Measurement of fraction of
bottom quark pairs produced in 1" X
the same hemispherein f

® f

Study uses sample where one \

bottom decaysinto aJY and the

towards

other bottom decaysintoaSLT e
electron or CMUP muon Df - b
® Measures number of bottom [ by ‘
quark pairs by fitting ct of the | Y
JIY and d, of the additional N
lepton simultaneously using an S/ b +

unbinned log-likelihood

Try to study relative rates of the
different bottom quark
production mechanisms using
angular correlations (Df )
between bottom quarks

r-f View

|+

X
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Motivation (1)

e Sin(2b) studies had - B@IYKE
large fraction of lepton - signal (sideband aubtrocted :
flavor tagsin same + + :

enipheesstuly 8 I b T 4T T

L

S5LT candidate
Lh

decaysin the azimuthal 5 2 o o ! 2 3
dy(B=5LT)
angle. | | B%® JIY Ko
® Df not consistent with £ s ‘ ARERER ERERE EREEN RERFNF:
smulation % signal [sidebond subtracted) + 2
E 10 '_
e Thisstudy was k + JF
B
undertaken to better v + JﬂL 4+ + + ++ +
understandlocationOf Ill::'lllllIIII|I"'—]IIIII|IIII|IIII|
flavor tags for Run |1 co T | * iilast)
measurements

Bottom Meeting, Oct. 30, 2003 Bottom Production Azimuthal Correlations(Pre-blessing)-Anthony Affolder  Slide 2



Motivation (2)

« Atlow DF betweenthe
bottom quarks, gluon
splitting and flavor

eXCI tatl On Sepal'a[e from o b-quark Correlations: Azimuthal A¢ Distribution
flavor creation e THAIGTECH:
® No DF cut between JY and | i<t b=

lepton necessary

— Only B.~JY | X and
b-=>JY I X produce
candidates from same

daitkp {pbided)
Lo
2
[=]

bottom decay m: . . Fo .
* Measurement of angular e
= [——Pythla Total Aaver Creath RAaver Exchatlon = = Pythls Fragmentation |
correlations can be used to
tune leading-log
generators

® Pythia, Herwig, Isget, ...
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Production M echanisms

e Bottom production proceeds through
three categories of diagramsin
perturbative calculations

® Flavor creation

— 2 bottom quarksfinal state in hard
scatter (showering MC)

® Flavor excitation

— 1 bottom quark ininitial and final
state in hard scatter (showering MC)

® Gluon splitting

— No bottom quarksin initia or fina
state in hard scatter (showering MC)

— Also known as shower/fragmentation
e Inshowering Monte Carlos,

mechanisms generated separately and
added

R R R

] b

Flavor Creation (o)

g

b
E
g g

Flavor Excitation (o)
b4
T E——
BOoO 000
RBTET s b
Gluon Radiation (¢,

| E
ST b

Interference Terms (a,)

Gluan Splitting (o)

b TS i
%g
R R L

Gluon Radiation (&)

é :B
E b

4
Interference Terms {a".)
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JY Selection

o Searchfor JY inlow py o Tight track quality

di-muon triggers ® Both stereo, axial hitsin drift

chamber (CTC)

e Muons pass atrigger
® At least 3 of 4 silicon layers

* Muons pass py (SVX') with hits
requirement . 2.9<M,, <32
® Varieswith trigger . :
) - ® Signal region
* Vertex c<probability>1% My —M,, [<50 MeV
* Good c? match of tracks ® Sidebands
to muon chambers — 2.9<M,, <3.0
® c2<9(r-f) - 31<Myy <32

® ¢c?<12(r-2)
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JY Candidates

« 177650 pass selection I - L
. . . . 3 7000 -.J/_'-If s!gnal region. _E
¢ Flt Wi th 9 gnal + S deband g 6000 J /¥ sideband regs-::sn_;
® Signa 2 G(x,s) Eiﬁﬁg ;
. . » 3000 | =

® Sideband 1% order polynomial £ 2000 |
— 2™ order polynomial used asa  [“ 1% ¢ ST

' 29 295 3 308 31 315 32 325 353
systematFlc check of Shape J/¥ candidate mass (GeV)
assumption

. R,,=0.501 + 0.000043 (stat)

T I LI L I T T | L L | L I L
J /¥ signal region 3

J /¥ sideband region ]

® Ratio of random track : ., :

combinationsin JY mass signal / *“'**w et
7 A \tmh N

I.\\‘J\\I\\.\l\d'l“‘l\ L1 1 |I | L1 l
VS S deband regl on 2.8 2.85 3 3.05 3.1 3.15 3 2 3.25 3.3
J/¥ candidate mass (GeV)

Events per 0.002 GeV
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Standard SLT electron selection except:
® Sliding dE/dx cuts
— Same as B_ discovery
® Quality Track
— Both stereo, axial hitsin CTC
— 3+ SVX hits

pr>2GeV/c
Conversion removal
® 15 candidates vetoed in JY mass signal region
312 candidates found in JY mass signal region
® 107 Towards (Df <p/2)
® 205 Away (Df >p/2)
92 candidates found in JJY mass sideband
region
® 45 Towards (Df <p/2)
® 47 Away (Df >p/2)

EE-T- 1 S T

CDF Preliminary (1994—1995)
— — v F 0= . v T . .

