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B-Hadron Properties

» Triggers
» Lifetimes

* Lifetime

* Mass

B__ Sour'ce 7
B Recyclon, ¥ e * Cross section

» Excited States

Main Injector |

* Masses, properties
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Final States and Triggers

» Dimuon Final State » Semileptonic Final

* At least two muons in final

state States
* Dimuon trigger * At least one muon
" Typically used for signals * Single lepton trigger

with J/y in the final state

® Require at least one track
with matching muon
segment along with another
track (2 tracks required in
total)

" pr> 1.5 GeV/c (CDF)
® No lifetime bias from trigger

® Require track with muon
matching segment or
calorimeter energy
consistent with a MIP

"pr>2GeV
" No lifetime bias from trigger
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Final States and Triggers

» Hadronic final state
* All or most final state particles are hadrons

» Trigger on displaced track vertices
* Usually two tracks: Two Track Trigger

» At CDF, at Level 2, cut on SVT impact
parameter: 100 — 1000 um

> BiaseS Ilfetlme / PLANE TRANSVERSE TO THE BEAM \
measurement | B~
primary vertex S,
* Bias accounted for (b-quark production) —’n
using MC 13/ P
ot secondary verte Vﬁ T
» Increases statistics b haciron decam) s
and allows i
measurements in mtt 100 um < 1P <1 o
different channels .
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A, Lifetime
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A, Lifetime: Ay, 2 Jly A, A2>pr-

>

>
>

BO->J/ly KO, BO>Jhy K0, B*>J/y K*
measured to control systematics
Jy trigger

Rectangular cuts used to select J/y
candidates and A (or K,) candidates,
avoiding bias from A lifetime

Use J/y to determine decay vertex

Use a prompt J/yv sample to extract
resolution function and apply to non-

prompt J/y vertices f0L
CDF Il Preliminary 1.0fb™ c

Signal region CDF Il Preliminary 1.0fb™

~ Data
[ signal
—Bkg
— Signal+Bkg

events/50um
2,
|

1=1.580:0.077ps

Events/4 MeV
E 3
[

+ Data MB
— Data it t = L _
[ Signal region C
[ Bkg region p T

N(J/y A)=532

[ 4ﬂ .::::'!: B,
015 04 -005 -0 005 04 045 02 025 03 035
et (Jiy A) [em]

1 er(Ap) = 473.8 £ 23.1(stat.) £+ 3.48(syst.)um
T(Ap) = 1.580 £ 0.077 (stat.) £ 0.012 (syst.)ps
7(Ay)/7(B") = 1.018 £ 0.062 (stat.) & 0.007 (syst.)

5.6 5.65 5.7 5.75
Mass(J/y A) [GeV]

http://www-cdf.fnal.gov/physics/new/bottom/061130.blessed-bh-lifetime_v2/
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¥ A, Lifetime: A, > Jiy A, A= pr-

PRL 99, 142001 (2007)
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E et
° B
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(02— m— 0.1 02 03 04
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Triggers with no IP cuts; most are
dimuon or single muon triggers

Simultaneous unbinned maximum
likelihood fit to the mass and PDL

Systematic uncertainties from
alignment, distribution models,
long-lived components, and
contamination

Measure ratio w/r/t B® > J/hy KO

* Similar topology
* Cross checks

c7(Ap) = 365132:-}(%;10 * 12.7(syst) um
7(A,) = 1.2187013%stat) = 0.042(syst) ps
T(i&b)

_ +0.096 ( .+. Q
—) — O8RSt = 0.034(sys)
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w A, Lifetime: A, > uvA X, A DKo p

» Semileptonic Decay
» Inclusive single muon trigger
No impact parameter cuts

» MC used to correct for the
unreconstructed neutrino

» Yield measured in bins of ct
» Yield: 4437+329(stat) candidates

CT(A0)=386.7+357 ,, o(stat) 261 _,. - (sys) um
7(AD) = 1.29070 11, (stat) T80t (syst) ps

Combined result with DO A 2> J/y A:
ct(A)=375.0*306 0 . um
0} — +0.102

PRL 99, 182001 (2007)

“c  [DZL=131b"
> B
() R
= 14000
w i
»13000"
c i
g-, L
W 12000
I M(KL%p) for A, ° cands
2122 23 24 .
M(K; p) (GeV/c")
gwi— DY L=1.3 fb”
8 — lifetime fit
S - - background
&
S [ ]
9 ETLLE L.
ke
[ R 1 N I |
>
> 10? _____
= e I
0 T o0i 02 03

Measured visible proper decay length A (cm)
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A, Lifetime: A,2 A, AJ2p*Kn?

