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B-Physics at D@
Recent Results & Plans

Hal Evans (for the D@ B group) Columbia U.
1. B-Physics & the DG Detector

2. Recent B-Physics Results
— Rare Decays
— Lifetimes
— Mixing

3. Planning for the Future
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Preshower

Solenoid / .

4 Fiber Tracker

I i

Sikcon TrﬂT:RH
— 17

2 T Magnetic Field

— track reco to P, =180 MeV
Silicon: 2.7 — 9.5 cm (barrel)

— 6 barrels / 4 layers + disks

— 793K chan’s (most 2-sided)

— Layer 0 this fall (r ~1.7 cm)
Fiber Tracker: 20 — 51 cm

— 8 double layers: axial & stereo

— 77K channels

Large Acceptance: [n| <3
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Muons
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‘ Trigger I

Main B-Physics Triggers

754

Detector Level 1 Level 2 ] )
Single- and Di-Muon
2.5 MHz 2.5 kHz 1 kHz
CAL >l L1Cal | L2Cal [-
o, . B, Mixing Data Set
} Callrk ™ _ ~67%  Di-Muon
= o H -
c/f PS 4} L1PS | L2Ps H — ~25%  Single-Muon
— ~8% other (u+jet)
CFT | L1CTT | L2CTT |-
T Typical Rates (Hz)
S _ _ ER
SMT | i L2STT atL =4x10°' cm—s
----------------- Trigger L1 L2 L3
> L1Mu -
MU ) L2Mu [T dimuon 50 15 4
singlemu | 120| 100| (50
FPD | L1FPD
y Total 1600 | 800 | \ 60
\ Global -
Framework [ L2 > Level 3 L3 limit ~ 50 Hz
50 Hz = prescale !
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H.Evans

‘ D@ B-Physics Results I

Y Differential X-Section
B, — D.,(2536) p v X

B. Semileptonic

B, D"
-
X(3872)

D,—-¢mand D — ¢~
B, —-u'po
B, —»ut

B, ALT

B, — D, u X Lifetime

B*/B° Lifetime Ratio

A, — Jly A Lifetime

B, — Jly ¢ Lifetime

B, Mixing using D (¢m) u X and OST
B, — D(K'K) u X Reconstruction

B, Mixing

160 pb-
485 pb-1
210 pb-1
250 pb-1
350 pb-
230 pb-1
508 pb-
300 pb-
300 pb-
240 pb-
450 pb-1
400 pb-1
440 pb-1
250 pb-1
220 pb-1
460 pb-1
200 pb-1
250 pb-1
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PRL 94 (2005)
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PRL 94 (2005)
PRL 94 (2005)
PRL 94 (2005)
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‘ B’s Galore ! I@

Mode evts / 100pb-1
Jhy — ptu 1.14 M
B* — Jly K* 1700 B, —» D_,(2536) p v X
B, — Jly K? 740 < 10 —
B, - Jiy KO, 20 % [ 485 pb- D@ Run Il Preliminary
B, — Jy 0 100 2 8 Dy* — D™ Ks?
A, = Jly A 25 ‘% 6:_ |
B.—->JyuX 65 it i
X(3872) —» Jly n* 230 al- 4 3
B> D"pnv 210 : ““ T l } ¢ l
—ban 1 T R TR e
B, — D, uX 4 AT T ‘“‘| T
B* > Du' X 46.2 K 25 In5a5r5|ant Mass of D* K° (GeWc )
Bq > D7 W X 19K Signal: 18.5 5.5 (3.40)
B, — D (¢m) u X 2900
B, — D (K'K) p X 2500
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‘ FCNC Heavy Flavor Decays I@

« SM BR = (3.4+1.5)x10?

u,c,t .

NN —— 0t b ——p— e b ¢
i ot Y z W z « Enhanced at large tanf
e & ds —edy e ds wct . (MSSM o tan®p)

« CDF-II: BR < 1.5x10”7

B,—urwo
Bs U,C,tz e+ Bs w . o+ ® SM BR ~ 1.6)(10'6
0 v S’_‘E{:}""‘< « Smaller Enhance at large tanf}
u,c,t e ¢ W e

« CDF-I: BR < 6.7x10°
D* - u* u wt I
Z< - 1

s ¢G’_ * SM BR ~ 1.0x10°

b -y s ) (dominated by long distance)
d a - Enhanced in e.g. RPV SUSY
ot « FOCUS: BR < 8.8x10¢
short distance long distance
9 BE~1.0 x10 ° 24-Jun-05 9

BF ~0.4x 10



| B, — p*uand p*uo |

> 60000
2‘“ s Jhy DO Preliminary
s o0 < uw*u- Events
7 400005
S 30000L 20
5 l/./ v Y(1S, 2S, 39)

20000F SM signal ( x 10°) \.

