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— Study of production and properties of heavy-flavor hadrons
— Indirect searches for new physics (NP)



e Multi-purpose detector

» Silicon and fiber trackers immersed in

2 T solenoid, coverage [n] <3

* Muon system (central + forward),

coverage |n| <2

— Includes its own magnet — toroid

» Two magnets — solenoid and toroid — L

flip polarity every two weeks
— Unique feature of DY
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LANCASTER
Did “Three-Scoop” Baryon = (dsb) )K
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o 6.2¢
e In HQET Qq meson is similar to hydrogen atom 3 i
* Predicted: Two broad jq = 5 and two narrow jg = 5 excited states g:z
« Search for narrow states: B _ B 1t (left) and Bgﬂ - BOk (right) ~ sa
. Bgﬂ - Bgmnforbidden by isospin 5.7
. O O O O 5.6[

* Expect 3 peaks: Bs); ~ B (K), Bg), -~ B 1K), Bg), ~ Bm(K) ol
* Bs)1 - Bm(K) is forbidden ”
5.3}

5.2

Orbitally Excited b Mesons

Diagram for Bs (similar one for By)
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Fit for By and 82D [PRL 99, 172001 (2007)]
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e All masses and branchings are measured
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Fit for Bg; and BL) [hep-ex/0711.0319, Acc. by PRL]
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N(BSDZ) = 125 + 25(stat.); Significance 4.80
Mass and branching are measured

N(Bgq) = 25 + 10(stat.); Significance < 30

More data is required to claim observation of Bgq



Dz B. - 1VD.(2536)X

A\

0 [~ -
Motivation: S 15000 D@, 1.3 b
- (O] »
* Semileptonic decays of Bs into L = 1 states (Dgﬂ) E - . e Data
comprise significant part of total Bs width g IR & N D*signal
« Important in inclusive/exclusive decay rates, @o000— e Background
CKM elements, Bs-mixing S — Fitfunction
* Help us better understand DE} systems _c% -
] O 5000(—
Analysis: [hep-ex/0712.3789] -
e Start reconstruction with B — uDOX,DO - K B
 Add asoft pion g togetB - uDDX, DY - DO . S sy |
(top plot) 0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17
PP 0 . - M(D")-M(D") (GeV/c?)
* ThenaddKg - mm and get Dg~ (bottom plot) % F
=~ | D@, 13"
Results: 2 30— ’
« N(Dg7) = 45.9 + 9.1 (stat.) E I e Data
« Statistical significance 6.10 N T B D;,(2536) signal
%] B ®
« m(Dg;) = 2535.7 + 0.6 + 0.5 GeV/c? (agrees with PDG) & 20} Background
A o | —— Fit function
* Br(Bg - DgiuvX) = o L
=1.03 + 0.20(stat.) = 0.17(syst.) + 0.14(B)% i ] | | | | |
« Largest uncertainty - from K¢ acceptance 10~ I N Ll Illl 1l | T lll“ l”
« First Br measurement - sy *T' et '|°|° RS BRAE i}
« Consistent with predictions: 0.2 — 1.1% - Llif |“‘|. | ‘l |I 1l | | || ! +T|+ | |T
[PRD52, 2783 (1995)], [PRD61, 014016], [J.Phys. G 29, 2059 (2003)] 25 252 254 256 258 26 262 264

Invariant Mass of D* K2 (GeV/c")
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i LANCASTER
Dz Lifetimes ( Ay, B.) e\

+ —_—
« Heavy-Quark Expansion is successful for lifetimes Be — pvud/p, iy - pu
of B-mesons, less successful with B-baryons [D@ Conf. Note 5524]
» Same techniques used as for CKM calculations
 Stringent verification needed U Ay lifetime is important

Bc - 2 heavy quarks, each can decay
Shortest lifetime of all B-hadrons

« Np — HVACX,Ac - KJp [PRL99, 182001 (2007)]
+0.119+0.087

Three u final state - take advantage of

= T(Ap) = 1.290_5170-0.091 PS good D@ muon system
e Ny - J/IYA (and By - J/Lng) [PRL99, 142001 (2007)] e Main physics bkg: By - J/YK,K - uvm
— T(A\p) = 1.218J_r8:ﬁ’g + 0.042 ps D@ Run Il Preliminary 1.3 fo [T I/Oqﬁalsgia“
— 1(Bg) = 1.501t8:8;2 + 0.050 ps §104|;; 5 S’/rchmﬂc
. . . .. = M
— Ratio consistent with prediction: L r ] signal
X JIg + Trk
0.88 + 0.05 ps [Eur.Phys.J.C33 (2004)] S“F (e
4 ok
£ 10 ? 1 Lﬁ -
° | ¢ Data D@, L=1.2 fb 1ol
s10°t [l Signal N,— JYA '
§ - — Total
%102? - "
= 1001 -0.05 . . . . 0.3
8 10 PPDL (cm)
8 _ 0.039+0.039
L W 1(Bc) = 0.44475 03570 ,034 PS

