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D . . AN ERR T
Why study CP-violation?
e To explain baryon asymmetry of the Universe we need

sources of CP-violation from beyond the Standard Model

e SM predicts CPV effects to be relatively small

e Many New Physics models may significantly increase
these effects [hep-ph/9803370]:

— Multi-Higgs Doublet models with no “Natural Flavor Conservation”
— Supersymmetric models with “Effective SUSY”

— Supersymmetric models with “R-Parity Violation”

— Left-Right Symmetric models

— 4th generation models

— Z-mediated Flavor Changing Neutral Currents

Measurement of the large CPV

where it Is predicted to be small
may reveal NP
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LANCASTER
D Why CP-violation in B mesons?N”””A

e B-factories excluded large NP contributions from tree-level B-decays

e SM predicts small CP phases at loop-level B-decays but large phases
from NP are still possible [hep-ph/9803370, hep-ph/0210167]

e SM also predicts small direct CP asymmetries in B mesons, which
NP may increase

e The decays Bs — J/¢¢ (CP-violating phase) and
BT — J/¢K (CP asymmetry) are ideal for

investigating these effects

| am going to talk about these two analyses performed

at D@ experiment at Tevatron
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LANCASTER

DO Tevatron Collider at Fermilab =~
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; LANCASTER
w D@ DeteCtor UNIVERSTY)&

e Silicon and fiber trackers immersed into

2 T solenoid, coverage |n| < 3 2T Solenoid
DO Detector Fiber Tracker

Silicon p-strip Tracker

— Precise vertexing and tracking
— New Layer 0 silicon on beam pipe
in 2006 improves impact parameter

Forward Muon
b Tracking+Trigger

Hi

resolution

e Muon system (central 4 forward),

coverage |n| < 2

— Includes its own magnet — toroid

Beamline

e Two magnets — solenoid and toroid — Swiedng

flip polarities every two weeks W o T ST WS (0
. “®  Central Muon 20{: . .
— Unique feature of D@ Scintillators ' -

— Diminishes detector asymmetries

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008



Measurement of direct CP-violation in
Bt — J/¢ K™ decay
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e Their interference produces small asymmetry Acp = 0.003
[hep-ph /0605080]

e New Physics can significantly enhance this asymmetry
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Dy . . s
Analysis outline
e We divide J/1 K sample into 8 categories according to:

[1 Solenoid polarity, 3
[1 Sign of kaon pseudorapidity, ~
[1 Kaon charge, ¢

e Number of events in each category:

”gw — iNeﬁ(l + quw)(l + VAdet)(l + CI'YAfb)(l + QBAqB)(l + BVABW)(l + QB’YATO)
where

— N - number of signal events in the sample

— € - fraction of integrated luminosity with magnet polarity 8 (e™ 4+ ¢~ = 1)

— A" - integrated raw charge asymmetry we want to measure

— Ay, - forward-backward asymmetry (more kaons go in proton direction)

— Aget - north-south asymmetry of the detector

— A3~ - decrease of acceptance of kaons bent by the magnet

— Apg, - detector forward-backward asymmetry remaining after magnet polarity flip

— A,p - change in kaon reconstruction efficiency after magnet polarity flip

e Fit for 8 n§7:> obtain 8 equations with 8 unknowns
e Solve for A" = obtain Acp(BT — J/pKT)
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LANCASTER
DD Mass distribution of J/YK \

- DO Run I, 2.8 fb? —e— DATA
12000 K
B J/yn

10000 ................. J/qJK*
----- BKG

8000
— TOTALFIT

6000

4000

Entries/0.03 [GeV/c?]

2000~

5.2
mJ/PK) [GeV/c?]

Unbinned likelihood fit of the inv. mass distribution of pu K system

Bvq J/ YK J/m J/pK*Y Background
o+ + 510487 337 4 44 692 + 77 4079 + 151
+—+ 5131487 222 + 42 689 + 78 4170 + 151
++— 499985 212 4 40 767 4 76 3978 4 149
+—— 5098--86 144 + 38 523 4 77 4395 + 150
— 4+ 4973486 158 =+ 41 578 4 78 4397 + 151
—— 4 503986 127 + 39 663 4 78 4281 + 150
— 4 — 496585 242 + 41 794 4 76 3880 4 148
— 4906--84 138 =+ 39 724 4 75 4006 + 147
Total 40222 + 242 | 1578 + 119 | 5429 + 217 | 33192 + 425
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D Asymmetries

J/ YK J /1 Background
N 40217243 15774118 33189-+424
et 0.5060-£0.0030 | 0.5060--0.0030 | 0.5010--0.0064
A" | .0.007040.0060 | -0.088740.0807 | -0.020540.0128
A, | 0.001340.0060 | 0.0453--0.0890 | -0.017040.0128
Ager | -0.00334+0.0060 | 0.2061--0.0826 | -0.015840.0128
An, | -0.005040.0060 | -0.020740.0873 | -0.002440.0128
Ag, | 0.0001:0.0060 | -0.1896+0.0823 | 0.0274--0.0128
Ags | -0.00304:0.0060 | 0.0499-40.0801 | -0.014540.0128

