| -
ol

Ine

<t =g

ICFP 2005

For the D@ Collaboration

Leonard Christofek, KU



!

o

sides and angles of THE
unitary triangle

- - - 2 , -
l;l Relates quark Ve Vis Vi ] - % A A)\3(,0 1)
mass and _ ~ \2 9
mE . Vo =] Vg Vs Vo | 3 s 7 A\
B= | cigenstates _ Vi Vis Vi | [ AN(L-p-ip) -A) |
—
B B B SM: CP-violating processes solely related to one phase in CKM
; ‘bd’ ’bs’
(THE unitary triangle) (A ‘squashed’ unitary triangle)
_ Large effort in B physics
KA Mainly at B factories B> Bs
g (o.n) Bs small in SM
IRV Checking if B, is small is as
;'; Vea Vo important as measuring the

(0.0) (1.0)
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Schrodinger Equation:

[5 r>>] 5 5)[

M., stems from the real part of the box

diagram, dominated by top

| B, (¢

1B,(1))

I',, stems from the imaginary part,

dominated by charm

Two physical states, Heavy and Light

B, eigenstates, are expected

to have different widths (propagate

with different lifetimes)

B, =p

s>+q §s>ch odd

)-aq|B

B, =

Bs>ch even, p +q° =1

)>j
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Am=M, —ML S 2\Mu\
Al'=T, -T', = 2‘F12‘cos¢

I';5 stems from final states common to B, and T,

I I
b c : ) S ‘
b i
T ! b
¢ el 3 s
Crosses: Effective |AB3| = 1 operators from W-exchange.
Iy is a CKM-favored tree-level effect associated with final states containing a
(T c) pair.
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*Tevatron is highest
energy p-pbar collider
in the world with CM
energy of 1.96 TeV
 Weather is quite lovely
this time of year!
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Green — weekly integrated luminosity

Sky blue — run integrated luminosity
Collider Run Il Integrated Luminosity
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19 Countries
86 institutions
§ + ~676 physicists

140

E_-I*!"I

U. ds Buenos Airss LAFEX, COPF. Flo de aneko u o

AZ U of Arizone
GA U nvcmmma Berkeley
u i, Riverside
Gl e . Froem
Lawrence Berkeley Nat, Lab,
FL Fiorida State L.
IL Farmiab

U_of linaie, Chicaga
Nosthern liinais U
westarm U

2
I e Dot U, e los Ancies, Bagote Chartes U.,
1A Towa State U oo ch: U eregun 510 INEES Bt
ot ke Acadsmy of Sciences. Frague CPPMHS,II-HIE
Stale U
LENHE. IN2P3, Parig
LA Lotisiana Toch U
WD jand PR e
" IFN, IN2P3, ilowrbanne

u igan
Michigan Siate U

MS U of Misissippl

#=  The D@ Collaboratior

HJ Prinoston U, 4

SUNY, SmHmeuk

'+ ] | P )

Srockimvan et
0K Lan

i oma
Al Erawn U
TX Sethem Methostist U

U. o Texas: af Aringlon

Rice U
i Uatiana University College, Dublin
WA U of Washington Delmn wm

FOM-NIKHEF. Amatardam JINR. Dubna

Y MNUW{N\KHEF m:éowsmu

et 3
IHEP. Pratving

snn s, U Facuss PNPi, 1 Petersburg

ICFP 2005 Leonard Christofek, KU



!

O

[
+
[

140

SENTET

ICFP 2005

Forward Mini-drift P | W inti |
| Central Scintillator | Forward Scintillator
chambers /%
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New Solenoid, Tracking System [ T N T S T R
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+ New Electronics, Trig, DAQ

[
I

"

\ i

Leonard Christofek, KU

Clean Muon ID at |n|<2
Compact Central Tracker
(r<55 cm)

Good vertex resolution,
Modest p resolution
o[M(uu)] = 70 MeV at Jhy

- axial hit resolution: ~ 10 um
- Z hit resolution:

~ 35 um for 900 stereo

~ 450 um for 2° stereo
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We have measured the lifetime
in a semileptonic decay channel

Leonard Christofek, KU
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* Flavor-specific lifetime
result used for
constraining AI'/T

« Shows we understand the
systematics in B, ->D_ p X
decays for the Am,
measurement

Leonard Christofek, KU
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400 pb-*

- o e
| %1000:_ f% D@ Run Il Preliminary
Bu b - B —-DuvX, D07 0DKK 3 b
.. " v?Idof = 0.98
B} - Large data sample from & =
muon triggers ~400 pb- s00f
E %‘m«%
* Include B->D.D, D> L
bkg (MC) l:'_1':'5 1.8 1.85 1.9 1.95 2 2.0 21 215 .2
' ' ' ' ' ' Mass(qm) [GeWc%

* Include charm
background from gluon
splitting (wide tails in ct)