10520, 01 02 03 04
Proper decay length (cm)

D@ Average T(/\p) = 1.251*9°39 ps [PRL 99, 182001 (2007)]
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DS Direct CP-Violation

Charge asymmetry in B - J/YK:

A _ NB S IYKH)-NB ™= I/PK )
CP = NBFT-JI/YKTH)+NB~ - I/YK)

SM: 10.003, NP: 10.01 [hep-ph/0605080]

» Detector asymmetries cancel because of flipping
toroid polarity

« Physics asymmetry for K*/K™ interaction with
detector material: reaction K™+ nucleon - 1+ 2/A
has no K*+ nucleon analog

o Finally:
0 Acp(B - J/PK) =0.0067 £ 0.0074 + 0.0026
[0 PDG’06: Acp(B - J/YK) =-0.024 £ 0.014
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[DO Run I Preliminary, 1.6 fo "]

Asymmetry vs. kaon momentum
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DO Y gty |
CP-Violation in Mixing

Schrddinger equation for Bs system:
b u,c,t S b W s

g <|B—S(t)D> = (M - i) <|B—S(t)D> 1 BsH =p[Bs(t)=q[Bs (1) §

e _
dt \ Bs()O IBs(t)U Bs | Ep[Bs(t)Fa[Bs(t)O w'

S

W+

<
o |
1
S VWY
|
o |
o |
~ 0O C
~lolc]
o

|

Observables:

MS
AMs = My =M = 2|M3,|and Al's = [ = [y = 2|,| cos ¢, where ¢s = arg (—rle) — CP-violating phase
12

S
S _ 12 _ Alg _ "
ag =Im —Mfz = AV tan ¢ — small and sensitive to NP

Two time-integrated DY analyses:

Inclusive muons: Semileptonic Bs decays
AHMH ZN(Bb - " X)-N(bb -y p"X) AS = N(Bs—H"DgX)-N(Bs ~u"DgX)
SL  N(bb - ututX)+N(bb - u~pu~X) SL = N(Bs—uTDgX)+N(Bs — i~ DgX)
A, =-0.0064 + 0.0101 [PRD76, 057101 (2007)] A, =0.0123 + 0.0097 + 0.0017 [PRL9S, 151801 (2007)]
Consistent with SM  [hep-ph/0406300] ¢ SM: 2 [A3, =(0.000021 + 0.000004) [hep-ph/0406300]

* NP may increase this value, up to 0.005

In both analyses detector systematics again cancels by flipping toroid polarity

Combined: a2, =0.0001 + 0.0090 [PRD 76, 057101 (2007)]

Thus, | Al's [(fan @ = a3, [AMs = 0.02 + 0.16 ps™

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008



w LANCASTER ) &
UNIVERSITY
Al's and @ from Bs - J/Yo@
* Mostly CP-even final state
* Angular analysis is needed to disentangle
small CP-odd component
e Angular momenta: |J =00~ |J =10 |J = 10
* Amplitudes:
— Ag(t) - both V’s longitudinal, CP = +
- A”(t) - both V’s transverse
with polarizations parallel to each other, CP = + d
— A (t) - both V’s transverse
with polarizations L to each other, CP = — -

3
d°r(Bs-J/
* Rate g cos(egcpd C‘é’;p)w depends on angles ¢, 6 and ¢ (see plots) T

and on the amplitudes Ag(t), Aj(t) and A | (t)
* The amplitudes depend on 'y, I, AMsias etc ]
e This dependence is different for Bs and Bs @ medt frame
» For given event the rate is multiplied by probability
of Bs or Bs flavor (obtained from flavor tagging) ‘!j,.-'

Perform unbinned likelihood fit with function: Iy H_,f"' ¥

L= Hil\il[fsig fslig +(1- fSig)ftl)kg] ¥

* BKg is split into:
— “Prompt bkg”, where J/{y comes from PV &

— “Non-prompt bkg”, where J/{ comes from b-hadron

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008 8



Invariant mass and lifetime plots:

500
> [ D@,2s8fb * Data
= T it — Total Fit
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©
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Al's and @ from Bg

LANCASTER)K
UNIVERSITY

> JIYo

s~0.4r -
-U,O C (a) DO, 2.8fbh™
8 '_ 0
I_w0-35 m B JY o
Jo2f AM, = 17.77 ps’}
0.1
-0
-0.1- — SM
- I Al = Algy, x |[cos( @)
C e P I S N N NI BRI

1 1 I 1 1 1 1 1
-0.5 0 0.5 1 15
0} (radian)
Dashed - 68.3% CL, solid - 90% CL

02715 1

Main results:
- +0.02 -1 - +0.24+0.07
[hep-ex/0802.2255, Sub. to PRL]

There is a small inconsistency with SM...



Doy . gty |
New Physics?

In Bs system New Physics can be parametrized by complex number As = |Ag| [expi%A [hep-ph/0612167]:
M$, = (M5)SM s, AMs = AMSM Oag,  Al's = 2|Mpp|cos gs, where gs = g™ + ¢

ImAs vs Relg

e As =1inSM

* Red: from CDF’'s AMs measurement [PRL 97, 242003 (2006)]

* Yellow: from Al s/AMs with Al from D@ [PRL98, 121801 (2007)] - untagged 1.1 fb~ L analysis

e Blue: from D@ ’s agl_ measurement [PRD 76, 057101 (2007)]

» Forward and backward regions: from sign of Al's from D@ [PRL98, 121801 (2007)] - untagged 1.1 o1 analysis
» Dashed wedge: from ¢ from D@ [PRL98, 121801 (2007)] - untagged 1.1 th~L analysis

- In SM all regions should intersect in point (1,0)
« Current experimental situation (black area) shows a small deviation which may become
significant as the uncertainties go down

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008 10



Motivation:

* Predominantly CP-even final state
[Phys. Lett. B316, 567 (1993)]

» Can extract width difference between
CP-even and CP-odd Bs states, AI‘SP,
from branching ratio

o Test of SM

Al from

Analysis: [PRL99, 241801 (2007)]
e Bs - ng DgD], one Ds - @)1,
another Ds - @)UV
 Dsand DSD are not distinguished

* Reconstruct @) (top left plot), then pigyqy 7 (top right)
* Inthis sample reconstruct ¢y (bottom left) and then

add muon to @) (bottom right)
» Dashed line - disjoint production (bkg)

Results:

* N(ug) = 134750

e Stat. significance 2.20

. BrC:PO.039f8:8%$(stat.)fgzg%g(syst.)
AT

e 0.0799-035(stat.) "5 035 (syst.)

» Agrees with SM prediction: 0.127 + 0.024
[hep-ph/0612167]

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008

Bs — DYDY
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oy . gty |
Bs Mixing

— Measurement of AMs Semileptonic and hadronic modes: Nsig
— One needs to know Bs —» uvDsX,Ds - @m 45K
1) Bs-flavor at decay (charges of decay products) Bs - evDsX,Ds - @m 1.7K
. . [0
2) Bs-flavor at production (Bs-flavor tagging) Bs - uvDsX,Ds - K™K 18K
0
3) Proper decay length Bs - uvDsX,Ds - KgK 0.6K
Bs - DsmiX,Dg — Qo 0.25K
2 —
1 2 S _(AMS GCt) 2 Semileptonic+Hadronic D@ Runll Preliminary
Sig(AMs) < v eD —\/mexp e
- Flavor-tagging: high eD? = 4.0% B 3pf R L B R ’
T 208 o
opposite side | vertex side 1 - 1
l u
jet charge i neutrino 0 m | W
QJ,/----S\\\V i fragmentation ¢ ol p
B | : 2L ]
S : 4 3 _f
K ""5'3""1'0""1'5""2'0""3'5"'_‘1'0
Amg (ps ™)
K
n « AMg = 18.56 = 0.87(stat.)

