B Physics: QCD Monte Carlo
Model Predictions

Rick Field - University of Florida
and
Keith Ellis - Fermilab

Goals:
Comparethe LO parton level predictions of Herwig, |sajet,
and Pythia with the NLO MRSR2 predictions.
Comparethe LO parton level predictionswith the LO
hadron level predictions (Herwig, I1sajet, Pythia).
Comparethe LO hadron level predictionsof Herwig, | sajet,
and Pythia.

Outline:
Integrated Cross Sections (parton level)
Transver se Momentum Distributions (parton level)
Pseudo-Rapidity & Rapidity Distributions (parton level)
Integrated Cross Sections (hadron level)
Transver se Momentum Distributions (hadron level)
PT Distributions Parton/Hadron (fragmentation)
Strange Quark Production fg/(fu+fd) (fragmentation)
Y and h Distributions Hadron versus Parton
Azimuthal Df Correlations Hadron versus Parton
PT Correlations Hadron versus Parton (PT1-PT)»)

Pseudo-Rapidity Correlations: ds/dh1dho
Normalized Correllation Functions. R(h1,h»)

(2 D
QCD Monte Carlo Modéels (default parameters):
Herwig 5.9 (DO1.1, L =0.18 GeV)
|sajet 7.32 (CTEQ3L, L =0.20 GeV)

a Pythia 6.115 (GRV94LO, L =0.20 GeV)

Rick Field & Keith Ellis Run 2 Wor kshop — November 1999 Page 1 of 23



‘ B Physics: Cross Sections I

Parton Level: Integrated b-quark Cross Section for PT > PTmin

" Integrated b-quark Cross Section for PT > PTmin
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Plot shows s(PT>PTmin) (in nb) for b-quarksat 1.8 TeV (all Y).

Parton Level: Integrated b-quark Cross Section for PT > PTmin

" Integrated b-quark Cross Section for PT > PTmin
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Plot shows s (PT>PTmin) (in nb) for b-quarksat 1.8 TeV (all Y). Herwig, | sajet,
and Pythia have been increased by a factor of two.
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‘ B Physics: Cross Sections I

Parton Level: Ratio MRSR2/Monte-Carlos

Integrated b-quark Cross Section for PT > PTmin
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Plot showstheratio of s(PT>PTmin) for b-quarksat 1.8 TeV (all Y) from MRSR2
to Herwig, Isajet, and Pythia.

Parton Level: Integrated b-quark Cross Section for PT > PTmin

Integrated b-quark Cross Section for PT > PTmin
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Plot shows s(PT>PTmin) (in nb) for b-quarksat 1.8 TeV (|Y[<1).
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‘ B Physics: Cross Sections I

Parton Level: Integrated b-quark Cross Section for PT > PTmin

S b Integrated b-quark Cross Section for PT > PTmin
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Plot shows s(PT>PTmin) (in nb) for b-quarksat 1.8 TeV (|Y|<1). MRSR2 has been
increased by a factor of two and Herwig, Isajet, and Pythia have been increased by a
factor of four.

Parton Level: Ratio MRSR2/Monte-Carlos

Integrated b-quark Cross Section for PT > PTmin
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Plot showstheratio of s(PT>PTmin) for b-quarksat 1.8 TeV (|Y| < 1) from MRSR2
to Herwig, I sajet, and Pythia.
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‘ B Physics: Cross Sections I

Parton Level: Fraction |Y| < 1 of the b-quark Cross Section

Fraction |y|<1 of the Integrated b-quark Cross Section
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Plot showsthefraction [Y| < 1 of the b-quark integrated cross section (PT < PTmin).

Parton Level: Fraction |h| < 1 of the b-quark Cross Section

Fraction |eta|<1 of the Integrated b-quark Cross Section
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Plot showsthefraction |h| <1 of the b-quark integrated cross section (PT < PTmin).
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‘ B Physics: PT Distributions I

Parton Level: Transverse Momentum Distribution (|h| < 1)

DIGeV Transverse Momentum Distribution ds/dPT
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Plot shows ds/dPT (in mb/GeV) for b-quarksat 1.8 TeV (Jh[<1).