175 -

- 3
<3 B E
oy F = E =
= (=2 o E E
i o 05 =
g - 5 E E
= — % 0125 =
—-— B [— - < 3
= = E =
g E oo =
R = E
a0 [ — 0075 =
= 0.05 E
o [— E =
= 0.0Z5 . _H
oL L o M=)
o 5 10 1.5
pr (G=vD E/p
—_ 0z T T T — 0.2 T T L
To1rs B 4 Toars | -
@ = = ar = 4
o = ad (=5 = =
= D15 & - < O- = —
=4 E = R E E
So.125 & = = = —
E oo | 4 & oE =
c.o7s EF1 i 3 =
= E E
oS — —
H E E
o.02s — —
o R S S E
0.3 1.85 =
E." oo E Pars
CDF Preliminary (1994 —1995)
g O3 ——————————7—3 g 02— 3
(=] q © E . 3
o — 0-15 1 =
< = :E =
pul s E
0 8 0.9 H E
= = = E
.2 = 0.05 5l
= = E E
[ e = =
2 = o B L E
x> L= ] 1 =z
Ar
o.8

Fraction per 0.8

Fraction per 0.8

Black histograms-SL T electron candidates = é f
Y ellow histograms-Conversion electrons E =L i
dE./dxere
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e« CMUP muon

® Same c? requirements as JY muon
o Quality Track

® Both stereo, axia hitsin CTC

100 -

Events per 0.5 GeV

® 3+ SVX hits . L A B
e p;>3GeVic ’ 5 " T e
e 142 candidatesfoundin JY mass O3 'E T
signal region =T -

Fraction per

® 64 Towards (Df <p/2)
® 78 Away (Df >p/2)
e 51 candidates found in JY mass
sideband region
® 34 Towards (Df <p/2)
® 17 Away (Df >p/2)

Fracticn per 0.25 GeV

Fraction per 1
Fraction per

Black histograms-SLT CMUP muon candidates
Y elow histograms-JY CMUP muons

ngﬂl U
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Fit Description

Binned unbinned extended log-likelihood
Bindatain JY mass(signal/sideband) and Df (towards/away)

Inputs to the fit are the measured impact parameter of SLT Iepton
and ct of JY

Fit uses impact parameter and lifetime templates in order to
determine number of events from each source

Fit includes external constraints
® Number of found conversion, estimated number of B events, etc.
® Constraintsarein all capital letters, fit valuesin all in lower case

Similar of B, Discovery Fits
® CDF Note #3991
Fit described in CDF Note #6263
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Fit Description(2)

e Fit Breaks Up Into 3 Components

® Global Constraints

— Ratios of residual/found conversions, sideband/signal region for JY
background

® Bin Constraints
— Number of sideband, signal, conversion events measured
— Estimated number of B, b=>JY |, X events
® Shape
— Impact parameter and ct distributions for each of the event sources

towargs.away & N u
L = (Global Constraints) () @&Bin Constraints)i () (shape(doj,ct)))
i@ j 0
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Event Sources

Impact parameter and Impact parameter and
pseudo-ct uncorrelated pseudo-ct correlated

« JY e Occurswhen JY and leptons
® Bottom Decay originate from the same displaced
® Direct JY vertex
® Sideband ® B,2JY I X

e Additional Lepton ® b=>JY g, X

® Direct Fake Lepton

® Bottom Decay
— Includes sequential charm

® Candidate with JY candidate in
mass sideband

® Conversions (electrons)
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Event Sources (2)

e Uncorrelated
® JY from bottom decay- Lepton from bottom decay (nbb)

® JY from bottom decay- Direct lepton (N,y)
® JY from bottom decay- Conversion electron

® Direct JY - Direct lepton (Nyy)
® Direct JY - Conversion electron

® Eventswith JY candidate in mass sideband (Ngye)

— Direct JY - Lepton from bottom decay (ny,) is assumed to be small
and set equal to zero.

o Correlated
® B,~2JY 1 X (Ngg)
® b=>JY lge X (Ngfake)
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e Uncorrelated bottom and
direct JY shapes determined

by fit to entire Run 1B sample
® CDF Note #5029 (R. Cropp)

e Fitresults
® 221504270 Bottom
® ctg=442+5nmm

® 16.6+0.2% Bottom
® CDF Note #3460 (H. Wenzel, D.
Benjamin)
— 16.69+0.16% Bottom
t ;=452.4+4.6 Mm
® CDF Note #5029 (R. Cropp)
— 17.62+0.16% Bottom

— Ct5=445.0£4.8 nm

CDF Preliminary (1994—1995)
T g T AT A g W W gy O T T g TR A AL gf o W oF

Events per 50.0 um
5
€]

-
o
¥

10

N RS e | e e gy pelley
—0.1 5] 0 5 D.4
JO¥ S|debc1nd pseudo o {cm)

CDFF‘r'eIm inary le‘EH- 1995}
iy

Events per TZ.5 um

- Total Ft
,-1 Bl:-:l-tg ound
f - Mrect
— Battom Decny

.1 oz
J% candidate preuda—ar {sm)
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Bottom Impact Parameter Template C

== e

 Templatefitto Monte Carlos  « Event selection

e Pythia5.6 using CTEQS3L ® JY
PDF — DIMUTG
® Generate flavor creation, flavor — Pr sa.measdata
excitation, and gluon splitting — Quality tracks
separately. — Vertex Probability >1%
® Combined in Monte Carlos — JY mass signal region
predicted ratio. ® Additional lepton requirements
— are same as data except:
 borbforcedtodecay to JY | o
— Cc2requirement not applied to
muons

— CPR, CES, CTC dE/dx
efficiencies applied using
measured efficiencies
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Bottom Impact Parameter Template C