10000F / g

D:

3 6

) 70 12

invariant (1) Mass [GeV]

2 — + -
“% 1.8-D@ Run Il Preliminary B—up
2 }g;— Signal region
= 1 p- Sideband 1 * " Sideband 2
w1
2 0.8F
= 0.6F
2 04r
= 0.2-
0~"26 48 5 52 54 56 58 6 6.2
- Invariant mass (W L") [GeV/c
300 pb’ (W) ]
r\i; 1_§§_DG Runll Prelimin_ary _ Bs—>u+u'(])
> 165 Signal region
< 14F ke J
Z 1.2F sideband 1 > Sideband 2
w1 &
Z o8- %
506 O
> 0.4 (&)
= 025
026 48 5 52 54 56 58 6

Preselection

— vertexed p*u-
P+>2.5GeV, |n|<2.0

— pair of opp chrg tracks (¢)
— P:B>5GeV

Final Selection Discriminants
— Isolation of p*u-(¢)
— Pointing Angle: o(L,,, , P)
— L,, Signif: L, /dL,,

Normalization Channels
— urue B* —» Jly K*
— pwo  By—oJho

Invariant mass (" | ¢) [GeV/c’] n Connection: 24-Jun-05 10
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Limits

B, — n* u- Normalization B, — u* u- ¢ Normalization

| Mean = 5354.95 MeV

- [ - -
1200 - = Width = 27.32 MeV
§:$ | Do Run Il Preliminary é o D@ Run Il Preliminary IStignaI 2
i B - JyK" a B Jj Background = 22
=) 80;— NB* =906 + 35 + 22 E 12 s — JIy (]) S/(S+B) = 0.767
S 60 3 1o} |
2wl -
E 40 of Ng. =74 11
e 205 _
=3 C o 6
3.8 5 52 54 56 5.8 26 a4 | |
Invariant mass (1" [ K*) [GeV/c]
2
i3 5 52 54 56 58 6

Invariant mass (u* p~ K* K7) [Ge‘\."ch]

Channel | Eff wrt Pre-Sel | N(bgrd) | N(data) | BR Limit (95% CL) | SM Pred
[TV h 38.6% 43%*12 |4 3.7 x 107 3.4x10°
w0 52% 5.1%+1.0 | blind 1.2 x 10-° (ave) 1.6 x 106
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w D.* — u'un*and D* — p*run?

Select D, Signal from 508 pb!  Do¢momWW DO Preliminary
¢(u*u)n cand’s w/ Likelihood OF 0.96 < mw" ) < 1.06 GeV/c?
— D Isolation: P{(D)/~XP;(cone) .
— L, Signif: Sp = L, /8L, b 0l d>0.75 |
— Pointing Angle: o(L,,,Py) E : 56> D_cand's
— Signif Ratio: S_(imp-par)/S, § o i
0.35 é En i
0af Signal jwm&{
N (Ds—¢m MC) A _
' - Background \ eSS
0-2- (Mg sidebands) b . 90 2 15 2,40
015 13.23.7 D* (2 76) mu'u T (GeV/c))
0:4|_,_,— ' B(D+ — ¢(u+u—)n ) 0.17 +oo (:)78 +000076
) B(D, » ¢lpp n*)

0 01 02 0.3 04 05 DB 07 DB 09 1

______ ' B > ¢ pnt) <3.1x10° (90% CL)

S|g / (L5|g + ngd) =

World Best Limit 1
2
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‘ Lifetime Roundup I

DO Lifetime Measurements vs HFAG World Averages

v, YA
":""‘I:-"""

(prellm) B, — J/yp X

=B_>

(prellm) B, — J/yid
(prellm) B, — D_u X

{Es}h

B, = JiyK
B, — Jiy K,
= d:-'l'-

(prellm) B™ — Jhy K*
-l'-'..E+..'-'l'-

B*/B
qé Ed""'"

H.Evans

World Best

1.22040.2000.044
1.23240.072

0.450H0.11040.120
0.45040.120

1.39040.1400.130
1.42040.043+0.057
1.47240.045

1.53040.043+0.023
1.40040.11020.030
1.52840.009

1.65040.080+0.100
1.64340.010

1.080+0.016+0.014
1.07610.008

0 0.5

2 (ps)