Parton Level: Transverse Momentum Distribution (|h| < 1)

Transverse Momentum Distribution (b-quark)
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PTmin (GeV)
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Plot showstheratio of ds/dPT for b-quarksat 1.8 TeV (Jh| < 1) from MRSR2 to
Herwig, I sajet, and Pythia.
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‘ B Physics. Pseudo-Rapidity Distributions I

Parton Level: Pseudo-Rapidity Distributions (PT > 5 GeV)

Pseudo-Rapidity Distribution

ds/dh (b)
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Plot showsds/dh (in nb) for b-quarksat 1.8 TeV (PT >5 GeV).

Parton Level: Pseudo-Rapidity Distributions (PT > 5 GeV)

Pseudo-Rapidity Distribution (normalized to 1)
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Plot shows (I/N)dN/dh (normalized to 1) for b-quarksat 1.8 TeV (PT >5 GeV).

Rick Field & Keith Ellis Run 2 Wor kshop — November 1999 Page 7 of 23



‘ B Physics: Rapidity Distributions I

Parton Level: Rapidity Distributions (PT > 5 GeV)

Rapidity Distribution

ds/dY (nb)
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Plot showsds/dY (in nb) for b-quarksat 1.8 TeV (PT >5 GeV).

Parton Level: Rapidity Distributions (PT > 5 GeV)

Rapidity Distribution (normalized to 1)

(L/N)AN/Y
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‘_‘_MRSRZ b-quark = Herwig b-quark ~=Isajet b-quark —°— Pythia b-quark ‘

Plot shows (I/N)dN/dY (normalized to 1) for b-quarksat 1.8 TeV (PT >5 GeV).
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B Physics: Cross Sections

Hadron Level: Integrated B-quark Cross Section for PT > PTmin

Integrated Cross Section for PT > PTmin

s nb
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Plot shows s (PT>PTmin) (in nb) for B-mesons(B+,BO,BSO) and b-quarksat 1.8 TeV
(| <12).

Hadron Level: Integrated B-quark Cross Section for PT > PTmin

Integrated Cross Section for PT > PTmin
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Plot shows s(PT>PTmin) (in nb) for B-mesons(B+,BO,BSO) from b and t-quarks 1.8
TeV (|h| <1).
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B Physics: PT Distributions

Parton & Hadron Level: Transverse Momentum Distribution (|h| < 1)

Transverse Momentum Distribution ds/dPT
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Plot shows ds/dPT (in mb/GeV) for B-mesons(B+,BO,Bso) and for the b-quark at 1.8
TeV (|h|<1).

Hadron/Parton Level: Transverse Momentum Distribution (|h| < 1)

(B-meson)/(b-quark) Ratio versus PT
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Plot showstheratio of ds/dPT (Jh| < 1) for B-mesons (B+,BO,BSO) to b-quark at 1.8
TeV.
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‘ B Physics: PT Distributions I

Hadron Level: B+ Meson Transverse Momentum Distribution (|Y]| < 1)

B+ Meson Transverse Momentum Distribution
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Plot shows ds/dPT (in mb/GeV) for B* mesonsat 1.8 TeV (JY| < 1).

Hadron Level: B+ Meson Transverse Momentum Distribution (|Y]| < 1)

B+ Meson Transverse Momentum Distribution
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Plot shows ds/dPT (in mb/GeV) for B* mesonsat 1.8 TeV (JY| < 1). TheQCD
Monte-Carlo predictions have been increased by a factor of four.
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‘ B Physics. Fragmentation I

fs
A;m fd A; i
u u
sbar ubar
fs fu
Bg) B+

bbar bbar
CDF Run Old FF
fu 0.408+/-0.068 0.4
fd 0.344+/-0.039 0.4
fs 0.159+/-0.026 0.2
fbaryon 0.089+/-0.029 0.0
fs/(fu+fd) 0.213+/-0.068 0.25

Hadron Level: fs/(fu+fd) Ration versus PT (|h| < 1)

fs/(fu+fd) Ratio versus PT
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Plot showstheratio f(fu+fd) at 1.8 TeV (Jh| < 1), wherefs= ds/dPT(BSO), fu=
ds/dPT(B*), and fd = ds/dPT(BY).
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‘ B Physics: Y and h Distributions I

Parton & Hadron Level: Pseudo-Rapidity Distribution

Pseudo-Rapidity Distribution (normalized to 1)
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Plot shows (1/N)dN/dh (normalized to 1) for B-mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).