> Use Iarge Slgnal Aob — A+CTC- CDF Il Preliminary, L = 1.1 fb"
. ‘:9 ----- A, Four-Track
frpm the displaced vertex =400 “ A, Somviegoi
s L 1 | 5 er
trigger 2 raul —srT
> 5.565 < M(A* )< 5.67 %‘000}?-}._ o Ay ALK
GeV/c? £ s, ppl
_ 5 [ & [ Ay > AX
» AO yield: 2927 £ 58 events § 600 ;Y —
» Take into account lifetime .
bias due to displaced vertex 200
trigger e i ¥

6.5 7
m(A} ) GeV/c?

http://www-cdf.fnal.gov/physics/new/bottom/090416.blessed-Iblcpi-ct/
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A, Lifetime: A,2 A, A;2p"Kn™ (2)

» Fit exponential convoluted

» Use MC to extract trigger with trigger efficiency and
efficiency distribution detector resolution function
TSV Effcioncy | CDF Il Preliminary, L=1.1 fb"
E E ' " — B Four-Track
u:.-ru.l:nu:isz— T _ 0 102- Ab—n}cl( .
rigger = F| % |- e
g 0.0025 Efficien Cy s A, Semi-leptonic
2 g g. A, Other
g 0.0020 » B
aQ o 105
E 0.0015 'E - ]
00010} 2 | l '
0.0005 |- — | g 3 Sk ! | .
0.000 : RN L RPN PR I | ..-|I gl , o \
005 0.00 0.05 010 0.15 0.20 0.25 0.30 ctf:‘fi) [cm] E \!

, , 0 { . : 0.2, 0.25
Systematics are dominated by ct(A,) [em]
MC model of trigger efficiency ct(A,)=420.0+13.8(stat)£10.5(syst) um
and decay T(AY) = 1.401 = 0.046 (stat) = 0.035 (syst) ps
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Comparison with other experiments

H. Gerberich

A, Lifetime Measurements

100 200 300 400 500 wm
I ||||||||||||||ﬁﬂ'ﬂ_l_¥_;_l'I

ALEPH A_ |+ A° I —— 1.21+0.11
OPALA, | ] R 129" 7"+ 0.06
DELPHI A, | . . , 11175 + 0.05
CDF Runl A, | — 1.32 2 0.15= 0.07

DO Runll A, | —a—t 1.290 1220 0
DO Runll JAy A — 1.218 1% +0.042
CDF Runll Jiy A e 1.593°00% 0033
CDF Runll A, @ (PRELIMINARY) e 1.4010.046 +0.035

PDG 2008 1.383 100

| l | ] | I | | |

05 1.0 15

| I |
2.0
A, lifetime [ps]
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B, Lifetime

H. Gerberich
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B, Lifetime: Hadronic Modes

» MC used to quantify the effect of
partially reconstructed modes

e “K” factor accounts for missing
momentum and mass:

» Displaced track trigger

» Partially and Fully Reconstructed B,
Modes:

* Fully: B,>D (¢m )t

* Partially: B.>D p*(n*n0); ot — Lyy - mE* K
B.>D K" B,>D  n* o Pry
¥ Double statistics! Monte Carlo
CDF Run Il Preliminary 1.3 fb” ” Dk
i 035 _DZ‘p"
250 g 03F — DS*'TC+
L * ﬁfta 50,25 B, remainder
- ! — BDx g 02
> 200 | B,—D_r(ny) G015
2 —— B.-DK o
=) B B,—D.p
= 150 — B.—D.x " . =S
% L } — BB D+X B0 092 03¢ 098 098 T 02 0t 106 108 14
T - B.—DUK k
2 100 UEM ;_* AM | BoDpex Several control samples used for
C | h\ | - gjagf) lifetime validation and calibration
50/~ R e ) .
E I"i}l D, (SE) - ® BoeD (K+TE T )TC+
45 5 52 54 56 55 5 62 64 * B°>D [D (K e )71? ]n
m(B) (GeV) e B+ DO(K+7I')7I+
http://www-cdf.fhal.gov/physics/new/bottom/080207.blessed-bs-lifetime/
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B, Lifetime: Hadronic Modes (2)