Kaonic A" has to be corrected for kaon asymmetry:
e Reaction K~ + N — hyperon + 7 has no analog K™ + N,
therefore N(K*) > N(K™)
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NIVERSITY

w LANCASTER)K
Correction for kaon asymmetry

e This asymmetry measured in the channel

c— Dt - D'zt D = ptvK~ (2.8 b7 1)

e No CPV is expected in this decay [hep-ph/0311371]
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am, Bl

Plot Am = m(pK=n) — m(uK) distributions: wrong-sign (q,, ¢, gk are the same) and
right-sign (qx is different)

Width of the right-sign peak depends on m(uK) = bin in m(uK)

Background under the peak is sideband-subtracted using events at high Am (far from the peak)
For every 3-~q combination perform sideband-subtraction in all m(uK) bins, sum the results
—> obtain 8 numbers qu

Solve for corresponding raw kaon asymmetry
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LANCASTER

D Correction for kaon asymmetry””“”A

This raw kaon asymmetry must be
e corrected for sample composition

e averaged over kaon momentum

— Cross-section (K + N) and, therefore, the kaon asymmetry itself

depend on kaon momentum
e subtracted from A"

to obtain:
Acp(BtT — J/YKT) =0.0075 £ 0.0061(stat.) + 0.0027(syst.)

For pions such correction is covered by systematic error:
Acp(BT — J/yrT) = —0.0887 + 0.0807(stat.) + 0.0283(syst.)

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 11



LANCASTER
w Results UNVERSTY/K

o Asymmetry Acp(BT — J/WK™) is consistent with zero
e Precision is of the order of SM prediction

e Consistent with current PDG value Acp = 0.015 £+ 0.017,

but factor of three better precision

e Asymmetry Acp(BT — J/¢x™) is also consistent with zero
e Also consistent with PDG value Acp = 0.09 £+ 0.08

e Has a competitive precision

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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Measurement of CP-violation in
B, — J /¢ decay

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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Voerm =

Vud
Ved
Via

CKM matrix

CKM matrix relates quark weak flavor and mass eigenstates:

Vs Vb
Ves Vep| =
Vis Vi
1 —\2/2
= —A\
AN (1 — p —in)

A
1 —A2/2
—AN?

AN (p — i)
AN
1

e In SM CP-violation is governed by only one parameter n

(complex phase)

e NP may provide plenty of new complex phases

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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D CKM Matrix Unitarity Condition y\

VCKMVCKM =1
This translates into:

VudVr:b + VchgZ + V;ﬁd‘/tb — Vusv ub + Vcs‘/;(; + Vvts tb —

PN p=p(-¥r2)
A= n1-X12)

_ VARVAL
VusVug (PN) Vts—v“’
VCSW

(0,0) (1,0) (0,0) Bs (1,0)

e Both triangles have the same area, proportional to CPV level

e The triangles involve different elements of CKM matrix
— First triangle provides for measurement of sin 23 from By — J/1¢Kg decay
— Similarly, 2nd triangle provides for sin 28, from By — J/1¢ (harder to do)

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 15



B mlxmg

u
* c
uc,t wh |t p
d

Weak eigenstates: i (}gjggi) (M —3T) (|B_S(t)>)

_ B9 = | By(t))— | Bs(t))
CP eigenstates: | Beven)=| B, (t))+|Bs(t))

Mass eigenstates: :gf;;zzjzzg;l;;zg;>
Observables:

— AM, = My — My, ~ 2| M3,

— ATCP =Tpen — Toug ~ 2|75,

- Al'y =T — 'y = 2|I'{,| cos ¢,

where CP-violating phase ¢, = arg ( Ml?) ~ 0.004 in SM

12

— Average lifetime 7 = 1/T, where I = 1(I', + ')

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DS New Physics Phase ¢2'* EQNVCEA\R%TE%A

e In Standard Model both 3™ = 0.02 and ¢7™ = —0.004 are small,
beyond current experimental reach

e New Physics may introduce a new phase ¢ such that:
0 28, =267M — ¢7"
0 ¢s = ¢SM 4 2"

o If V¥ is large then ¢, ~ —28, ~ ¢V 7'

We use B; — J/1¢ decay to measure this phase

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 17



Dy . ANCASTER
Vector amplitudes
By — J/+ ¢
Spin0—-1+4+1 ({=0,1,2)
J /1@ system is a mixture of three different states
with following time-dependent amplitudes:
e Ay(t) — longitudinal polarization, £ = 0,2, CP = +
e A (t) — transverse polarization with parallel spin orientation, £ = 0,2, CP = +

e A, (t) — transverse polarization with perpendicular spin orientation, £ = 1, CP = —

[Ao(0)2 + [A(0) + [AL(0))P =1
Observables:
0 |4.(0)
o [A0(0)f2 ~ |Ay(0)f?
= arg(Aﬁ(O)AJ_(O)) = —0| + 0L
o 0y = arg(Aj(0)AL(0)) = —do+d1

01 and 05 are CP-conserving strong phases

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008

18



LANCASTER
w Angles UNIVERSTY)\

e r-axis — direction of  momentum in
J /1 rest frame

e z-y plane — defined by K+ and K~
momenta in J/v rest frame

e Angle ¢ (transversity) — between z-axis

and ™ (in J/4 rest frame)
e Angle ¢ — between KT and pu*
projection (in J/1) rest frame)

e Angle v) — between z-axis and K+
(in ¢ rest frame)

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 19



D> Differential rate / &

Time-dependent differential rate:

diT B
dcos® do dcosp dt
2cos? (1 — sin? @ cos® @) - |Ap(t)|?