Parton & Hadron Level: Rapidity Distribution

Rapidity Distribution (normalized to 1)
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Plot shows (I/N)dN/dY (normalized to 1) for B-mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).
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‘ B Physics: Y and h Distributions I

Parton & Hadron Level: Pseudo-Rapidity Distribution

Pseudo-Rapidity Distribution
PT > 10 GeV
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Plot shows (1/N)dN/dh (normalized to 1) for B—mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).

Parton & Hadron Level: Rapidity Distribution

Rapidity Distribution (normalized to 1)
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Plot shows (I/N)dN/dY (normalized to 1) for B—mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).
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‘ B Physics: Y and h Distributions I

Parton & Hadron Level: Pseudo-Rapidity Distribution

Pseudo-Rapidity Distribution
PT > 10 GeV
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‘_O_Pythia b-quark @® Pythia B-mesons —©—Pythiab-quark ® Pythia B-mesons ‘

Plot shows (1/N)dN/dh (normalized to 1) for B-mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).

Parton & Hadron Level: Rapidity Distribution

Rapidity Distribution (normalized to 1)
PT > 10 GeV
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Plot shows (I/N)dN/dY (normalized to 1) for B-mesons(B+,BO,BSO) and for theb-
quark at 1.8 TeV (PT >5 GeV and PT > 10 GeV).
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B Physics: Azimuthal Correlations

bbar-quark or

Bbar-mesons
o\
PT1

b-quark or B-mesons

Parton Level: Azimuthal Df Distribution

Azimuthal Df Distribution (normalized to 1)
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Plot shows (1/N)dN/dDf (normalized to 1), where Df = |f ,-f 4| for 1 = b-quark and 2
= bbar-quark at 1.8 TeV with |hq| <1, |hy| <1, and PT{>5 GeV.

Measuresintrensic PT, gluon
Hadron Level: Azimuthal Df Distribution rEnlEan. e TET BT

Azimuthal Df Distributioi (normalized to 1)
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Plot shows (1/N)dN/dDf (normalized to 1), where Df = |f o-f 1| for 1 = B-mesons
(B+,BO,BSO) and 2 = Bbar-mesonsat 1.8 TeV with |h4| <1, |hy|<1,and PT;>5 GeV.
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‘ B Physics: Azimuthal Correlations I

Parton & Hadron Level: Azimuthal Df Distribution

Azimuthal pDf Distribution (normalized to 1)

(1/N)dN/d Df
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Plot shows (1/N)dN/dDf (normalized to 1), where Df = |f o-f 4| for 1 =Db-quark and 2

= bbar-quark and for 1 = B-mesons(B+,BO,BSO) and 2 = Bbar-mesonsat 1.8 TeV
with |h4] <1, |hy| <1, and PT, >5GeV.

Parton & Hadron Level: Azimuthal Df Distribution

Azimuthal Df Distribution (normalized to 1)
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Plot shows (1/N)dN/dDf (normalized to 1), where Df = |f o-f 4| for 1 =Db-quark and 2

= bbar-quark and for 1 = B-mesons(B+,BO,BSO) and 2 = Bbar-mesonsat 1.8 TeV
with |h4] <1, |hy| <1, and PT,>5GeV.
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‘ B Physics: PT Correlations I

bbar-quark or
Bbar-mesons

.................... m T

b-quark or B-mesons

Parton Level: Transverse Momentum Correlations

Transverse Momentum Correlations ds/dDPT

ds/dpPT (mp/Gev)
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‘-“-Herwig b-quark = Isajet b-quark —°—Pythia b-quark ‘
Plot shows ds/dDPT (mb/GeV), where DPT = PT1-PT, for 1=b-quark and 2 =
bbar-quark at 1.8 TeV with |h| < 1, |hy| < 1, [f 1-f 5| > 90°, and PT, > 5 GeV.

Parton Level: Transverse Momentum Correlations

PT Correlations (normalized to 1)
(L/N)dN/dDPT
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‘-“-Herwig b-quark = Isajet b-quark —°—Pythia b-quark ‘
Plot shows ds/dDPT (mb/GeV), where DPT = PT1-PT, for 1= b-quark and 2 =
bbar-quark at 1.8 TeV with |h4| <1, |hy| < 1, [f 1-f 5| > 90°, and PT, > 5 GeV.,
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‘ B Physics: PT Correlations I

Measuresintrensic PT, gluon radiation,
and fragmentation.