1.5

~
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n 5000 - =
) a L. E =
= _E'ar‘i_: D@ Run Il Preliminary ﬁ - ¢
= s000; . $
= Fhg, IMIIF“‘ - Right Sign Q10 E 1 ¢
3 b ol N *u Sideband 2 E 300pb" ¢
i g ‘
o - /dqf=133 | $10°
5 _F *I'H'Lﬂﬂq-q:}l-:-# M i S
- Wrong Sign Signal ":ha'*‘l'*-!-ﬂﬂ "% i
- Sideband Region T 10
20001— 35955 evts .
1000 Do 1;_
: ‘ 5153265450 |
u _I L I L il I il 1l 1 | - I Ll I L il I L1 | L i

;
175 18 185 19 195 2 205 21 215 10
Ma(ir) [sevm% .04 03 02 -01 -0

‘ B, — D, u v X Lifetime I

M(B,)

ct,
Y I::’T (”Ds ) K

01 02 03 04 05 06
Pseudo Proper Decay Length {cm)

B, — D, (¢m) n v X Selection Unbinned logL Fit for T using

— no lifetime biasing cuts — signal region

— wrong- & right-sign sidebands
( to constrain bgrd PDFs)

— f(signal) from Mass fit

©(Bs) = 1.420 £ 0.043 £ 0.057 ps

1

World Best Measurement ! — HFAG ave now: 1.472 * 0.045

H.Evans Tevatron Connection: 24-Jun-05
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w | B, Lifetime Difference |@

B, »Jlyo (P—-VYV) Observed Distribution
— CP-Even: S,D waves d°r(t) CP-Even CP-Odd
— CP-Odd: P wave deosbdedcosy
_ relative contributions =f(cos 0,0,C0S V; ‘AO(O)(Z,‘A”(0)‘2,‘Al(0)(2)

= CP states of B,

X G(cos\@) F(o) H(cgs v)

“———— Detector effects

Transversity Angle Fit
— AI' b/w M eigenstates
- R, =]A . (0)]2

u J Jhy Rest Frame
H.Evans Tevatron Connection: 24-Jun-05 15



‘ Fits to Data I

754
D@ Preliminary D@ Preliminary 100 D@ Preliminary
o [ Fit prob: 19.8 % 3L . N
2 a00f it pro 510 A Mass5.26-542Gev oo s [ B, > Jiy ¢ ot
= 350(- 2 B WO o Total signal &, [ 526<M®,)<5.42 Gev e Chesven
a L1 A CP-gven @ 801 ctis(ct) = 5 o Signal
& 300 o E == CP-odd S L —— Background
| 0 F o >
g C Background ] -
g 250_ 510 L 60
= = E L
5 200_ 5 F .
2150 i3 or
S E i
100 B> Jvo . i
L 107 20
50 e
- . 2 LT Fitprob: 61.6% T
] AN I PP I SN PR P S 102....‘........\‘...|....|..‘.|....|... plusit Ll L1 Ly Ly inp
5 51 52 53 54 55 56 57 58 01 -0.05 0 005 0.1 015 02 025 0.3 -1 0 8 -0. 6 -0. 4 0 2 0 0 2 0 4 0 6 0 8 1
Mass (GeV) ctem] Transversity

Data Set: 450 pb-' Fit Results
— 9699 candidate events = _ +0.13
_ 48332 B_ — Jhy(up) o(K*K?) TA(FB +) =139 1 +0.08
— Fit to: M(B,), ct,, cos® = = 0.213) +0.20
— Free params R
¢ fsigs Taves R1» AT, M(B,)
« + resolution & bgrd params

=0.17+0.10+0.02

M(B,)=5.331+0.002_, GeV

stat
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‘ Comparing to the SM I

Flavor Specific Decays also

; DO Preliminary constrain AI'/T
- —— 15 {stat only) * DI . 2 -
R 1o {stat + t) —_
0.8 —— w{igths‘:ﬂ.l'?& coﬁ:tsraint {1 o stat) FfS F - AF / 2F
0.6
0.4 Using PDG t(B,—D.lvX)
0.2 7(B,)=1.39 02 (stat + syst)
o < AT
ol s = =0.23 1% (stat +syst)
i T '
-0.21~ WA(f.5.) + 16
_04'...|....|....|....|....
' 0.0368 0.0396 0.0424 0.0452 0.048
cT(cm .
|m,1....ll,,,|...Llu,.|..L.lj,..|...l|1(...|) Assuming SM = CPV §¢
1.15 1.2 1.25 1.3 1.35 1.4 145 1.5 1.55 1.6 073
tps)  [cos B =1.46 [y,

H.Evans Tevatron Connection: 24-Jun-05 17
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w ‘ B, Mixing Analysis I