£ 10% grrr e e
0 Bottom k. ¥ Monte Carlo
= j05 o e — Fit
s}
g 10
s
e Thecombined sampleisfitto & "
i I i -2 N I T N I ST [NV A ANV A S Y
afunCtI On to InCI Ude In e —D.I1 =0.08=-0.06-0.04-0.02 0 0.02 0.04 006 0.08 0.1
unbinned likelihood fit G
e Fitstoindividual mechanisms ¢ " g
.. 0 F Bottom , — Flavor Creation 13
arevery smilar 5 L /™, — Flavor Excitation]
5 o L -
g
o
Y
£ i
—4
L AT I

Impact Parameter (¢m)
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Direct Impact Parameter Template U

e Direct template determined by
Monte Carlos

§ é_Direct ik % Monte Carlo 3

® Heavy flavor backgroundinjet 8 ., L F i
. . . e 3

samples has similar size/shape g 3

to tail in impact parameter e :
resolution function 5 e .
® Pythia 6.129+QFL’ e e e

] ] Impact Parameter (cm)

— Lepton Fiducials g A" -

— pT>3 GeV/c (muon) Y 120 - Direct * P;_:‘I'?nte Carlo

o C - ri ]

— py>2 GeV/c (electron) s U E :

— Quality Track § so E -
 Monte Carlos fit to smooth gk :
function to include in R 'c'>'| o.b“z"tééi;'d.bé; c'i.'o('a' %1
unbinned log-likelihood fit RS TR
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Muon Electron

CDF F'rellmlnury (1994—1995) (L‘BF Prellmlnn:lnr (1984=" IQQE}
LR TP A T ] 13 e E it LR B N 0 S R TT ] FRECNRLIS B DRLICRESL LA TR W | B R IR
E1E E me:lrdﬁ E E1ﬁ F T-cw]urd'a_ EZU - - E'."Cl : &
14 3 3 E 4 C | :,_ [ Tewards ]
o 1014 £ = = i 1= d ]
o 12 dciya E T 3 o5 l Towards 519 [ i =
10 ! EI - i | i 1S ¢ i ]
1810 F ik = & : 18,4 F i i
» B o8 55 3 »10 [ 5 1w | i E
o B 1% & i— : : = = C : 15 i
G 4 4 4 = &5 [ 4 5 - 3 =
z 4 2 F - o g
u = i 1 0 -I-I' +I+ -l-.:i:l- (=X hj- u L - 1 G '|I *’t J- #l-r-l hal
=03 0 UE 04 48 -l'.'ll'l -—D ELERNN 008 O =025 0 D25 45 075 ={}.2 " -—ﬂi 418 0.2
peeudo—cT {om) Impact Parameter {ecm} pseudo—cT [em) Impact qu-:lrrl eter (cm)
FrorryTTT T gl prrrprrrrTr g S RAA RS RS RERRR EREEE RS RERRS RERES
EH:I = Awu_r __E E Away ] E EW 1
o r 1=10 7 15 - = :
L o i ] < 12 r 3
el C 1o af . = 1o 18 ]
2oF 4 155F om0 2ot e 18 & ey
e f 12 7 ¢ b 1 s 42 ’
e M ek 9 & = T
D :u ..‘L | -'i‘l—J- rice Lo kLo |: ﬂ :u i |J.J--|-r'i--| | |--i'l-|-LJ L |: D il J"{ 1 L u : T -l- 1} }-1-1
=02 d o2 04 08 =01 =005 D Q05 0 -0...‘7_'5 o I:I'?E- ﬂﬁ 0?5 —02 =01 0O 0.1 D,E
pseudo—cr fom? Impact Parameter {cm} pseudo—cr (cm) Impact Parameter {cm)

e Theimpact parameter-ct shape used to describe events with JY in mass
sidebands fit for using sideband data

® ct and impact parameter fit independently
® In electron sample, conversion component added to fit
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e Conversion candidates (with
SV X hits) and electrons from
bottom MC have very similar
absolute impact parameter
shapes

e Signed impact parameter such
that majority of conversion
have positive impact
parameter (see next dlide)

® Sign(C) d,

CDF Preliminary (1994—1995)
T

E Cd Mehn' © " 0.1350E-01 ]

i RMS 0.1392E—01

o 10 1L Conversion data

(] £ ]

d -

) | —

[ £}

4

c

L]

g1 F |
i 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1 I 1 1 1 T
0 0.01 0.02 0.03 0.04 0.05 0.06

Impact Parameter (cm)

£ P T [ Mebn T T 0,13B5E-DY

Yoo RMS 0.1352E—01

«t = =

O c Bottom MC

o

o

| .