Hadron Level: Transverse Momentum Correlations

PT Correlations (normalized to 1)

(1/N)dN/dDPT
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Plot shows ds/dDPT (nb/GeV), where DPT = PT1-PT, for 1 =B-mesons (B*,B°B)
and 2 = Bbar-mesonsat 1.8 TeV with |hq| < 1, |ho| < 1, [f 1-f 5| >90°% and PT,>5
GeV.

Parton & Hadron Level: Transverse Momentum Correlations

PT Correlations (normalized to 1)
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Plot shows ds/dDPT (mb/GeV), where DPT = PT1-PT, for 1= b-quark and 2 =
bbar-quark and for 1 = B-mesons(B+,BO,BSO) and 2 = Bbar-mesons at 1.8 TeV with
Ihq| <1, |hy| <1, [f1-F 5| >90°% and PT, > 5 GeV.
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‘ B Physics. Pseudo-Rapidity Correlations I

Double-Differential Cross Section

Correlation Functions: %
1l ds 1 ds ds
S

Ct,,h,)= -
(hw.h) dh,dh, s 2 dh, dh,

“Normalized” Correlation Functions:
&l ds 1 ds ds 0 /el ds ds O
R(h ,h = - - +
th.h2) gs dh,dh, s?dh, dhz,;,/gs 2 dh, dh,

“Integrated” (a< hy<b) Normalized Correlation Functions:

b . b "
R(M,) = Zl ds ) l2 ds ds gdhz \aelz ds ds gdhz
~&s dhdh, s “dh, dh,y4 s “dh, dh, 4

Hadron Level: Pseudo-Rapidity Correlations (Jho| < 0.5)

Pseudo-Rapidity Correlations ds/dh1dh2

(1/s)ds/dh1dh2
0.020

1.8 TeV |eta2|<0.5
1=B-mesons 2 =Bbar-mesons
|PT1|< 5 GeV |PT2|<5 GeV
|phil-phi2|>90 deg

0.015 T

0.010

0.005

0.000 - ‘

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Pseudo-Rapidity h1

"“"Herwig B-mesons ~™|sajet B-mesons ~®— Pythia B-mesons ‘

Plot shows (1/s)ds/dh;dh, versushq, for 1= B—mesons(B+,BO,BSO) and 2 = Bbar-
mesons at 1.8 TeV with |h,| < 0.5, |f 1-f 5| > 90° PT;>5GeV, and PT,>5 GeV.
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‘ B Physics. Pseudo-Rapidity Correlations I

Measures PDF’s,

Hadron Level: Pseudo-Rapidity Correlations (1< |hy| < 2) L‘raomentation.
/

Pseudo-Rapidity Correlations ds/dh1dh2

(1/s)ds/dh1ldh2

0.020

1.8 TeV 1<eta2?|<2

1=B-mesons 2 =Bbar-mesons
|PT1|< 5 GeV |PT2|<5 GeV

0.015 T+ . .

|phil-phi2|>90 deg
0.010
0.005

eta2
0.000 - | ;
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Pseudo-Rapidity h1

"“"Herwig B-mesons ~™|sajet B-mesons ~®—Pythia B-mesons ‘

Plot shows (1/s)ds/dh;dh, versushq, for 1= B-mesons(B+,BO,BSO) and 2 = Bbar-
mesons at 1.8 TeV with 1 < |hy| <2, [f 1-f 5| > 90°% PT;>5GeV, and PT,>5 GeV.

Parton & Hadron Level: Pseudo-Rapidity Correlations

Pseudo-Rapidity Correlations ds/dh1dh2

(1/s)ds/dh1dh2
0.020
Isajet at 1.8 TeV 1 T
1 = b-quark or B-mesons < leta2| <
0.015 & 2 = bbar quark or Bbar-mesons
: |PT1|< 5 GeV |PT2|<5 GeV
|phil-phi2|>90 deg
0.010
|eta2| < 0.5
0.005
0.000 -

Pseudo-Rapidity h1

‘_D_Isajet b-quark = Isajet b-quark ~®Isajet B-mesons ~®Isajet B-mesons ‘

Plot shows (1/s)ds/dh dh, versush, for 1=b-quark and 2 = bbar-quark and for 1
= B-maons(B“L,Bo,BSO) and 2 = Bbar-mesonsat 1.8 TeV with |h,| < 0.5 and with 1 <
h, <2and |f ;-f 5| > 90°% PT;>5GeV, and PT,>5 GeV.
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‘ B Physics. Pseudo-Rapidity Correlations I