+Sin2¢(1 — sin” @ sin? ¢) - ]A||(t)\2
+sin®¢sin® 6 - |A | (t)]°

+% sin 2¢) sin” 0 sin 2¢ - Re(Ay(t)A4) (1))

1
+ﬁ sin 21 sin? 0 sin 20 cos ¢ - IM (A5 (1) AL (t))

— sin” 1) sin 20 sin ¢ - Im( 1(E)ALD))

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 20



D5 Amplitudes WVCE%SST%A
(no B, initial flavor tagging)

[Ao(t)]* = [Ao(0)|” - T

A (D)7 = [4,(0)] - T4

[AL)]* = [AL(O)" - T-

Re(AL(D)A)|(8)) = [40(0)] - [A(0)] - cos(6; — 81) - T
IM(AG(H)AL(t)) = [Ao(0)] - [AL(0)] - [=5(e”"H' — ™ L") sin ¢, cos &y
Im(A[(¢)AL()) = [A(0)] - |AL(0)] - —i(e7"H" — "L sin ¢, cos §1]

where

T. = 3[(1 & cos ¢ps)e " LF + (1 F cos ¢s)e " H']

e Sensitive to I'y,, 'y, ¢, 01, 09

e Not sensitive to AM,

e Equations are invariant under simultaneous transformation ¢4, — ™ — ¢y,
Al' - —AI', 01 —» m — 01 and do — m™ — 09 = four-fold ambiguity

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 21



D& Amplitudes WVCEARSSTEV &
(with B, initial flavor tagging)
Upper signs: B(0) = |BY), lower signs: B,(0) = | B9)

[ Ao(t)|* = |Ag(0)]? - [Tote ' sin ¢, sin(ADM,t)]

[A (D)7 = [A)(0)|* - [TiEe™ " sin ¢, sin(AM,t)]

AL(E)? = [AL(O)[? - [T-Fe " sin ¢, sin(AM.1)]

Re(A}(1)A) (1)) = | Ao(0)] - | Ay (0)] - cos(8; — 61)[T: e " sin g, sin(AM,1)]
Im(Ag(t)AJ_(t)) = |A0(O)|-|AJ_(O)|-[6_Ft(:i: sin d9 cos(AMsgt) F cos dg sin(AMgt) cos (bs)—%(e_FHt—e_FLt) sin ¢g cos d9]
Im(Aﬁ (t)A | (1)) = |A| | (0)|-]A | (O)|-[e_ft(:l: sin §1 cos(AMgt) F cos §1 sin(AMst) cos ¢5)—%(e_rHt—6_FLt) sin ¢ g cos 61]

where

T. = 3[(1 £ cos ps)e L' + (1 F cos ¢ps)e " H']

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 22



D5 Amplitudes W&%@A
(with B, initial flavor tagging)

e Sensitive to I'y,, 'y, ¢4, 01,09, AM,
e But we do not determine AM,, but fix it to CDF's measurement [prL 97, 242003 (2006)]

e Sign ambiguity for ¢, for given Al is resolved = two-fold ambiguity

[1 For given tagged event:
rate = p(B,)- rate (B,) + (1 — p(B,))- rate (B,)
[J If event is not tagged p(Bs) = 0.5 = all B, flavor terms cancel

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 23



A few words about B; flavor tagging
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e . gty |
B, ftlavor tagging
We need to determine (tag) Bs meson production flavor which may be different from

decay flavor

opposite side vertex side

- .~

I
:
/. ~jet charg ! )
7 (, ----- \\\y “. 1 fragmentation
I
I
I
I

i \ 0 —0
1 .
i . B B
A . s
‘- i P.V. = S — ~
i i Bs \ b~ b S s

\_\ / K

>\~ A ./‘/ ( s

; : t Q Fragmentation S
same

into jet u K

Two main classes of tagging methods:
[0 Same-Side Tagging: “One-track”, Qsame---
[1 Opposite-Side Tagging: jet-charge, soft-lepton, Qopp...

