preliminary
- Corrected Data "TransDIF" i - Corrected Data
° @ "TransDIF"
B o6 o 88 8 [ I S ;
s ll'iﬂ "TransAVE" o > sunn® ¥ § § ¥
g a® £ mjeses s ® 3 &8 ¢
g ] g s "TransAVE"
Bosz | " Bos - %
5 . 5 .
5 . 1.96 TeV 5 . 900 Gev
° Charged Particles (|n|<0.8, PT>0.5 GeVi/c) L Charged Particles (|n|<0.8, PT>0.5 GeVic)
0.0 \ 1 1 | 0.0 \ 1 ‘ ‘
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
=» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dndg
and 300 GeVon the charged particle L P——
density in the“transAVE” and “transDIF” - ComecteaDua
regions as defined by the leading charged Q o 5 ¥
particle (PTmax) for charged particles o L nEd . i
. = ]
with p; > 0.5 GeV/c andj| < 0.8. The data | & st T e
are corrected to the particle level with %0-2 e
errors that include both the statistical 5 ¥ 300 GeV
error and the systematic uncertainty. S | _ Charged Particles (Inj<0.2, PT>05 GeVic)
0 2 4 6 8 10 12 14
PTmax (GeV/c)
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iransDIE/AVE ™ NchgDen

"Transverse" Charged Particle Density: dN/dnd@

"Transverse" Charged Particle Density: dN/dnd@

0.9 0.9
CDF Preliminary - - CDF Preliminary
N Corrected Data  "TransDIF" = o = = = = ZSg——— - Corrected Data
-‘é - = = ‘é Generator Level Theory "TransDIF" - ==
8 8 06| i I
E E "TransAVE"
[ Sos -
g Tune Z2* (solid lines) 1.96 TeV g Tune Z2* (solid lines) 900 GeV
Tune Z1 (dashed lines) Charged Particles (|n|<0.8, PT>0.5 GeVic) Tune Z1 (dashed lines) Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
0.0 f f | . 0.0 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dnd@
and 300 GeVon the charged particle 08 T ooF Preiminary
density in the“transAVE” and “transDIF” s | e A eTaneDIE"
regions as defined by the leading charged |2 =~ UL e
particle (PTmax) for charged particles f N B B o e
with p > 0.5 GeV/c andij| < 0.8. The data |§ | /" wstisis ok LR T
are corrected to the particle level with g 02
errors that include both the statistical 5 Tune 72 (solid lines) 300 GeV
. . Tune Z1 (dashed lines) )
error and the systematic uncertainty. . Charged Particles (nj<0.8, PT>0.5 Gevic)
The data are compared with PYTHIA 6.4 o ) . 6 o 10 M "
Tune Z1and Tune Z2*. PTmax (Gev/c)
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"TransMAX" Charged Particle Density: dN/dnd¢|

!

transMAX /MIN” NchgDen +:g

"TransMIN" Charged Particle Density: dN/dnd@

1.2 0.39 —

p OO Preliminary 196Tev  J R arensen o 1.96 Tev {

3 quss & £ F O F ¢ g gafid g ¥ ¥ £

éo.g—— !:.lll Ny @ . 500 Gov * EO'ZG ii

s sl 2 N1LLE By 8 900 GeV +

y . guun® § @ ¥ E g e

g o4f M@~ T *3OUGEV —————————— $ 0.13 u . %

2 n g " Lh "ta @ o } 300 GeV

3 | Charged Particles (|n|<0.8, PT>0.5 GeVi/c) i Charged Particles (|n|<0.8, PT>0.5 GeV/c)

> 0 4‘1 ;3 1‘2 1‘6 20 o 0 4‘1 E; 1‘2 1‘6 20
PTmax (GeV/c) PTmax (GeV/c)

=» Corrected CDF data at 1.96 TeV, 900 GeV, "TransDIF" Charged Particle Density: dN/dnd¢
and 300 GeVon the charged particle 0.8
density in the“transMAX” , “transMIN” , CDF Preliminary 1oeTev  §
and “transDIF” regions as defined by the | Zos -lﬂ—f——f—j———% ffffffffffffffffffffffffff
leading charged particle (PTmax) for f - == * 900 Gev {
charged particles with pr > 0.5 GeV/cand | & o+ ,,,i,-,_,i,_ﬁ; iii% ***************************
In| < 0.8. The data are corrected to the 3 . } 300 GeV
particle level with errors that include both | £ °2 I T
the statistical error and the systematic Charged Particles (n|<0.8, PT>0.5 GeVic)
uncertainty. . ) . M . "