» Significance 3.10
« D@ Conf. Note 5474

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008 12



w

D — pu'u~1T [hep-ex/0708.2094]
« SM forbids FCNC at tree-level 0 sensitive to NP

 Searchforc — uutyu™:

~ DIDs - @m @ - piy”
— use D" due to long lifetime and high production rate

_@mnmass

DQ 130

300

200

Events/ 20 MeV/c®
=
S

19.40 1165 l.‘90 2.‘15 240
mT ) (Gev/icd)

* N(Dg) =254 + 36

* N(D)=115+31

e Comb. signif. 8¢

e Signif. D 4.10

FCNC

[J [J T mass
15 —————— -

D013fb1

S

® 10} 4

=

Q

2

T 5

>

L

](:).40 1.&55 | 1.‘30 2.‘15 240
m(Tp ) (Gevicd)

Non-¢ m(u ™)

Sig. reg.: 19 ev.

Exp. bkg: 25.8 + 4.6 events

Br(D - pmm)

<3.90107%, at90% CL

500x SM

[PRD66, 014009 (2002)]

10x little Higgs

[PRD73, 054026 (2006)]
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Bs - Il+ll_ [D@ Conf. Note 5344]
Runlla: 1 ev. with 0.8 = 0.2 exp. bkg

E DQ Run lla Preliminary
F_ Sideband 1 Signal region

n
o

Sideband 2

Events/5 (MeV/c?)
; o

o
o al =
(REREA]

46 48 5 52 54 56 58 6 62 64
Invariant mass (U* ) [GeV/c?]

Runllb: 2 ev. with 1.5 = 0.3 exp. bkg

E D@ Run lIb Preliminary
F Sideband 1 Signal region

1]l

46 48 5 52 54 56 58 6 62 64
Invariant mass (i* i) [GeV/c?]

N

'U'll\)'(n

Sideband 2

Events/5 (MeV/c?)
=

TTTT‘TTTT‘TTTT‘TT

o
o O R

Normalize on By - J/YK (same cuts)
>60

®__ ED@ Run I Prellmlnary 2fb *
=500EgE g/ K*

HC—>100
* 0

o E —Runlla
400

<400 ~Run b

9300

T 200F

3

m

5 51 52 53 54 55 56
Invariant mass (u* p" K*) [GeV/c?]

« BBs - ptp7)<7.5x1078 at 90% CL
. SM:Br = (3.42 + 0.54) x 10~ [Phys.Lett.B566, 115 (2003)]
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D& Summary

» Very rich B-physics program at D@
* A few highlights shown today:

First observation of = + other spectroscopy analyses
Precise A and B lifetime measurement

Search for direct CPV and CPV in mixing
Measurement of Bs parameters

Search for FCNC

Exciting time to do B-physics at DO !

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008
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D& Backup

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008
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; LANCASTER
D Als and @ from Bs — J/@o

A few more plots:

+

P

P
[
a1
o

cos 0 [0 cos Y
2™ 5p 2810 - Daa ~T D, 28! - Data ST Do, 281" * Data
Boo.  BO- e T Chewn | B [ Be-dwe —TowlFit |G f  Blouye  —TowlFt
8 E 5.26<M(B ) <5.46 GeV $;§(j§1gnal 2 __5.26< M(B,) <5.46 GeV _ Total Signal r 5.26< M(B_) <5.46 GeV - Backgrogund
5150_— ct/o(ct) > 5 koo L%aloo_ ct/o(ct) > 5 Background L% 8 ct/o(ct) > 5

100 100F b
L { - f
501 so e
0__" | N B AN PR R Q_"_'"'_'"'_'"'_" :
1 08 06 04 02 0 02 04Trgn68V3r§|ty1 3 ) 1 0 1 2 ?Zp 1 -0.8 -0.6 -04 -0.2 0 02 04 06 OOSS(lIJ)
Likelihood profile of @ Likelihood profile of AT's o Al's vs. ¢ 1
~ Al ~ 25 (¢ “n F (a) DO, 2.8fb"
é20E (b) x :( ) L%o.s? "B Jyo
3 18- 3 o2 AM, = 17.77 ps
Z 100 - a
= 105 3 01
5 E -0?
- - 0.1 — SM
n LS R R - . “F AT = A7
372710 12 %2 02 0 02 o4 S T
0} (radlan) Al (ps™) 0% s 4 05 0 05 1. 15

@, (radian)
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« Muons in decay Y(nS) — pu*u~ are distributed as
d(c%ﬁﬁ o 1+ a cos? 87 where 6" - decay angle,

a - known function of pt (Y (NS))

Analysis: [D@ Conf. Note 5089]

» Divide sample into 8 pt bins and 10 cos 6" bins O

a(pt) for Y(LS):