We develop “Comb. SST", “Comb. OST" and merge them into single “All" tagger

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 25



DiS Tagging characteristics:

s B

—
-

e Number of Right-Sign (B,-K+ and B,-K ™) correlations, Ngg
e Number of mistagged Wrong-Sign
(e.g., B,-K~ and B,-K™) correlations, Ny, g

e Number of events with no tag found, Nyt

' - Niagged Npo+N
e lagging efficiency € = —299¢ — RSTNwWS
s&INg y Niotal Nrs+Nws+NnT

. . N _N
and dilution D = =85——_W5S
Nprs+Nws

e Tagging power eD? <= to be maximized

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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Dy _ gty |
Tagging in MC and data
e Same-side tagging:
[1 B, production flavor is obtained from MC truth information
[1 SST analysis can only be done on MC
[ SST can be verified on self-tagging B, — J/¥K sample
— B, flavor is determined from kaon charge = in both data and MC
— The agreement between dilutions in data and MC is reasonably good
which justifies using SST in B, decays

e Opposite-side tagging:
[1 Opposite-side flavor tagging does not depend on the B-meson flavor
[l Can use By — v,uD*~ data sample to develop OST for By [pro7a, 112002 (2006)]

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DS : - gty |
Taggers’ combination

e To obtain “"Combined SST" we merge different SST algorithms
by using likelihood ratio method
e Similar thing is done for “Combined OST"
— Unfortunately, OST has low efficiency
— So, when OST is not present, we use the (),,, obtained as
pe-weighted )~ g; of all tracks on opposite side
— The Q,pp has 100% tagging efficiency, but lower dilution

e Finally, both “combined SST" and “combined OST" /Q,py

are amalgamated into single “All" tagger
e This single tagger has pretty high power eD? ~ 4-5%

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 28



DO Tagger verification on data /M

SST in By — J/¢$K

DO Run Il Preliminary

60 ; —— B ->J/Y K (MC) L
F —=B-> J/Y K (data) T
50F 4
g 4o .
~ C — AT
[ —— *—
5o —+
=2 20f )
(a) 5 ——
10
C T —
ory 4.
10 . L Ll
0 0.1 0.2
|dSST|
601
[ —*— B-> J/IP K (Run lla+b data)
50} 5 B->JyK (Run llatb MC)
~ 40F
S [
= [
S 30
5 [
= F —_——
8 5oF R
i ; ]
10: ==
O :?:i 1 1 1 l 1 1 1 1 l
0 0.5 1
19,0
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Dilution (%)

LANCASTER

CJNIVERSITY

OST in By — J/YK
and By — VMMD*_ (data)

Wed May 14 16:38:51 2008

90r
[ —e— B->JK (Run llat+h data)
80 } —8— B->J/ K (Run llatb MC)
F —e— 8°->uD’ (data PRO74, 112002)
70
F —1
601 QD S
50 —=
© 4
301
T
0,
:4\_1 1 1 1 l 1 1 1 1 l
% 05 1
|dost|
“All" tagger in By — J/YK
DO Run Il Preliminary
- e B->JWKMC)
60 [ —=—B->J/YK (data)
501 #a
2 ]
401 —
30F %%%HF
200
C -5
L —e—
10
0 ::é:‘\ | |
0 0.5 1
|dCOMB|
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Back to B, — J/1¢ Analysis

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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o Likelihood function A

[ We perform simultaneous unbinned likelihood fit
to the B, mass, lifetime and three angles

[1 Altogether, there are 33 free parameters in the fit

£ =Ll fsigFiig + (1= foig) Fig)
where
e N — total number of events
e f.iy, — signal fraction

sig/bkg ~ signal/background distribution the fit variables

Background:
— “Prompt” J/v coming directly from primary vertex

— “Non-prompt” J/1 coming from a b-hadron

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008



DES Fit constraints A

— Mixing parameter AM; is constrained to CDF's measurement
[PRL 97, 242003 (2006)]
— Strong phases 01 and d5 are constrained from
BaBar's measurements in B — J /9 K* [hep-ex/0704.0522]
e \We have two-fold ambiguity
I AI' > 0,cos ¢s > 0,cos07 > 0,cosdy < 0
[0 AI' < 0,cos¢ps < 0,cos01 < 0,cos09 >0

o For B — J/YK*® the values §; = —0.46 and o = 2.92 are
preferred over 0; = 3.60 and 05 = 0.22 on both theoretical and
experimental grounds [hep-ex/0704.3575, page 153], [PRD64, 117503

e We constrain 9; = —0.46 and 902 = 2.92 with narrow Gaussians to

allow for SU(2) symmetry breaking

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 32



Di5 Fit results

Invariant mass of
J /1@ system

Invariant mass of
J /1o system

with prompt background suppression

> 500 )
¢ [ D@,28fb * Data ©
E . o _, I @ — Total Fit :',,'; - DO .,238 fo’
5 400 s — Prompt Bkg = | Bi-oJyo ct/o(ct) > 5
© —non-Prompt Bkg| 2
?—) .\ L 100~ :h
© 300 ) ] 2 T
_cg : | | W 8 B I
=R it | 5 .
8 200 | S T 1
- 5 50— )
_ S * ‘
100\ L, + / \
| i LR L g’ }
B o I jT TR S
oo b b b b b b L ++ ﬁ+
11 11 | 1 1 1 | 1111 | 1 1 | 1 1 1 1 I"' #
05 51 52 53 54 55 56 57 58 05 51 52 53 5 4 5 5 5.6 5 7 5 8
Mass (GeV) Mass (GeV)