25.4% B - Dy ptv X
67.7% B > D, utv X
2.4% B > Dy utvX
45% B Dy ptvX
Total Br: 7.9 %

« Signal channels
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 Muon penetrating the toroid .
« All tracks within same jet ‘
« yx2prob (D,)>0.1% )
« x2prob (B,)>0.01% )
* Helicity (D) > 0.4 )
* L, (D) Py (D)>0

<t =g

ICFP 2005 Leonard Christofek, KU

Standard selection

P, (1) > 2.0 GeV
P, (K)> 1.0 GeV
P, () > 0.7 GeV
P, (D) > 3.5 GeV
P, (1 w.r.t D) > 2 GeV

1.008 <M (¢) < 1.032 GeV
1.6 <M (D,) < 2.3 GeV
3.0<M(B,) <5.0 GeV

We make no L, cut because we are measuring the lifetime!

11
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i+l Unbinned maximum Ng
B F ikelihood fitting L= H[Ji,g Fo, +(~-f,)F, ]EIFJ
I .

- components:

=i

— Signal lifetime

- — Background lifetimes F;ig = e T RG]
é — Signal fraction A= f —f - )G
o from D, mass peak o )
—/1 /At
— — Momentum resolution, for I (k =0)
e each decay mode and type j, K|
e —A ATt
=1 — ct resolution scale factor + f,. —(k 2 )
x — 10 parameters R
v f S () < 0)

ICFP 2005 Leonard Christofek, KU 12
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] 400 pb_1 12 14 1.6 1.8
e B L L B B s B B
: E ALEPH91-95 ; A 1 1.54 4 10,04
g10° SDF 92-96 H—A——.—H 1.36 +0.09 %
E 2 DELPHI91-95 A ‘ 1.42 M 40,03
' 210 OPAL 80-95 — ' 1.50 *26 10,04

ngoz-oel i 1.420 +0.043 +0.057
10 [ Average .—.—. 1.434 +0.050
1 ! [ L I R R R B
1.2 1.4 16 1.8
1g,» picoseconds
105397 02 01 0 |:'0.1 ] obz o.g o.i t:hs o).e
seudo Proper Decay Length (cm World,s beSt

Green: signal
Dotted line: background

1=1.420 £ 0.043 (stat) £ 0.057 (syst) ps

single measurement !

<t =g

PDG World Average: 1.442 + 0.066 ps
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B, 2> Jly ¢,
Pseudoscalar > Vector Vector decay

Three waves: S, P, D, or A,, A”, AL

AT1E

Both CP-even and CP-odd present, but
well separated in transversity

cosf=transversity

QAO(t)\ A1) ) (1+cos’ @)+[4, (1) \—sm 0

d cos@

=
B S, D (Parity, CP even) :
K3 linear combination of Aj, A,
g P (Parity, CP odd) : AL
S | dT(r)

Integral for flat efficiency in ¢, v

ICFP 2005 Leonard Christofek, KU

0 rest frame

&
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 We measure TWO distinct lifetimes by fitting the time
evolution and transversity distribution in untagged
B~ J/y ¢ decays

« If CP is conserved, they can be interpreted as the
lifetimes of the two B, mass eigenstates.

=340

—— % 450
- E 400 » Data
l 8 350 —'IF')otaI Fit
m -~ === Prompt BKkg.
ﬂ 2 300 — Non-prompt BKkg.
3 250F hep-ex/0507084
_— S 200F
2 e P PP EE L LR L L bbb $-===
I 8 1505—
| L 100f
oHEENE SN EEEEE EEEEE FEEEE IR IR N
05515253 54 55 56 57 58

Mass (GeV)
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N
H

[fszqﬂzq + ( fszq) bck}

Simultaneous fit to mass, proper decay length and transversity

using an unbinned maximum log-likelihood method

19 parameters:

1
2
1
1
1

O =N

fi, signal fraction
signal mass, width

R, CP-odd fractionatt=0
ct=clT, =(I+Ty,)/2

AT T

bkg slope in mass ( 1 prompt, 1 long-lived )
c (ct) scale

bkg ct shape

bkg transversity ( 2 prompt + 2 long-lived )

Leonard Christofek, KU 17
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T o Jv(=1Me-KK) 9 [2|ﬂu(°)|2 et cos?y(1- sin’g cos’y)

dcosg do deosy dt 16m
+ sin’y {18 (@) €' (1- sin’a sin’ ) + |8 (0)* ¢ *"sin% |

' |1—2sir|2w {18,018 ,(0) cos(5,- 6,)e " sin% sin2¢ |
¥
; {1—2|A0(0)||A (0)] coss, sin2y sin2g cosy } et e )5
"\II

- {?—Elﬂ‘"(ﬂ)lln i(“" Cos), sin 21|.i sin2 0 sin¢ } ;— ( el gt ) 50 ] H(cosy) F(o) G(coso)
\

<3t 1 =R
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Arbitrary scale
P
N

[

o

0.8—

F(p)=1 + Jcos2¢ + Kc0522cp

0.6~ Fit prob: 48.1 %

[
+
[

0.4—

F(9)=1+Jcos(20) + Kcos?(2¢)  F.. .