Q

[

£ 10% e

[t £

o

2 ]
=1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 | P
0 0.01 0.02 {d.03 0.04 0.05 0.08

Impact Parameter (cm)
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|mpact Parameter Signing

|
+ 1
e C
1
|
1
Lt
, €
1
|
1
|
1
|
i 1
h !
n l
;.'f ' 1 ¥
_’- \‘\ 1 ‘\'\
& \ | '\_\
g * 1 3
/.’ g | "‘
<‘ '
" : Impact Paramgter Y
\-\‘\"-. 1 -.‘
@ o @
T -t 1
Impact Parameter 1 ;
| !
! .
Positively Signed Impact Parameter : Negatively Signed Impact Parameter
|
1
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Conversion Sample (1)

 Conversion found in JY
sample are mostly positively
signed
® But large impact parameter tail

and conversion radii outside of
SVX layer 2

« How can 3 SVX hitsbe
attached to theses tracks?
® Large impact parameter yields a
higher SV X search road
® Higher false SV X hit attachment

Events per 0.005 cm

Events per 1.0 cm

—

L B L I L B I [ 4 T R

Lo B O R

< M e QO

CDF Preliminary (1994-1995)

T T Ve T T T e e W TR Ve it B RE e
;_ PN T T I T B MR ||||| l :
-1 -0.8 -0.6 -0.4 =02 0 02 04 06 08 1
Impact Parameter (cm)

__ T | lDI T T | T T T | T T T | T T T°T | | I__
= E 4
- 2 .

-

ol ey o
: 835 5
3 S 5 E
[ B e 1] ]
: IS W b f
3 R ﬁ E
E| | | 1 | | | IH | IH | 1 1 ||-| 1 1 1 | 1 1 | |E
=20 =10 e 10 20 30 40 a0

Conversion Radius (cm)
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o Effect can beseenin

conversion radius vs. impact
parameter plot

® Conversion candidates have
expected impact parameter -
conversion radius relationship

® Larger scatter at high conversion
radius because at least one SV X
hit mis-attached

— Resolution closer to CTC only
tracks

—_—

o
e

Impact Pararneter {cm)
5 o o
ia = o

L)

|
g
ha

-C.4

-1

CDF Preliminary (1994—1995)
L R R R L U

_ Predicted d,—radius relationship (dg=¢,R")
(Average curvature Lsed)
L L1 1 1 | I I | | L 11 1 | | | | I | | I I | | I | | | Y I ]
=20 -10 0 10 20 30 40 50 80

Conversion Radius (cm)
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— Conversion
(>3 svx)

23
3

e Construct conversion impact
parameter template from Monte
Carlos

® Sample not large enough to measure
from data directly

® Candidates with at least 3 SV X Hits :
® Candidates with lessthan 3 SV X o)

. 10 cor b P bl Wl e P g (R I S IR
hits -0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

« Relative amount of each component Impact Parometer (cm)
set by distribution of conversion
radius seen in data

® Fraction of conversion candidates
inside 6 cm in Monte Carlos
matched to what is seen in data

— Fraction of two components varied
within statistical errorsin datato (=
estimate systematic uncertainty due ;
to low number of found conversion ol

foundin JY dataset -04 -02 0 02 04 06 08 1
Impact Parameter (em)
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"B — Fit 3

o
[

Events per 0.002 cm
|

L L Ly I s s B B
= Conversion{ <3 svx) illi_dﬁntecqno—;

Events per 0.0002 cm




Conversion Impact Parameter Template

CDF Prehl'l‘llﬂﬂry (1 994—1 99 5)

* Dutn
Conversmn — Fit(STD SVX %)

— Fit(STD—1g SVX %)

Events per 0.02 cm

EI
R -L' SR LAR IL TR R AL
T
I_n_ﬂ—r.
| L1l

AL LU

0.4 0.6 0.8 1
Impact Parameter (cm)

| F
D._
g
|
=
M
o
o
2

Constructed shape describes conversion impact
parameter shape remarkably well
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Residual Conversion Estimates

e Residual conversions assumed to be caused by
Inefficiency of tracking at low p; and of conversion
finding algorithm

® e, (p7) Istracking efficiency of softer conversion leg
® e, (cut) isthe efficiency of conversion selection criteria

 Ratio of residual/found conversions (R.,,) IS.

I:QCOHV = IDCI’]V ° (1/ eCﬂV(pT)/ eCI’]V(CUt) - 1)
® P, Isthe purity of the conversions removed

— Assumed to be 1.0

®R_,,,=1.00+0.38

— Approximately 15 of 312 SLT electrons are conversions
B, measurement had aR_,,, of 1.06 +0.36

conv
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b® JY |

e Number of events with a
bottom hadron decaying into a
JY and a“fake” lepton

® Punch-thorough/decay-in-flight
(Muons)

e Estimated using B, analysis
fake lepton rates and
techniques

® Bgenerator(NDE)+QFL’
® Detallsin CDF #5879 and
#6263

Decay-in-flight
® 9.9+2.4
— Using B, Signal Cuts
6.0+1.3 Predicted
5.5+1.4 B, Analysis

Punch-through
® 1.76+0.88
— Using B, Signal Cuts
0.83 +0.33 Predicted
0.88+0.35 B, Analysis
Fake electrons
® 2.85+0.75
— Using B, Signal Cuts
1.8 +0.6 Predicted
2.6+0.3 B, Analysis
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b® JY |

e |Impact parameter-ct shape

determined by fit to NDE 04— e = =] .
Monte Carlo E._° + : i

« Muons required to: >k A
® p. >3 GeV o 1

® CMUP fiducial L
-0.2 -0.1 0 0.1 0.2
— CWUSWM

Impact Parameter(cm).
® Quality Track B
« Electrons required to: SR B

® pT > 2 GeV 0 T 3 3
® Electron fiducial ___SSm Biw e
® Qual Ity TraCk = . ¥ |rﬂ|:u:1t':tGF"llrvzl|'r'|eter(-:r'rio).2

.......
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B.. ct-lmpact Parameter Template

e Number of B.=>JY | X
background (Ng.) determined
using published B, cross section
ratio and efficiencies and fit
number of B> JY K*

® See CDF #5879 & # 6263
® Nm, =7.2+26,,
® Ne,=10.0"3%,,

« All B, intowards bin

e |Impact parameter-ct shape
determined using B fragmention
Monte Carlos + QFL’.