N = 1967 4+ 65(stat.) events
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DES Fit results E/NWVCE%%TE%A
DO

g10°F
= F DO ,281fp!?  ° Data
2 T 0 — Total Fit
N10°F Bs—~Jip ¢ - Total Signal
8 | Mass 5.26 - 5.46 GeV ..... op_ayen
72 ]
Al -+ CP-0dd
& 101 My Different lifetimes,
O ¢t Eoo T 'f

5 M = . |‘ ] T

jit 4l
12— il | l|| || '
i Jl:l:l | I | i | | J ‘Lu“ [ 1|:‘|‘.r

i [ . e i I
1057 0 0.1 0.2 0.3 0.4 0.5
ct (cm)

AT = 0.14 £ 0.07(stat. + syst.) ps—! (when ¢, = ¢ M)
7 =1.534+0.05 £ 0.01 ps
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Fit results
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Di3 Fit results

= [ D@,28fb - Data
E;znn: B2 — Jly — Total Fit
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s ctialct) > 5 :
211500 | alct)

1ﬂﬂ":— + ‘

: b
so- e _

| PEPERES ISP EPUTEY AP PPN IR PN PR U B
-1 08 06 -04 02 -0 02 04 06 08 1

i et frame

Cos(y)
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] : aeses
Fit results

(a) DO, 2.8fb™
m B Juyo
AM, = 17.77 ps™

= .
T T | T T | [ | T T | T T | T T

0
— SM
0.1 S
W Al =Alg,, x |cos(cps)|
||||||||||||||||||||||||||||||||||
0215 1 05 0 05 1 15

¢_(radian)
Dashed - 68.3% CL, solid - 90% CL

Main result:
AT, = 0.19 £ 0.07750% ps~2, ¢y = —0.570 2 005
[hep-ex/0802.2255, Sub. to PRL]

Probability of SM value is ~ 7%
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Dy : gty |
Fit results

Likelihood profiles:

~20F (b) ~*°F(C)
= 150 =20k
S = 15F
- — c N
S 19 N 10F
50 5F
O: | I 1111 I 1 111 I 1 111 I 1 1 O ; | | | I | | | I | | | | I
3 -2 -1 0 1 2 3 -0. -0.2 O 0.2 04
@_(radian) Al (ps™)
A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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Numerical results

Variable Free o, b, = M | ATy = ATSM .| cos ¢,
T, PS 1.52+0.06 | 1.53+0.06 1.49+0.05

AT, (ps—) 0.19+0.07 | 0.14-0.07 0.083:0.018

A (0) 0.41+0.04 | 0.440.04 0.45-0.03
|Ap(0)|* — |4;,(0)]? | 0.34+0.05 | 0.35+0.04 0.334:0.04

01 -0.5240.42 | -0.48+0.45 -0.4740.42

09 3.17+0.39 | 3.1940.43 3.21+0.40

s —0.577030 | = —0.04 -0.464-0.28

AM, (ps™1) = 17.77 = 17.77 = 17.77

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DO, 1.1 fb’
mB.—-Jyo

-8 4 3 -2 1 0 1 2 3 4 5
¢ (radians)

For comparison: untagged 1.1 fb~! analysis

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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e . . e A
Comparison to other experiments

po!' —— -0.57 1025

po™? . -0.46 + 0.29
corF ™ . -1.36 < -0.24
cpr ™ - -1.20 <> -0.40
SM : -0.0038 + 0.002

[

8 = (SE)BF ok £ o5
313, = (8)g, , gy £ /5 and AT, = 2 ATSH |coso,|
[3]AF5 =2 a.l"ﬂ" |cos|

[eu],ﬂrs = 2AI" 3 [cos(,| and 5, = (al.)Bﬁ s @nd o(Bg)=uB,)

-3 -2 -1 0 1 2 3
0 (radian)

Shown is the D@ sign convention for ¢, which is opposite to the CDF's 23, [hep-ex/0712.2397]

e CDF did not provide central value, but only variation limits for 20,
e CDF is hoping to have an updated result with a larger dataset by ICHEP'08

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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LANCASTER
D New Physics? A

ImMA, vs ReA,

NP may change B, Hamiltonian parameters by
introducing a complex number Ay = |Aj] s
[hep-ph/0612167] as follows:

o AM, =AM . |A,|

R

A, =1 in SM

e Red: from CDF's A M, measurement [PRL 97, 242003 (2006)]

e Yellow: from AFS/AMS with AT from D@ [PRL98, 121801 (2007)] - untagged 1.1 fo—1 analysis

e Blue: from D@ 's a{,; measurement [PRD 76, 057101 (2007)]

e Forward and backward regions: from sign of AI'; from D@ [PRL98, 121801 (2007)] - untagged 1.1 fb— 1
analysis

e Dashed wedge: from ¢, from D@ [PRL9S, 121801 (2007)] - untagged 1.1 fb— 1 analysis

e In SM all regions should intersect in point (1,0)