. D@, Run 2 Preliminary, 1.3 fo'

S 0.8
0.6

04 [

02 |,

o [ ™",

-0.2 |

-0.4

—-06

-0.8 |

pr of T(1S)  py(T)(CeV

» Black/Green points: D@ /CDF data

* Yellow band: NRQCD prediction
[PRD 63, 071501(R)(2001)]

 Magenta: two limiting cases: quark-spin
conservation (lower) and full quark-spin
depolarization (upper)

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008

N(Y'@S)) and N(Y@S)) O get a(pT)

a(pt) for Y@2S):

D@, Run 2 Preliminary, 1.3 fb™"

x 1
0.8 F

08 [

++%+#

o E,

0.4

0.2

-0.2 |

-04 F
-06 F

-08 [

0 25 5 7.5 10 125 15 175 20
pr of T(25) [GeV)

* Blue points - D@ data
* Yellow band - NRQCD prediction
* No discrepancy

17



D Bs - LU @ / \

NQ 1_% D@ Run Il Prelimina_lry _
% 1.6 Signal region
= 14
.o < 1.2¢ sideband 1 Sideband 2
e Searchforb - su"u” FCNC e os
e Obtain 0 events in signal region § 8-2
z 0
« Expected bkg 1.6 + 0.4 vy | ,
. 46 4.8 5 52 54 56 5.8 6
. Normallze to Bs —» J/Y@ (same cuts) Invariant mass (U 1 @) [GeV/c]]
Br(Bg — a -3
i BE(BSS _}LIJ/LJI(P()p) < 44 X 10 [D@ Conf. Note 4862] % 23@@ Run Il Pre”minary BO y
+, - -6 = ~Jye
* Br(Bs - p'u ) <41x10 é 25E N;0:73J_rlo
« Consistent with SM prediction 1.6 x 10° 3 20¢ s
= 15k
[J.Phys.G29, 1103 (2003)] % 10E-
5 Skt 44 ., \ s . |
Qe Tt 51 52 53 54 55 56 57 58 5.9

Invariant mass (U W K* K" [GeV/c]

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008



Bs - ¢(25)¢

Similar to Bs - J/p@ O also can be used for Al'cp
Control channel: B —» ¢(2S)K (N = 149)

0 Mean = 5269.89 MeV
D@ Run Il Preliminary Width = 27.10 MeV
Signal =149
Background = 104

S/sqrt(B) = 14.64

~

o
o

a
o

Normalize to B —» J/YK (N =1970)

@
o
o

@ Run Il Preliminary

3]
o
o

# of events / 10 MeV

N
o

w
o

—.—

' t
Lo v Ly P LS AR
52 53 54 55 56

Invariant mass ( p* p K*) [GeVic ].

O
o[ TTTT
o
o

N

= N
S =)
T
[ —_——
[ ——
[ —e
——
—o—
——

Reconstruct Bs - @(2S)@
(N =9, /-2In(£y/Lmay) = 3.890)

Mean = 5273.69 MeV
Width = 40.05 MeV
Signal =1970
Background = 993

S/sqrt(B) = 62.54

I
o
o

E3 \\‘\\\\‘\\\\‘\\\\‘\\O

;

# of events / 10 MeV

[ TTTT
ol

~ 54 55 56

Invariant mass ( pt e K*). [GeVic ].

Normalize to Bs — J/@@ (N = 200)

i
o

Mean = 5356.80 MeV
@ Run Il Preliminary Width = 24.40 MeV
Signal = 9
Background = 2
S/sqrt(B) = 6.488

@ Run Il Preliminary

©
o O

Mean = 5356.66 MeV
Width = 28.93 MeV
Signal =200
Background = 68
S/sqrt(B) = 24.227

# of events / 10 MeV
(=2

H‘HH‘HH‘HHT\UOU

Covv Lo i1y o L T e L
2.8 49 5 51 52 53 54 55 56 57 .8
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B(Bs ~J/yq)
B(B - ¢(2S)K)

Also,

= 0.54 + 0.10 + 0.07 + 0.06(B)

= 0.64 + 0.05 + 0.03 + 0.07(B)
[D@ Conf. Note 4869]

B(B = J/gK)

Consistent with CDF [PRL96, 231801 (2006)] and BABAR [PRD65, 032001 (2002)]

A. Rakitin, Lancaster University, Feb 18 — 23, Lake Louise 2008