® E. Braaten, et. al.

Monte Carlo

0.1 0.2

=02 =1 !
Impact Parameter{cm)
7 R EE AR R
| T T T T T T
0.2 -1 0.1 0.2

Impact Parameter{cm)
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CDF F’rellmlnar’y (1994 1995)

CDF Prellmlnary (1 994—1995)

— Total F't

F LT Top Tl T
L B aarithpenie) “TotalAit 1 |§ [ Away (ag>n/2) :
=B e —bbFt 3 [5'0 F ~ bb Fit 3
e C T o “‘ ]
2t 1 e
iy
10 ° o L‘—|_|_|_|_|_% 10 E Al
= I I T T T T M N M T AT AT AN T TR A IS SO A A S Ev oo Lo v bbbl v vy v vy o g g0 3
-0.7 -0.15 -01 -005 O 005 0.1 0.15 0.2 -0.2 -0.15 =01 =005 ¢© 005 041 015 0.2
Impact Parameter (cm) Impact Parameter (cm)
T T T T T T T T T T T T T T T T T T T T I T T T I I* T T
g — Total Fit j g 10 + e Tcitcl-l-'lt
o — bb Fit e, Er " 5 — bb Fit
e TY & 1 J_,_,_r'j 5
© o100 Away (Ap>m/2)
@ Toward {Ap<m/2) < :;.»‘_ ' ;,_,_,_r tttt%
be 4210
[ = =
E Qo =3
> ERNESTY
—4
‘E 19 | | | | |
0.4 0.6 'D'_B' 7 0.2 0 0.2 0.4 0.6 0.8 1
pseudo—cT (cm) pseudo—cT (cm)
+0. 092
i towards™ 345 0.082
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CDF Preliminary (1994-1995)

Parameter | Fit Result
Ny TR0 o
nbdt 1.6 +4.6_ ’ 9
Nad 11.3%4 45
nbba 43.6 +10.2_ .
Npg” 8.179° 75
Ny 16.0 > ¢,

Parameter | Fit Result Constraint
lyde 0.501 *0%4 J ., 10.501 + 0.044
Ngfake 10.7 ¥2>_, ¢ 11.7+ 2.6
e 5.1"2% 55 7.272% 5,
Ngde 3297 ¢4 34
N g8 18.2 +45 - 17
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CDF Preliminary (1994—1995)

Events per 0.01 cm

% Toward (Ap<m/2)

— Total F|t
— bb Fit

CDF Preliminary (1994—1995)
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Impac

0.5
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.
S
& ¥

. | L3

Toward (Ap<nw/2)

—

Events per .01 ecm

N

by

I
4

T
T

A T

]

N

— Total Fit
— bb Fit

Impact Parameter {cm)

0.5

i
—
o

[

Away (Ap>m/2)

—
faie]

Events per .01 ¢

N

\
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CDF Preliminary (1994-1995)

Parameter Fit Result Parameter Fit Result Constraint
t +11.7
I’]bbt 29.6 — -10.4 s de 0.504 +0.04_ 0.04 0.501 + 0.044
Nyg 157 g4
r 0.99 +031 1.00 + 0.38
Npcony' 0.6 (Constrained) conv — -0.28
t 37 () +80 NBfake 2.8 45 2.85+ 0.75
Ny . -7.3 Nec 10.0 +3.2_ 22 10.0 +3_5_ o
£ 28"y, n 8929 9
N,..2 124.7 +17.9 convside . 204
bb -16.7 ot 454 69 e
a - +12.5 side : -6.2
Npg 147> 15, - A 47671 p
Nocor® | 1.2 (Constrained) Sde -6.5
Ngg® 49,5492 ¢ Constrained Ny, =0.20 Nyeony
Ny 2 6.0 +2.6 (Ratio of JY from bottom/direct)
dconv - -22
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250 - Constant T 7 1ze.2'x T

e 1000 Toy Monte Carlos

Mean 01862 + 0.1965E—02

samples made using assumed
ct -impact parameter shapes
and with similar numbers as
data

® Fitted results for all components

has lessthan 0.1 (0.1) event bias ~ L
and pulls of .95-1.08 (.94-1.05)  COF Prefiminary (1994—1995)
for electrons (muons). il ZoM Yy
® Thefitted f,,,qcOnsistent with |2 __ | 2 i
input value and width of . £ ;
distribution consistent with the so |- } :
error returned from the fit of so [ ]
data *F :
° 5z o' e
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e The fitted minimum of log-
likelthood In datais also
consistent with the
distribution for the toy Monte
Carlos assembles

® Electron: 50% of trials have a
larger likelihood than data

® Muon: 20% of trials have a
larger likelihood than data

-
s
=}

CDF Preliminary (1994—1995)
: : : . : : , . :

o]

Lo
= Ez)
;W o
> =
< 120 £ =
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o
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o
i
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80 —
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0 n L 1 | L s s | L s s ]
~ 2200 —Z000D . —1800 i — 1600
Minimum log—Ilikelihood
CDF Preliminary {1994—1295)
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Fit Systematics

o Sequential fraction varied by
+19%

® Asin m mand mjet
correlations papers

« Bottom lifetimes varied by £1s

« L fragmentation fraction
varied by x1s

» Conversion shape varied

o f . Vvariedby +1s and JY
shapes refit

e Fitre-donewith Ng'0

* Ny =00rN,,,=0 and refit

« Direct d, shape parameter
varied by £1s and re-fit

® AsinB_lifetime analysis

Electrons | Muons
Sequential Fraction +0.001 +0.003
Bottom Lifetimes +0.003 +0.022
Frag. Functions +0.001 +0.002
Conversion d, Shape | +0.002
fack (JY shapes) +0.0002 | +0.0001
Ngo +0.001 +0.02
N geor/ Nbcony +0.001
Direct d, Shape +0.003 | P 0010
Total Fit Systematic | g0 | "% 003
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Correction of Datato Quark Level UCSB