Experimental situation (black area) shows some deviation from SM

which may grow as the uncertainties decrease
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Dy : gty |
Conclusion

e Measured large CP-violation where it is predicted to be small
may reveal New Physics
e Direct CP asymmetry in B — J/9¥ K decay is consistent with zero
e The uncertainty on this asymmetry is of order of SM prediction
e The large phase ¢5 in By — J/1¢ decay may indicate New Physics
e [he uncertainty on ¢y Is statistically dominated = more data needs
to be analyzed to be sure that we actually see the New Physics

e This will happen in the nearest future
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Dz Backup
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D Toroid polarity E/&\NVCEARSSTE%/ K

Eff" # Eff
& B
o \
Toroid+ Toroid+
e Reversing magnet polarity helps
p P p P reduce detector asymmetries in muon
Change Ffft = Fff- reconstruction
polarities e Systematics is also diminished
pr

Toroid- / Toroid- )

P P P P
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DiS Obtaining D* asymmetry A
e For each 3yq combination we bin the sample in m(uK)

e For each bin in m(uK') we choose signal and sideband regions for

right-sign and wrong-sign charge correlations

e Signal region is chosen to maximize S/+/S + B for each m(uK) bin
e Sideband region is chosen to be 0.19 GeV/c? < Am < 0.22 GeV/c?

stdeband

. N5?
B — NS59:-reg. right
¢ wrong fof}doeﬁg”d

o S — Ns?g.reg. _ B

right

e Then numbers of signal events in all m(uK) bins are added up
—> obtain n2”

e Solve system of equations to find asymmetry
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DS D* sample composition
Mode Branching, %
utK v 3.51 + 0.11
utK* v 2.17 + 0.16

K* — K~ | 1/3- Br(K*)
K*~ — K% | 2/3- Br(K*)
utrTy 0.28 £+ 0.02
uto v, pm — o’ | 0.19£0.04

Corrected kaon asymmetry Ax(D*) = A(D*)/ fk

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008



DD Kaon asymmetry Ak (D*) vs. pk A

0

0.005E DO Run II, 2.8 fb™

-0.012— ] _F—F {
o

-o.ozi— T

-0.025§—L

-0.03:—J

o b b b b by by Ly

0O 2 4 6 8 10 12 14 16 1
pK[GeV/c]

Kaon asymmetry
o
o
=
ul
|

8| | |2|OI N
The average kaon asymmetry is

Npins
A = Z AK’Z(D*)]]\\TQ((j//z;(()) = —0.0145 + 0.0010(stat.)

1=1
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DS Direct CPV systematics A
Source J/YK | J/Ym
Variation of fixed fit parameters by 1o 0.0002 | 0.0004
Variation of fiting range 0.0004 | 0.0129
Shape of J/vm and J/¢K* contribution 0.0025 | 0.0252
Bkg from q,, - ¢ <0 0.0008 -

Varying rec. eff. for D° contribution to D* sample | 0.0005 -~

Asymmetry in 7 reconstruction - 0.0002
Total 0.0027 | 0.0283

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DO SST Algorithms A

All used SST algorithms can be divided into two groups:

1. One-track algorithms which select a particular track
and infer b-quark flavor from its charge

2. Many-track algorithms which use p;~weighted average charge
_ > apf

of all tracks around p(Bs): Qssr(p:, k) = S~ o7
t

e Often different one-track taggers pick up the same track = highly correlated
e Let's pick the best tagger from each group
e Best one-track tagger: “Min. AR = \/A¢? + An?"

e Best many-track tagger: Qssr(pi, x = 0.6)"

e Let's combine both these taggers together to improve eD?

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DS . gty |
List of used same-side taggers:

We are using the following SSTs (one-track and many-track taggers):

[]

[
[
[
[

rel

Min. p,

Max. p'®

Max. py

Min. |AP| = |5(Bs) — F(K))]
Best: Min. AR

[]

[
[]
[
[]

rel

rel rel

Max. cos « O Qjet(pr, k) = %q];?
Min. cos 0" relyr
B . rel _ 2. q(py )
Max. cos 0" Qier(pi, 1) Z@felr
Min. m(BSK) [] Qjet(p£€l7 K’) — qu(l(fr‘)gl)l)i
L
Random track [ Best: Qjet(pi, & = 0.6)

S

(BgK) direction in lab frame
>=

0" - decay angle

K

One-track: p'® and p'® are L and || components of SST candidate’s momentum F(K) w.r.t
B(B,K)
AR = \/A¢? + An? and angle « are taken between 7(B;) and p(K)
0" — decay angle of B,K-system, i.e. angle between directions

of p(BsK) and p(By) in reference frame of B, K system

k= 0.0,0.1,0.2,...1.0
Qjet: P, and p;= are L and || components of SST candidate’s momentum p(K') w.r.t p(Bs)

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008 51



LANCASTER

DD Combination of two SST methods
e We obtain P.D.F.s of “g - AR” for “Min. AR" tracks with charge g for b and b quarks
e If their ratio yar = §Eb§ > 1 then it was b-quark, otherwise b-quark

e Calculate “joint P.D.F. ratio” for “Min. AR" and Qgss7(p:, kK = 0.6) taggers: Ysst = YAR -
e Introduce a variable d,q; = %EZ and determine b-quark flavor for each event from its sign
e C(alculate even-by-event dilution D as a function of dgg;