PTmax (GeV/c)
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transMAX/MIN> NchogDen v &

/.--:

"TransMAX" Charged Particle Density: dN/dnd@

"TransMIN" Charged Particle Density: dN/dnd@

1.2 — 0.39 —
CDF Preliminary 1.96 TeV . - CDF Preliminary
Corrected Data T m m =2 orrected Data _%.-—'—r'
_g Generator Level Teor . g Genecramr Lte\(je?T;eory o6 1oy
808+ g g IV i 8026 +--———- g
% 900 GeV % § T
: — ; ¥ 900 GeV I
8 04+ ¥ 8 013+ E
3 Tune Z2* (solid lines) 8 - " -
) Tuune Z1 (dashled IIines) © iSOO Gev T-Il—Junr:eeZle(d(;:rllI:dlIl?r:e:g)
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 f f f f 0.00 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeVic) PTmax (GeVic)
=» Corrected CDF data at 1.96 TeV,_ 900 GeV, "TransDIF" Charged Particle Density: dN/dnd¢|
and 300 GeVon the charged particle 0.9 —
density in the“transMAX” |, “transMIN” , | ey LO6TeV _ _ o om = =
and “transDIF” regions as defined by the |z  ceremorteemey o o =g == :
leading charged particle (PTmax) for s 0] 900 Gev *
charged particles with pr > 0.5 GeV/cand | 5 .-
In| < 0.8. The data are corrected to the Bos -t o~ [300@6"_, 7777777
. . . 5 Tune Z2* (solid lines)
particle level with errors that include both | § une 71 (dashed lines)
the statistical error and the systematic Charged Particles (In|<0.8, PT>0.5 Gevic)
M 0.0 T T } }
uncertainty. | o . . b 6 20
The data are compared with PYTHIA 6.4 PTmax (GeVic)
Tune Z1and Tune Z2*,
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"Transverse" Charged PTsum Density: dPT/dnd@

transMAX /IVIINF P T

SUMDEN v ¢

"Transverse" Charged PTsum Density: dPT/dnd@

1.5 1.2
CDF Prelimi CDF Preliminary
- Corr;ﬁ;?;:t:ry 1.96 Tev "TransMAX" E - Corrected Data 900 GeV "TransMAX"
31.0— —————————— . —.—i—l—i—i——j ———————— S 30.8 ——————————— . —.—i—.—!—i———! ————————————————————— * ——————
g - 2 nt
5 u 5 "
E o5+ * E 04l
2 . "TransMIN" E ] "TransMIN"
: Il.l... = = = u . gpeEEE ® B =z = m L]
" Charged Particles (|n|<0.8, PT>0.5 GeVi/c) .. . Charged Particles (|n|<0.8, PT>0.5 GeVic)
0.0 +—= ‘ ‘ 1 1 0.0 —= \ ‘ ‘ ‘
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeVic)
=» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dnd¢
and 300 GeVon the charged PTsum 0.72 —
density in the“transMAX” and N 300 GeV
“transMIN” regions as defined by the 2 5§ Tra”{MAX
leading charged particle (PTmax) for QaByT ;”:’“’ B S R
charged patrticles with p; > 0.5 GeV/c and D .
In| < 0.8. The data are corrected to the o241 4 " )
particle level with errors that include both | £ i“a“s“’”“
the statistical error and the systematic . | tammtt "' T " " Crarged paficles (ni<os, pT?oi Gevio)
uncertainty. 0 2 4 6 8 10 12 14
PTmax (GeVic)
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- transivVIAX/IVIINF PTIsSUmDen v

"Transverse" Charged PTsum Density: dPT/dnd@® "Transverse" Charged PTsum Density: dPT/dndg
1.5 1.2 —
CDF Preliminary 1.96 TeV " TransMAX" | CDForli’erceIelml::ry

g Genechtrcr)fcl_tsseIID?'tl'naeory aam = = i TS; Genecratorl_te\(/jellaTLeory 900 Gev "TransMAX" -
g Tune Z2* (solid lines) % Tune 72+ (solid lines)
Sos Lo funezt(ashedlines) |y @ L o Tune 21 (dashed lines)
E "TransMIN" i E "TransMIN"

% Charged Particlgs (|-TI'I|<;.8,-PT>-(IJ.5-GeV/C)

0.0 - f f f 1 0.0 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)

®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dnd

and 300 GeVon the charged PTsum 072

H H 1] ” reliminar

density in the“transMAX” and Corscisapata . 300 GeV e

“transMIN” regions as defined by the s . GenerstorLevel Theory s kb ra”i e =

leading charged particle (PTmax) for S ni*" - i

charged particles with p > 0.5 GeV/cand | g Tune z2* (solidllines)