&
jw]

v
5

« To compare to theory predictions, the S 3o S 50
experimental measurement is corrected tothe |20 ¢ | 210f =
quark Ie\/el “ CoTho zo s0 a0 s0 P 70 2o S0 40 50

Hottam Quark py {J% leg) Eottom Quark py {Electron leg)

Bottom Cuark pr {J,79% leg EBottom Cuark py (Electron l=g)

® Thep; and ly| in which 90% of Monte Carlos 3 E I E T Favad Eecieotion ]
passing the selection criteriathat have a S § ]
smaller p; (higher y|) isfound - ] £ ]

® f,yqs OF the Monte Carlos is measured & moot cumen 3, uﬁfﬁ o> é’ouolnoaufrﬁ’p, czé?ecti.ﬁ oy
with/without the addition requirements S0 (K

® Ratio with/without cuts is the correction Zzo0F el
factor for B hadrons to partons 0 gy pg g g 0 St

— Asin B rapidity correlations & m mcorrelation
measurements
» The correction factor given by Monte Carlos
combination of FC, FE, and GSis central
value of correction used
® Maximum difference for one production

mechanism from the average is used to
estimate the systematic uncertainty in

E ——T T g
E Flaver Creation —

Events per 0.2

Ea. 0 L L P agn ] ey 4
[ [ R~ 1 1.5 P
Bottem Quark Iyl {Flactron leg)

Events per 0.2

E bl I..:
O o5 1 15 =2

correction 3 ;
. Ce,,,=0.967+0.019(stat)+0.088(sys) e . 3
o CmB® b20968i0026(stat)i0061($/$) B DA Il (L:.?'r,ﬂ' Ieg)2 Ogo&omoéiurk |;| (Elecl}ir:l;.;)z

Bottom Meeting, Oct. 30, 2003 Bottom Production Azimuthal Correlations(Pre-blessing)-Anthony Affolder  Slide 35



Theory Prediction

Electron Fid (p >56.8, Iyl <0.87 pr>4.3 Iyl < 0. 99)
1 ———r—

* NLO QCD predictionsis B L NRSToS e 5 el ' b el
~ 0.9 [ m MRSTIO me=>5.00 GeV u=1 k=0 GeV =

. =~ a4 MRST99 m,=4.50 GeV u=1 k=0 GeV 1

made WI th M N R = 08 F—Total Pythia 5.6 CTEQ3L =
e I ——FC Pythia 5.6 CTEQ3L 1

& 0.7 [ ——FE Pythia 5.6 CTEQ3L —4—]

® CTEQ5M and MRST99 used o £ BeOTEAS -
S 0.6 [ ]

=l =

= 1

< 0.5 ~

® m,isvaried from 4.5-5.0 GeV
® Renormalization scaleis varied
between 0.5-2.0
e Effectsof largeinitial state
transverse momenta made by T i
varying <k> between 0-4 | = wrstes : _:zz e 1
GeV

® Implied isthe same method as
diphoton (CDF #4726), mb _
(CDF #3165), and m m(CDF
#3374)

Q
o

2
to

——FC Pythia 5.6 CTEQSL
}—FE Pythia 5.6 CTEQ3L e
[ — OGS Pythia 5.8 CTEQS3L ——

do/ce™ per bin{n/12 rad
o
o] ~
I

o
(]
T

@
a
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Comparisons between PY THIA/MNR (1)

Electron Fid {(pr > 8.8, IyI'<0.67 pr>4.3 IvF<0,99) Electron Fid {(pr > 8.8, IyI'<0.67 pr>4.3 IvF<0,99)
— I T ) B S R T L[5 N —_ 77
= - — Tetal Pythio 5.6 CTEQ3L |5 - —Totul Pythlq 5 5 CTEQSL—
o 1 = o o : |
2 : —FE Pythia 5.6 CTEQ3L | |9 I —FE Pythia 5.6 CTEQ3L
= i — G5 Pythia 5.6 CTEQ3L A = % —GS Pythia 5.6 CTEQ3L
= - i . = ® MNR CTEQSM k=0
= i & MNR CTEQSM k=0 £ — m MNR CTEQSM k =2
?g_ i B MMNR CTEQSM k=2 :g_ i & MMWR CTEQSM k-,—4
a a MNR CTEQSM k=4 a
8wy 3 -
Rl s
~ i N
S - S 10
_2 B
10 — -
-3 ) | -
107 - 10

e Bottom quark p; andy (not shown) very similar in PY THIA and
NLO (MNR)

® Three production mechanisms in PY THIA also have very similar
distributions
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do/dp™ ub per bin(0.5 GeV)

« Bottom correlationsin PYTHIA and NLO (MNR) look similar
once a k; between 2-3 GeV is applied to NLO theory

Electron Fid {p:' >86.8, IyI'<0.67 p/ >4.3 Iy/°<0,99)