“Min. AR" P.D.F.s Qsst(pt, « = 0.6) P.D.F.s “Joint P.D.F.s"

P.d.f. for tagging variable DO Run II Monte Carlo P.d.f. for tagging variable DO Run II Monte Carlo P.d.f. for tagging variable DO Run II Monte Carlo
14000 F* b-quark oo 3500000 s *b-quark M 16000~ e b-quark o
F —b-quark —b-quark 14000 |~ —b-quark
S 120001 5 30000 - B I 5 12000
8 1o000f & 25000 g F
3 E 2 E $ 10000
S E £ 20000 5 r
£ 80001 g E S 8000[
S 6000 5 15000 5 F
g I 5 o0
§ 4o000f E 10000 E 4000f4
z £ P4 = z F
2000} 5000 =8 2000
i P E R b
0 0.7 05 0 05 see 0. 0. ) )
qAR th dssr
2 DO Run Il Monte Carlo 2 DO Run Il Monte Carlo 2 DO Run Il Monte Carlo
: -0.072839x +0.269400x +0.736371, 0<x<1.2 E 0.190892x -0.369989x +1.000000, 0<x<1.0 i -5.124028x* -0.472751x +1.000000, 0<x<0.2

1.8F 1/(-0.072839x -0.269400x +0.736371), -1.2<x<0 1.8 1/(0.190892x2 +0.369989x +1.000000), -1.0<x<0 1.8 1/(-5.124028x? +0.472751x +1.000000), -0.2<x<0

1.6
le E [X<] o
3 3 3
S S S
8 g 8
3 3 3
a S a

0.6

1 | 1
2 0 2
qAR
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MC Tagger €, % D, % “Unbinned” eD?, % “Binned” ¢D?, %

S

=

S g | “Min. AR 821+ 1.1 | 202407 3.34 & 0.22 3.73 & 0.24
(T

I ® | "Qjet(pt,0.6)" | 884+12 | 193£06 3.28 & 0.22 4.06 4 0.24

3 “Comb. SST” 88.4+ 1.2 | 19.0 4 0.6 3.19 + 0.22 4.81 4 0.26

<o

= 5

S Y| "Min. AR 792+05 | 186405 2.74 £ 0.15 2.82 4+ 0.15

I 5 | “Qjet(pt,0.6)" | 89.0+06 | 196+05 3.43 £ 0.17 3.92 4 0.17

g = | “Comb. SST" 80.1 £ 0.6 | 17.8 £ 0.5 2.82 £ 0.15 4.02 £ 0.17

&

& =

£l 2 | “Min. AR’ 849+ 06 | 148405 1.86 + 0.14 1.96 + 0.14

I 8| "Qjet(p,0.6)" | 93.0£07 | 139£05 1.80 + 0.14 2.25 4 0.15

o~ “Comb. SST” 93.0+£07 | 142405 1.86 + 0.14 2.49 + 0.16

S 0

= ©

S Y| Min AR 787 +£07 | 134407 1.41 + 0.14 1.57 + 0.15

T S | "Qjet(pt,0.6)" | 81.5+07 | 138+ 06 1.55 £+ 0.15 1.84 £+ 0.16

5 = | “Comb. SST” 815+ 07 | 131406 1.40 + 0.14 2.01 4 0.16

e “Unbinned” €D? is a direct product of € and D?

e “Binned” eD? is a sum of eD?'s in |d| bins

eD? for combined SST

ASTE

LAN
UNIVERSITY

e We see some improvement in “binned” eD? due to SST combination

for all decay signatures

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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D OST gty |
e OST was developed on B; — uD* data sample [PRD74, 112002 (2006)]
e Must be the same for B; and B,
e Also, a combination of a few taggers:

— soft muon

— soft electron

— secondary-vertex

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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LANCASTER

DD Combination SST + OST/Qopp

e Same combination technique as for SST
e If OST present make “joint P.D.F." Yeomp = Ysst * Yost
o |[f OST not present take Yeomb = Ysst * Yopp

e Introduce variable d = com
comb T Yoot
e Infer b-quark production flavor from sign of d.omp

e Obtain event-by-event dilution with function D(dcomp)

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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eD? for SST + OST/Q.py WV%T%A

e SST + OST/Q,p, are also combined using P.D.F.s

Sample Tagger €, % D, % Unbinned €D2, % Binned 6D2, %
§ :% “Comb. SST” 89.1 = 0.6 178 £ 0.5 2.82 + 0.15 4.02 &+ 0.17
™ o “Comb. OST" 18.3 + 0.2 222+ 1.1 0.90 & 0.09 1.26 £+ 0.09
L 3 | "Qopp’ 99.9 £ 06 | 103405 1.06 + 0.09 131 + 0.10
Q “All” 100.0 £ 0.6 18.3 £ 0.5 3.33 + 0.17 476 + 0.18
§ “Comb. SST” 88.4 + 1.2 19.0 £ 0.6 3.19 4+ 0.22 481 + 0.26
™ a “Comb. OST" 16.9 +£ 0.3 26.8 + 1.4 1.21 £ 0.13 1.91 £ 0.15
I S| “Qopp” 1000 £13 | 9.8+ 06 0.97 + 0.12 136 + 0.14
CQ§ “All” 100.0 £ 1.3 189 £ 0.6 3.58 4+ 0.23 5.79 £+ 0.27
$ o