D, signal D@ Run Il Preliminary |
3000

Data Selection

_ BS_)DS-“‘-'.VX E 460pb1
D, — o(K*K) F o onf
— no explicit trigger required i 5019 + 292

— some t-dependent cuts D, >om
(effects ~cancel in Asym) 70" 100 13339277

Untagged
|
:' 1.7 118 1?9 Masé (GE\-IU )
Opposite Side (Muon) Tagger . signal o "P“‘:"
:' s un re |m|nary
— Q(jet) containing muon Bg:' _\‘h+ T ]
— Pyl x Q) VD
— Q(secondary vertex) A\‘ T %805

@
Q
1

Eff & Dilution from Data MK k-

Ntagthot =35.1% 40-5 D,—¢m
_ D 2n-1 =44.8% 675 % 43
(n = Ncorrect/ Ntag) Tagged
1.7 1?8 119 Mgsmm ((;21” )
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Asymmetry

0.8

0.6 [

0.4

0.2}

-0.2

-04

‘ Measure Tagging using B, and B* I@

oc cos(Am -t)

1* DX Sample

D@ Run Il Preliminary

_I_ u D0 X Sample
(85% By - 15% B*)

0 005 01 015 02 025
VPDL (cm)

use in B fits

unmix _ ppmix
Asymmetry = N N
wﬁ”}I( Sample | | | | 21
D@ Run Il Preliminary £
; 0.8
+ < 06
s A : 0.4
J[ T ! 0|
u-D?2 X Sample 0f
(85% B* - 15% B,) 02
0 005 01 015 02 0% o
VPDL (cm)
Ny 0.734 £ 0.015
Ng 0.724 £ 0.021
Am 0.558 £ 0.048 ps-!
(HFAG

0.509 * 0.004 ps winter 05)

H.Evans Tevatron Connection: 24-Jun-05 19



‘ B, Results I@

D@ Run Il Preliminary

g " D@ Prelim Result
e 1 Asymvs VPDL
g 95% CL: Am_ > 5.0 ps-'

+ + sensitivity: 4.6 ps-’

T

054 World Ave
460 pb-1 ALEPH |
| ALEPH D_I
-1 . : . ALEPH B,
0 0.02 0.04 0.06 : ; . ; ;
VPDL (cm) ..
D@ Run Il Preliminary Expected Limit
P00 e Comparison
2 pgladatati. o (stat. A
E BiDdatat 16450 /1 OPAL | = : . :
4F OPAL D, :
) SLD D,
b SLD Dipole
-2:_
C & 95% CL limit: 5. I:Ips
-4 .o. sensitivity: 4.6ps’ \
- ' (prelim) DO Run I : : : : : : ;
-5__.95%CL|IH‘IIT52S(STBTO ) EE N P NS FEEE P RS RS A R
- .e. sensitivity: 5.1ps " (stat. only) 0 2 3 8 8 10 12 1 16 18 20
'B—..................... . -
S R [N R S | T/ Amg Sensitivity (ps

Am, (ps’)
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‘ D@ Upgrades for High Luminosity I@

www.fnal.gov/directorate/DOE_TeVOps05_Review.html Trigger (mainly L1)

9 — allows viable trigger list as
8.2 fb! L S 2 1032
2.9x103%2 cm2s-1 %

2x103%2 cm-2s-1 \
we are here \

\

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09

>1%° L3 Bandwidth Upgrade

e — current limit for B-Physics
triggersis at L3

— proposal: add dedicated
50 Hz of output bandwidth

[=] - 3% (] L= w [=2] | [=2]
L 1 L L L I L L

Integrated Luminosity (fb-)

dE/dx using SMT

Silicon Layer-0
— integrated radiation dose
= inner SMT layer dies

— add new, rad hard Layer-0
atR=1.7 cm

— Impact Param: 55—35 um
at 1 GeV

L p Kaon candidates for B — porX

(g

0.6
0.5
0.4

0.3

0z

DA

~golf ball size !
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Integrated Lumi for indicated sensitivity

Reach in B, Mixing

In Review N?w (for EPS 05) Further Down the Road. |
— add K'K mode

— improved tagging
(add electrons + more var’s)