Parton & Hadron Level: Pseudo-Rapidity Correlations

Pseudo-Rapidity Correlations ds/dh1dh2

(1/s)ds/dh1dh2
0.025
Herwig at 1.8 TeV

1 =b-quark or B-mesons
0.020 T~ 2 = bbar quark or Bbar-mesons

|PT1|<5 GeV |PT2|<5 GeV / / \ \

hil-phi2|>90 de

0.015 T Ip phiz 9 /

0.010

|eta2| < 0.5

0.005

0.000 -

Pseudo-Rapidity b1

\-ﬁ-Herwig b-quark =™ Herwig b-quark —®=Herwig B-mesons —®=Herwig B-mesons \
Plot shows (1/s)ds/dh,dh, versushq, for 1= Db-quark and 2 = bbar-quark and for 1
= B-me@ons(B“L,Bo,Bso) and 2 = Bbar-mesonsat 1.8 TeV with |h,| < 0.5 and with 1 <
h, <2and |f ;-f 5| > 90° PT;>5GeV, and PT,>5GeV.

Parton & Hadron Level: Pseudo-Rapidity Correlations

Pseudo-Rapidity Correlations ds/dh1dh2

(1/s)ds/dhldh2
0.020

Pythia at 1.8 TeV
1 =b-quark or B-mesons
0.015 1— 2 = bbar quark or Bbar-mesons
|PT1|<5 GeV |PT2|<5 GeV
|phil-phi2|>90 deg

|eta2| < 0.5

1<|eta2] <2

0.010

0.005

0.000 -

Pseudo-Rapidity h1

\—O—Pythia b-quark —°=Pythia b-quark —®—Pythia B-mesons —®Pythia B-mesons \
Plot shows (1/s)ds/dh dh, versush, for 1=b-quark and 2 = bbar-quark and for 1
= B-me@ons(B“L,Bo,Bso) and 2 = Bbar-mesonsat 1.8 TeV with |h,| < 0.5 and with 1 <
h, <2and |f ;-f 5| > 90°% PT;>5GeV, and PT, > 5 GeV.
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‘ B Physics. Pseudo-Rapidity Correlations I

Hadron Level: Pseudo-Rapidity Correlations

Pseudo-Rapidity Correlations R(h1)

R(h1)
0.0
1.8 TeV |eta2|<0.5
| 1=B-mesons 2=Bbar-mesons
-0.2 [PT1|< 5 GeV |PT2|<5 GeV
|phil-phi2|>90 deg
-0.4
-0.6
-0.8 1
T eta2
1.0 : 1 1 < 1 ’ 1 : : 1
-4 -3 -2 -1 0 1 2 3 4

Pseudo-Rapidity h1

""‘Herwig B-mesons ~™|sajet B-mesons ~® Pythia B-mesons ‘

Plot shows the normalized correlation function R(hq) versush, for 1 = B-mesons

(B+,BO,BSO) and 2 = Bbar-mesons at 1.8 TeV with |h,| < 0.5and |f ;-f 5| >90°, PT,>
5GeV, and PT,>5GeV.

Parton & Hadron Level: Pseudo-Rapidity Correlations

Pseudo-Rapidity Correlations R(h1)

R(h1)
0.0

1.8 TeV 1<eta2?|<2
09 1=B-mesons 2 =Bbar-mesons

Rl |PT1|<5 GeV |PT2|<5 GeV
|phil-phi2|>90 deg
-0.4 ///./././ \\
e

-0.6 / / ~—0—.
-0.8
' eta2 '
L.
1.0 T T t t t t t
-4 -3 -2 -1 0 1 2 3 4

Pseudo-Rapidity h1

‘-"‘Herwig B-mesons ~™|sajet B-mesons ~® Pythia B-mesons ‘

Plot shows the normalized correlation function R(hq) versush, for 1 = B-mesons

(B+,BO,BSO) and 2 = Bbar-mesons at 1.8 TeV with 1 < h, <2 and |f 1-f 5| >90°, PT; >
5GeV, and PT,>5 GeV.
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