E 5 “Comb. SST” 93.0 = 0.7 142 £ 0.5 1.86 £+ 0.14 2.49 4+ 0.16
3 9 “Comb. OST" 25.4 + 0.3 2324+ 1.0 1.37 £ 0.12 2.02 £+ 0.13
I 3| "Qopp” 99.9 £ 07 | 69405 0.48 + 0.07 0.78 = 0.09
CSJ “All” 100.0 £ 0.7 148 £ 0.5 2.20 4+ 0.15 3.86 + 0.19
§ T% “Comb. SST” 815+ 0.7 13.1 £ 0.6 1.40 £ 0.14 2.01 £+ 0.16
~ kq)) “Comb. OST" 244 + 0.3 276 £ 1.1 1.86 £+ 0.16 2.70 £+ 0.17
L | “Qopp" 983+08 | 93406 0.84 =+ 0.11 1.24 + 0.13
) = “All” 08.3 + 0.8 157 £ 0.6 2.43 4+ 0.18 443 + 0.23

e Tagging power eD? grows as a result of combination
e Combined tagging power for both B, decay modes is (4.09 4+ 0.14)%

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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Dy _ gty |
Calibration curves
To obtain event-by-event dilution for B, we:
e plot D(dcomp) dependence for By — uDg(¢pm) Monte Carlo (black)
e plot D(dcomp) dependence for By — J/1¢ Monte Carlo (red)

e obtain weighted-average points from both plots (SST fragmentation does not
depend on the B decay mode)

e fit them with parabola + constant (blue)

DO Run Il Preliminary

Dilution grows as |deoms| grows, quite close to ideal case D = 100% - |dcoms|

Dilution (%)

80

70F
60F
50F
40¢
30f
20F

10

- B, -> pgn
L B> o

Co Average

b 05 1

d_.,el

COMB
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All likelihood parameters

Number Variable Value

1 fsz'g (st'g) 0.04094-0.0013 (1967465)

2,3 M, o ( MeV/c?) 5361.44-1.0, 30.141.0

4 T (um) 456417

5 AD(ps~ 1) 0.194-0.07

6 1A (0)] 0.4140.04

7 |40 (0)]% — |A||(o)|2 0.34--0.05

8,9 51,89 -0.52-£0.42, 3.1740.39

10 bs ~0.5710-20

11 AMs(ps—1) = 17.77

12 S 1.244-0.01

13, 14, 15 Bkg mass polynom: alp, @yl ag] -0.0640.03, -1.45+0.08, 0.68+0.11

16, 17, 18 Bkg time exp. norm.: f_, fi, f4 4 0.049+0.004, 0.15540.004, 0.035+0.003
19, 20, 21 Bkg time exp. slope: b_, b, by 4 (um) 6543, 8843, 399421

22,23, 24,25 Transversity polynom: X2p, X4p, Xor, Xy 0.85+0.09, -0.60+0.09, 0.39+0.17, -0.2340.19
26, 27, 28, 29 ¢ polynom: Y74, Yo, Y7, Yo -0.23+0.01, -0.1040.02, -0.1540.02, -0.00+0.04
30, 31 ¥ polynom: Zo,,, Zo; 0.05+£0.02, 0.2740.06

32,33 Interference-like terms in bkg: Intp, Int; -0.011+0.003, -0.0184-0.001

A. Rakitin, Lancaster University, SLAC Experimental Seminar, May 27, 2008
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DS Comparison D@ and CDF hﬁleEARSJE%) \

CDF Run I Prelimiijary L=1.235 fb”_

a~0.4r 5 -
0 f (a) DO, 2.8 fb™ —~ 0.6[ =M prediction [
~0.3 me°_ 0 - —68% C.L. :
S W2 gaF gswol
0.2 AM = 17.77 ps™ :
B <] U 2__
0.1 Tl
of 0.0
0.1 — SV -0.2F
- I Al = Algy, x [cos ()| -
0215 1 o5 0 05 1 15 -0.4]
0} (radian) i
-0.6¢ . |
0 2 4
2|3;5 (rad)

¢S — _263
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DS B, — J /1 ¢ systematics m%%v \

Source 7 (ps) | AT, (ps™) | AL(0) | |Ao(0)]” — [A;(0)]” | &,
Acceptance +0.003 +0.003 +0.005 +0.03 10.005
Signal mass model -0.01 +0.006 -0.003 -0.001 -0.006
Flavor purity estimate | £0.001 40.001 +0.001 +0.001 10.01
Background model +0.003 +0.02 -0.02 -0.01 +0.02
A M, input 40.01 4-0.001 1-0.001 10.001 oo
Total 1-0.01 o0 o0 40.03 oo
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