In| < 0.8. The data are corrected to the E 024 + Tune Z1 (dashed lines)

. . . @ "TransMIN"
particle level with errors that include both | &
the statistical error and the systematic
. 0.00 1 1 1

uncertalnty . 0 2 4 6 8 10 12 14

The data are compared with PYTHIA 6.4 PTmax (GeVic)

Tune Z1and Tune Z2*,
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“transDIE/AVE™ PTisumbDen

"Transverse" Charged PTsum Density: dPT/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
. 0.9
e CDF Preliminary CDF Preliminary
Corrected Data Corrected Data "TransDIF"
Q) "TransDIF" E 0 ’
* o m g I
& 0.8 - R | L] N & 06 :...l
o . | u e 0o ® °® (] 2 LIS B ) (] (]
g ngee® "TransAVE" g P L "TransAVE"
a =e a} meg
£ 04 :‘ 03 | Lo
Y . 1.96 Tev B . 900 GeV
3 Charged Particles (In|<0.8, PT>0.5 GeV/c) : Charged Particles (Jn|<0.8, PT>0.5 GeVi/c)
0.0 1 1 f | 0.0 \ 1 f |
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeVic)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dndg
and 300 GeVon the charged PTsum S P
: : T ” 7 ” reliminar
density in the“transAVE” and “transDIF” | _ e
regions as defined by the leading charged Soal ii% 7777777777777777777777777
particle (PTmax) for charged particles > St "8 i
with p; > 0.5 GeV/c andrj| < 0.8. The data | g LR S -
are corrected to the particle level with E021 mw o
errors that include both the statistical b e 300 GeV
error and the systematic uncertainty. ol ® Charged Particles (In|<0.8, PT>0.5 GeVic)
0 2 4 6 8 10 12 14
PTmax (GeV/c)
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“transDIE/AVE ™ PTsumben v =

"Transverse" Charged PTsum Density: dPT/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
1.2 0.9
CDF Preliminary CDF Preliminary
Corrected Data - . Corrected Data "TransDIF* [, @ o o = === -
g Generator Level Theory "TransDIF" e m= == r § Generator Level Theory == I
gos+ g R . -= G 06 S
% "TransAVE" % *
€ 1o W ________ € 1S _____________
; 0.4 Tune 22 (solid lines) E 0.3 Tune z2* (solid lines)
o 1.96 TeV Tune Z1 (dashed lines) o 900 GeV Tune Z1 (dashed lines)
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 f f f f 0.0 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse” Charged PTsum Density: dPT/dndg
and 300 GeVon the charged PTsum 8 T o prerman
density in the“transAVE” and “transDIF” Corrected Data
T : . S Generator Level Theory "TransDIF"
regions as defined by the leading charged | 3 | + ] -
. _ 0. i
particle (PTmax) for charged particles >
with p; > 0.5 GeV/c andij| < 0.8. The data | }
are corrected to the particle level with E 02 -
errors that include both the statistical 2 o e T st o
error and the systematic uncertainty. . | | ~ Charged Particles (In|<0.8, PT>0.5 GeVic)
The data are compared with PYTHIA 6.4 0 2 4 6 8 10 12 14
Tune Z1and Tune Z2*, PTmax (Gevic)
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“ransAVIE™

"TransAVE" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@

s RDF Preliminary Tune Z2* (solid lines) s RDF Preliminary 7 TeV — - - - -
- Corrected Data Tune Z1 (dashed Iines) Corrected Data
:/:, Generator Level Theory 7 TeV I g Generator Level Theory
g 10+ g 107
%,, 0.5 E 05 -} cpu B ula——0""_— __ L 000CGeV- -
3 2 Tune Z2* (solid lines)
5 = =g~ = 300GeV & 300 GeV Tune Z1 (dashed lines)

Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 | | | | : 0.0 f f f f |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)

» Corrected CMS data at 7 TeV and CDF data » Corrected CMS data at 7 TeV and CDF data
at 1.96 TeV, 900 GeV, and 300 Gebh the at 1.96 TeV, 900 GeV, and 300 Gebh the
charged particle density in the"transAVE" charged PTsum density in thé‘transAVE”
region as defined by the leading charged region as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andnj| < 0.8. The data are pr > 0.5 GeV/c andij| < 0.8. The data are
corrected to the particle level with errors that corrected to the particle level with errors that
include both the statistical error and the include both the statistical error and the
systematic uncertainty. The data are systematic uncertainty. The data are
compared with PYTHIA Tune Z1 and Tune compared with PYTHIA Tune Z1 and Tune
Z2*. Z2*.
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=» Corrected CDF data at 1.96 TeV, 900 GeV, ®» Corrected CDF data on the charged particle

and 300 GeVon the charged particle density in the“transMAX” region as
density in the“transMAX” region as defined by the leading charged patrticle
defined by the leading charged particle (PTmax) for charged particles with p; > 0.5
(PTmax) for charged particles with p; > GeV/cand | < 0.8 with 5 <PTmax < 6
0.5 GeV/c andnfj| < 0.8. The data are GeV/c. The data are plotted versus the
corrected to the particle level with errors center-of-mass energylfg scale).