+
1

~ £
e MNR CTEQSM k=0
¥ MNR CTEQSM k=1
m MNR CTEQSM k=2
* MNR CTEQSM ky=3
MNR CTEQSM ky=4

LA LN S
E._ — Total Pythia 5.6 CTEQAL ]
! = EC Bythia 5.6 CTEQ3L ]
g I Eyfhfo 5.8 CTEQ3L ]
ythia 5.8 CTEQ3L_

do /dR™ ub per bin(0.2 rad)

Electron Fid {p, > 6.8, yI'<0.67 p2>4.3 Iy’<0.99)

— FC Pythia 5.5 CTEQ3L
L — FE Pythia 5.6 CTEQ3L
[ —GS Pythia 5.6 CTEQ3L
- o MNRCTEQSM k=0
MNR CTEQSM k=1
MNR CTEQSM k=2
MNR CTEQBM ky=3
MNR CTEQSM k=4

LI B | | T T 17T | LI | L T T T T
L—Totol Pythia 5.6 CTEQ3L
1

FdHAde

—.—
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Electron Fid (p, > 6.8, Iy <0.67 p2>4.3 y’<0.99)

—Total Pythia 5.6 CTEQ3L

L ——FE Pythia 5.6 CTEQ3L
[ —GS Pythia 5.6 CTEQ3L
: MNR CTEQS5M k=0

MNR CTEQSM k=2
MNR CTEQSM k,=3
MNR CTEQSM k=4

ds/de™ ub per bin{n/12 rad)

ds/de™ ub per bin{n/12 rad)

mf*‘

Muon Fid (py, > 7.0, IyI'<0.87 py">6.0 Iy’<0.61)

I B LN S Ea e i IR ER ™ B
- —Total Pythia 5.6 CTEQ3L
| —FF Pythia 5.6 CTEQ3L

| —GS Pythia 5.6 CTEQ3L

| ® MNR CTEQOM k=0

MNR CTEQSM k=2
MNR CTEQBM k=3
MNR CTEQSM k=4

L

0 .5 1 1.5 2 25 Sbr
Fa¥eo

DF also matches between NLO and PY THIA with a k; between
2-3 GeV
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CDF PRELIMINARY
. o '|"'.|"'|"'|'-1"

* Measured diphoton system p; Sam | el .
IS NOT cons Stent Wlth NLO ”‘(_1 —NLQC (Buailey et al.), CTEQ2M, Q*=E?
theory ‘:': G | - PYTHIA ]

. ol - -
® Average system p; in range of 3 j
2-4 GeV. 2015 - 1 ]
: . 2 I,
 Measurement Is consistent = S W
. S i
with PYTHIA g W ! ]
® Includesinitial and final state | [ T —— —
radiation beyond NLO N — +‘
calculations ‘
L T S T T
Diphoton System P; (GeV/c)
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[ I I I I I I
MRST99 k=00 GeV —H— MRST99 k=00 GeV
MRST99 k=10 GeV —aH— MRST99 k=10 GeV ——
MRST99 k=20 GeV —4— MRST99 k=20 GeV —h—
MRST99 k=30 GeV —W MRST99 k=30 GeV —¥—
MRSTY9 k =40 GeV MRST99 k=40 GeV —5—
CTEQSM k=0.0 GeV —— CTEQSM k=0.0 GeV
CTEQSM k=10 GeV ’ CTEQSM k=10 GeV h—
CTEQSM k=2.0 GeV —f— CTEQSM k=2.0 GeV &
CTEQSM k=3.0 GeV — CTEQSM k=3.0 GeV ko
CTEQSM k=4.0 GeV CTEQSM k=4.0 GeV e
Pythia 5.6 CTEQ3L (stat. only) @ Pythia 5.6 CTEQ3L (stat. only)
| | | | | | |
0 10 20 30 50 10 30 50
O owars™ 0-334 T 4 576 7097 00 £0.023
corr,e — +0.063 +0.005 +
towards 0.186 -0.057 -0.006 +0.017
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Comparisonto SECVTX-SECVTX

| UCSB

Measured percentage of b pairs w/ A¢<n/2 (CDF Run [B)
| | | | | |
| FR T} —
J/¥+e -
SecVTX+SecVTX(LL) ke
SecVIX+3ecVIX(e) | . P ,
0 10 20 30 4() 50
Corr’qowards: 0.334 +O'089-O.O79 +O'O77-O.030 +0.023 This Analvsis
f corme warge= 0.186 0963 4 o ¥0005 4 s £0.017 '
fcomm age— 0.-264 £0.017 +0.037 K Lannon' s Analvs
o, o= 0208 40.013:0029 oS HTESES
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Conclusions

* f.owargsMeasured is consistent with the NLO prediction (MNR)
with a <k;> with arange between 0-3 GeV
® Most consistent with 2 GeV

® MNR with <k:>=4 GeV disagrees with thef ¢, 4 Measurement at the
3s level

e The measured value of f,, .4 agrees with PY THIA when
combining all three bottom production mechanisms

® PYTHIA flavor creation only disagrees with measurements by 3.4 s
and 2.1 s for the muon and electron samples, respectively

* Measured f,,,,4s COMpletely consistent with DF measured in
B*® JY K*and B® JY K%

 PYTHIA and NLO kinematics agree once a <k > =2-3
applied to the NLO prediction
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) R e L R I e e i e 0 80 e e e e
; 12 = Tight Conversion Selection 3 :1 70 L Loosest—Tight Conversion Selection 3
- = = E 3
2 14 E 3 g 50 3
v 12 = w 90 B =
=t E = 3
s 10 F = E 40 B 3
> E 3
) 8 = |f| E 3
30 B =