16.':'III|III|III|III|III|III|III|III|III|II

L
E=T
14.0 |- Semileptonic
=]
4500 o -+ BW upgrade
5 R S SR, S
4000 jp———m—m—mmm—————————— [ ___| = 120
— Toward 1 fb-1 = f
2 3500 l— L S = 100F
= 30004 - = Y S SN S
— ® ~2: additional chanrels, CE' 80 -
i':,_ 25000 KUK, 3, KK = - Hadronic
% x =24 electron flavor tagging E 60 - + Layer 0
& 2000 - x ~1.7 gelection, improved SN 3 C
— Current O e R Y S A
= Sersitivity % 40 ¢
ol 570 Y S E et -
5 Current O Further irmproverment, () ::'_'m'td F:Sg?%li"'
2 1000l ... " Limit @ 8% CL ~ ] unbinnedlikelineod % >0 Zj B upgrade
=3 % ~2 flavortag probability - =
é EvEr'rl-by-E\.'Eht DﬂlI|III|III|III|III|III|III|III|III|III
500 - re—==""" - 1 %13 msolution 14 16 18 20 22 24 26 28 30 32 3 1
evert-by-avent S 1 LAy [pS ]
0 . . : . . . . - ' Tl Tamncll
4 5 6 7 8 9 10 11 12 Fromglobal fits - regen
Amg [ps]
cover ~full SM range

semileptonic sens ~ 12 ps-! with 1 fb-'s (but need to establish hadronic modes)

H.Evans Tevatron Connection: 24-Jun-05 22



Lifetime Futures

B, Lifetime Projections
Mode Lumi (fb') | Stat(ps) | Syst(ps) | Tot(ps) | reduction coming soon
D, u X 0.4 0043 | (0.057 ¥ 0.071
4.0 0.013 0.03 0.034
D, m 4.0 0.04 0.01 0.04
i, 1 P2 Prefiminary 450 pb"’ — AT'IT" Projections |4 fb "] Estimated precision
P Sl N, - 15 13— with WA constain 1o stat)
081 Lumi Error on £ 1.0f--. DO default 10 stat.
NN (fb-1) ATIT < o.8f
e NS 0.45 0.45 0.6 D@ 1, & ATIT
0'2:_ 2 0.12 04  theor. 1 band ™~
= . 0.2F N\ Lo
0'2; WA(fs) 10 4 0.08 . _
g N -0.2[- Flav. Spec,
4o ook Gowm ooz o 8 0.06 _04:.15.1..2...1..25.1..3..1..35..1..4..{Ag.ilg‘?.:gg.i 3
Theory | 0.12 +0.05 T T R es)
Assumes:

e Layer-0 + 3-angle Fit for AT'/T’

H.Evans Tevatron Connection: 24-Jun-05 23




w | More Crystal Ball Gazing \

Most DG B-Physics Results are Statistics Limited

Rare Decays
— reoptimize selections, F-B Asym’s, Ku*u, K'u*u, ...
— broaden charm FCNC analysis

ATIT
— 3-angle fits, Separate Lifetimes for CP-state (¢¢, D,{)D ")
— Integrated CP asym in semileptonic, 3, ...

B, Mixing

— more modes: K'K,3n,K.K+ B, —> D,
— better tagging: electrons, more variables
— event-by-event likelihood fits

(some) Others
— B, D**, D,: move from observation — measure properties
— Jhy & Y Polarization and b cross-section
— B, semileptonic and hadronic decays
— make more use of neutral particles (y, 1% x.—Jhy vy ...)
— more decay modes

H.Evans Tevatron Connection: 24-Jun-05 24



w ‘ Conclusions (Beginnings ?) I@

1754
D@ Physics Program is Hitting its Stride

— detector well-suited to many measurements

Several World Best Results
— D* - u*f un*; B, Lifetime

Interesting New Results Just Around the Corner
— improved Am,, rare decays, ... for EPS 05

D@ Upgrades for High Lumi = Improve Performance
— trigger, layer-0, L3 bandwidth upgrade

Stay Tuned ! 1
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‘ Low P Tracking I @

[ B_T of show pioa_| =

jooo0|—
8000 —
6000 |
4000 —

02 04 04 DLE 1 1.2 1.4 1.8 1.%

Py [Gev] -
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B — u* u (¢) Final Discriminants

107¢

10°.

I T

4
107 -
E L I L L L | L L L |
0.2 04 0.6 0.8 1
Isolation
£  FD@ Preliminary
£ — Signal MC il SR
- . et ;
£ . |- Sideband Data-
<« 10 E
10° |
S . i
0.2 0.4 0.6 0.8 1
Isolation

H.Evans

107;
= [ g Cut DO
s 1
£ 107
< -

10'355

-41E -
07 e
0 20 40 60 80

Decay length significance

Arbitrary
C

=y
Q
[~

10°L

107 L

D@ Preliminary

—Signal MC
---Sideband Data

40 60 80
Decay length significance

Arbitrary

Arbitrary
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B, Mixing Details
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