that include both the statistical error and
the systematic uncertainty.
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"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
15 1.8 —
CDF Preliminary CMS solid dots 5 CDF Preliminary CMS solid dots
- corrected data CDF solid squares % corrected data CDF solid squares § }
= generator level theory o generator level theory TransMAX
2 " v .
g 10+ TransMAX" 212 | 5.0<PTmax < 6.0 GeVic
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
5.2 — : 6.4
CDF Preliminary CMS solid dots s CDF Preliminary CMS solid dots
corrected data CDF solid squares corrected data CDF solid squares
o generator level theory o generator level theory . ‘
T T
x 3.8 + X 4.6+
E 5.0 < PTmax < 6.0 GeV/c "TransMIN" ? 5.0 < PTmax < 6.0 GeV/c "TransMIN" .
n n
§ Tune Z2* (solid lines) é Tune Z2* (solid lines)
o Tune Z1 (dashed lines) o Tune Z1 (dashed lines)
S 247 2287
g Divided by 300 GeV Value N . "TransMAX"
"TransMAX" Divided by 300 GeV Value
-
Charged Particles (|n|<0.8, PT>0.5 GeV/c) 2
1.0 —— t t fF———+—1+— 1.0 } Pt t f F—f—F—F—
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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®» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,

and 300 GeVon the charged particle density

in the “transMAX” , and the“transMIN”
regions as defined by the leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the

center-of-mass energylfg scale). The data
are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*.

and 300 GeVon the charged PTsum density
in the “transMAX” , and the“transMIN”
regions as defined by the leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the

center-of-mass energylfg scale). The data
are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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"TransAVE" Charged Particle Density Ratio
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®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
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% Ratio of CDF data at 1.96 TeV, 900 GeV, = Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the and 300 GeVto the value at 300 GeMor the
charged particle density in the'transMIN™ charged PTsum density in thé'transMIN” |
and “transDIF" regions as defined by the and “transDIF” regions as defined by the
leading charged particle (PTmax) for leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and charged particles with p- > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass data are plotted versus the center-of-mass
energy (og scale). The data are compared energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*. with PYTHIA 6.4 Tune Z1and Tune Z2*,

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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®» Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the
charged particle density in the“transMIN”

®» Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the
charged PTsum density in thétransMIN”

and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1 and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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with PYTHIA 6.4 Tune Z1and Tune PYTHIA 6.4 Tune Z1 and Tune Z2*.
The data are “normalized” by d\| /ding by the corresponding value at 300 GeV.
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®» CDF and CMSdata at 900 GeV/mn the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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®» CDF and CMSdata at 900 GeV/mn the

charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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»

CDF and CMS data at 900 GeV/mn the
charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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CDF and CMSdata at 900 GeV/mn the
charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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Summary & Conclusionss &

®» The “transverse” region is not a true measure of the energy

dependence of MPI since it receives large contributns from ISR and
FSR.

®» The “transMIN” (MPI-BBR component) increases much faster with
center-of-mass energy than théransDIF” (ISR-FSR component)!
Previously we only knew the energy dependence of 4nsAVE”".

&)

(D We now have at lot of MB & UE data at
300 GeV, 900 GeV, 1.96 TeV, and 7 TeV!
We can study the energy dependence
more precisely than ever before!

J

N

=» Both PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA 6.4 Tune Z2*

(CTEQSG6L) go a fairly good job (although not perefc} in describing the
energy deperdence of the UE!
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Summary. & Ce clusmnsﬁ‘é

®» The “th.osuwerse” region is Q true me of the energy
depende MP1I since | wves 7 tribwtns from ISR and
FSR.

®» The “transMI faster with
center-of-mas=— \What we are learning should ~ant)|
Prex allow for a deeper understanding of MPI

5 which will result in more precise s
A\

predictions at the future
LHC energy of 13 TeV!

e
/mo7
N
=» Both PYTHIA 6. : ne Z2*
(CTEQG6L) go a fairly good t perefcy in describing the

energy deperdence of the
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