6 el E 3

4 b 3 20 3

2 B = 10 B =

D e l Ll l L l Ly II L1 Il e l 1 !__& L l . % I g I: E| 11 1111 | | £ 5B i § II 11 || 1111 | 11 I**% 1111 I 11117
15 20 25 30 35 40 45 50 55 B0 075 20 25 30 35 40 45 50 55 60

SLT passing leg dE/dx (ns) SLT passing leg dE/dx (ns)

m 20 :_I ! ! I I ! ! ! ! | T ! ! | ! ! ] ! I k ) ! ! | | T T I_: m T T T T I T T T T | T T T T | T T T T I T T T T | T T T T4
c E . ; . 3 50 [ i
~N 175 E Tight Conversion Selection : = c Loosest—Tight Conversicn Selection 3
= E 3 [ C =
8 15 ¢ = 2 40 ¢ + ]
2 A E 2 50 F -
e 10 F = @ o ]
B = - 1

25 E 3 R 3

O il | 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | o | O B L L L | | | L L L L | | | i '_._._._| — 1 :

10 20 30 40 50 60 70 10 20 30 40 50 60 70

Other leg dE/dx (ns) Other leg dE/dx (ns)

e e.[(cut) measured by loosening the conversion selection criteria
and fitting the dE/dx of the additional conversion pair candidates

¢ e,/[cut)=72.3+6.5%
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CDF Prellmmcry (1994—1 995) CDF Prehr‘nmcr}r {1 994— 1 995)
% T T I T T I T T I T I % I I T % 2 T T I T T I T T T I T I } 2 I T I T T I T I T
== F‘ower Law {3) | B = Power Low (3 5) 10 &= ower Law (3) 5 B107 ower Low (3 5%
310 #* Daota g10 #*  Data g = * E ta = g E * B fa =
‘:: ‘2 o; N Mormalized for ‘E E Normalized fer
> A : v
g- qa_j- g._lo érg pr> 0.5 Ge - 310 ?& > 0.5 Ge -
21 L - i) = J e« F 3
= = [ ~ -1 1
1 4] i 1 H] ~ 4 da» 4
> > = =
] L [T R . T Ju 4 L T T .
—1 —1 = 3 3
10 | 4 10 E E 3 3
P e i L e? ¥’ A, '—|ﬂ :
0 2 4 8 8 o oz F 6 8 10 o 2 + & 8 10 ] =z 4 10
Candidate e pr (GeV) Candidate e py (GeV) Ceonversion Pair pr (GeV) Conversion F’cur Py (Ge\.")
> TT I T 1T | T T | T 1T I T T T] } TT | 1T I LI | T T > T T I T T T | T T T | T T T | T 1T } T | T T T |
&J — Power Law (47 ] g — Power Law (5} .;3102 E — Bo{ver Law (4) — 3102 Borer Law (5} =
10 #* Daota 1o #*  Data I E * Daota = =
‘E 3 E E C Normalized for | ? Normalized far |
] >0, i
%_ _g_ &10 %k pr> 0.5 Gev . 8.10 pr> 0.5 Gav .
21 42 1 L 3 ) E . 3
[ Elr= 3 = F 4 = -
1 i) 4 i - [+ 3] ~ 4 d» 4
= - ] = =
L 7w ] O N = R -
:I 11 11 1 1 111 111 1 1 = :I 11 11 1 1 |: |||||| 1 | 1 | | | 1 I m I 1
0 2 4 8 B 10 [ 2 4 6 8 10 Q = 4 & B 10 2] 10
Candidate e p; (GeV) Candidate e py (Gev) Canversion Pair py (GeV) Conversion Pair py (Gev)

 e,,(py) caculated in manner similar to B, analysis

® Monte Carlos p® matched to measured conversion pairs p; above 0.5 GeV where
tracking is assumed to be fully efficient

® e, (p;)=# of found conversion (data)/ # of conversionsin MC (full p; range)

cnv

Eonv(Pr) =695(stat) £9(syst) %o
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 Tonormalizethe B,
background, the number of
B*® JY K* candidatesin
sample are fit

 Thekaon isrequired to:
® Bein SLT electron fiduica
region
® p; >2GeV
o 245+39 B*® JY K*
candidates fit

| UCSB

Events per 0.02 GeV

[
o
o

)
th

o
o

[
th

100

75

50

23

5.1

5.2

5.3

|
5.4 8.5 5.8
J/¥K mass(GeV)
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Direct vs. Sequential Leptons [ER5E

g 103 :—I T T T I T T T T | T T T T | T T T T | T T T T | T T T I—:
o C % ]
2 — Direct bottom :
z - ]
5 ! i
02k _
P 10 ; ;
c &2 =]
1 L -
=
R . ]
[N TN NN N [N TN TN TN T [N Y NS AN TSN (NN SN N NN N NN MY S Y S NN SN SN S
0 0.01 0.02 0.03 0.04 0.05 0.08
Impact Parameter{cm)
g T T T T I T T T T T T T T | T T T T | T I‘ T T | T T T T
S 102 L Sequential charm _
o e I .
= £ ]
- = L |
-+
"\E:‘;‘ - -
=i L .
1 B - =
LI}J 5 ]
- i
i 1 | 1 1 I 1 1 | | | | | | | | 1 1 1 1 | 1 | | | | | | | | ]
0 0.01 0.02 .03 0.04 0.05 0.08
Impact Parameter(cm)
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