=
IS

AT1E

% 4+, T
s *+ +

Arbitrary scale

+
+

[
{

0.8— > 2
C G(cosB)=1+ Bcos 6 + Ccos 6

G(cos 0) =1 + Bcos?20 + Ccos*0 s Fit prob: 31.6 %

-1 -0.8 -0.6 -04 -0.2 -0 0.2 0.4 0.6 0.8
cos6

h H(cosy)=1
1'2} Fit prob: 17.1 %

0.8: + + + + ++
H(cos v ) flat distribution : e s

Arbitrary scale

<t =g
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Inserting H( cosy) =1, and F(¢) =1 + J cos(2¢) + K cos?(24), and

integrating over cosy and ¢, we obtain a 1-angle time evolution:

AT1E

T 5 v (=MD o= KK 2, Yy cos?
dcost dt B NT[[ (1A, 0)| |A"(°)|2)E (1+cos 8)

+ K{ 1A + 18,01 e '(rcos’e) +2]A (@) e " sin )

-%(|A0(0)|2-|A"(0)|2) e "'sin28  +2|A (©O)F ¢ " sin ] G(cos6)

2 2 2
|AO) + A (O) +[A(0) =1
defining, R =|A J_('«")|2

<3t 1 =R

ICFP 2005 Leonard Christofek, KU 20



E F 5.26<M(B) <542GeV  + Data D@
: S 10’ Bs Ve — Total Fit
ol S B Total Signal
c3.1()25 """"""" CP-even
i+l 7(B*) =1.397%1 £0.08 ps I -~ CP-odd
- S 10 F —— Background
A’ T
] —_— = 021+8 4213 i 020 5" 1F
- I : N
107 3
i R, =0.1740.10+0.02 ™
(| 10,075,050 0.05 0.1 0.15 0.2 0.25 0.3
Accepted by PRL ! * ct (cm)

- > 450
l = 400 » Data S 100[- 526 <M(B) <5.42Gev ® Data DO
3 — Total Fit § | ctic(ct)>5 —— Total Fit
350 . o - -
m -~ Prompt Bkg. " "B S Jlye T Total Signal
E @ 300 — Non-prompt Bkg. ‘s’ 80" Y CP-even
@ 250 2 0 -+==~CP-odd
— = 200 60 —Bkag.
S +
— = R A S 4ot be Tl L1 i,..
S 150F 40 F i e
o E : ------------------------------
I _ 100F [
< 50F :
* 0 :| T T T P T T 0 —f- --------------- o T——
55153 53 b4 BE 56 57 58 17708060402 -0 0.2 0406 08 1
Mass (GeV) Transversity
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=340

« DO and CDF AI'T results
are consistent

e DO resultis close to the
theory prediction of 0.12
+ 0.05

Including systematic errors:

[ — with WA constraint (10 stat.)
V- D@ default 16 stat.

8F | l < CDF

* DO

------------------
-
-

e
ot

‘I
-
111
=
wm?

=
-
---------

Flav. Spec.
\fVA t1o

N Bl B .
0.037 0.0397 0.0425 0.0452 0.048
cT(cm)

P B I I P S S B B
1.15 1.2 1.25 1.3 1.35 1.4 145 1.5 1.55 1.6

T(ps)

Experiment R,

Aleph

DO Runll

AT/T

CDF Runll 0.125+0.08 0.657%% 1.40701
0.17+0.10 0.217°3

w(ps) 7, Ty
1.27+£0.34

1.057013 2.0775
1.237% 152707

139716

Leonard Christofek, KU
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l-l I__L: 1'25— with WA constraint (16 stat.)
1.0---.- D@ default 16 stat.
= F * DO
< WA semileptonic (flavor <08} | l < CDF
> specific) measurements 0.6 ~— | .
provide an independent 0.4
relation of A" and T, 0.2} _
. leading to a significant X e
— improvement to AI' 02F 77 Flav. Spec.
l 04:....I....I....I....\Irw.\i:":ﬁ.
K e 0.037 0.0397 0.0425 0.0452_(0.0;18
cT(cm
: (1512725 7.5 735 1.4 145 1.5 155 1.6
—  (ps)
— A single-lifetime fi =)
Slgdet felt e fit - ) r _ = 1 — (AF /2 T )
-|—__ applied to tlavor specific £ [+ (ar /2T )
> final state measures I';, =
* 1/7s: T, =1.43 £ 0.05 ps
A’
- S—=0.23 1

ICFP 2005 Leonard Christofek, KU 23
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of ﬂrf

0.12
0.1

0.1
0.09
0.08
0.07
0.06
0.05
0.04

2 3 4 a3 (i
Integrated luminosity ( fb™")
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