» Effect of trigger on ct CDF Run Il Preliminary 1.3
distribution is evident : I . oue

» The effect of the AN
displace vertex triggeris € %{PH s
taken into account using £,
“trigger efficiency” curve § -
from MC

il

er(Bs — DI (¢pm ™ )m™) = 455.0 & 12.2(stat.) & 8.2(syst.) um
(B 2D (o)t )=1.52+ 0.04(stat)= 0.03(syst) ps

http://www-cdf.fnal.gov/physics/new/bottom/080207.blessed-bs-lifetime/
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w BS Lifetime: BSOQDS-H-FVX, Ds-e (I)TC_

» Semileptonic final state

» Partially reconstructed
» Inclusive single muon

trigger

* No impact parameter cuts

» Monte Carlo used to
determine K-factor to
correct for the

unreconstructed neutrino:

K=p(Dgu*)/pr(BsP)

ct(B2)=419.1 £ 13.2 (stat) *84 , 5 (syst) um

t(B.0)=1.398 + 0.044(stat) *0028

PRL 97, 241801 (2006)

H. Gerberich

10 Sep 2009

0.1

(syst) ps
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B, Lifetime, Mass, Cross section

H. Gerberich



B, Lifetime: B, J/yu+X and B2 J/ye+X

CDF Run Il Monte Carlo

» J/y trigger (semileptonic decay) ’5“015._ B
» Scale K factor determined by MC 2

to account for unreconstructed 50_10_

particles — missing momentum,

correct pseudo-lifetime ool

ct=K x ct’ [
Iy « M(B,)L, (Jly+])
w . et = pAJIw+1) 00— 7o
K= pr(Jhy 1)/ pr(B,) —

Main challenge is multiple backgrounds:
« real J/W + fake lepton / fake J/VY + real lepton
mmeasared @ [e@l J/WY + real lepton — from bb events

. pocsy  © prompt J/Y + lepton

B » residual conversion (J/w+e only)

.
vt
-
-
-
.-
.

http://www-cdf.fnal.gov/physics/new/bottom/080327 .blessed-BC_LT_SemilLeptonic/

H. Gerberich 10 Sep 2009 Beauty 2009, Heidelberg University, Germany 17



B, Lifetime: B.> J/wp+X and B> Jiye+X (2)

CDF Run Il Preliminary: ~1 fo”

CDF Run Il Preliminary: ~1 fb”

E F Data - J/v e E 10°L Data - J/w 1t
3. 0L Total Fit é— : Total Fit
L(Oj E —— Signal rg) il e Si_gnal
o ——bb @ 10°E ——bb
*g 1021 Fake Electron *g E —— Fake Muon
() E ________ Fake J"FW [35) r i e Fake J;w
Lﬁ - IR e Residual Conversion Lﬁ Te ] | \\ T — Prompt J/y
10k AN Wil Prompt J/y 8 Fit prob. = 0.51
;BRI\ Fit prob. = 0.70 4\ L
1 \ \ M ! 3 N
E b B LN A 3 AN
- '. 4 I ».\ ™ - ] .
4 ' R \m\ -1 / ; &\
10 E -_ NN RN 10 7/ i 0
: i IR 2 .-" TR
- 3 \\ A C ; 1 \\ %‘
10'2 J 1 o P |:>| oo |\|u | |‘|.‘.| I L 10‘2 1 |.':| | |.'-| Y B |‘|“‘| T\'tl INI I
-1000 0 1000 2000 3000 4000 -1000 0 1000 2000 3000 4000

Pseudo-Proper Decay Length (um)
Electron Channel Muon Channel

cr, = 121.77153 (stat.) pm et = 17917528 (stat.) pm
Combined measurement using likelihood:
cr = 142.5715-5 (stat.) = 5.5 (syst.) pm

1 =0.475%0053_ ., (stat) + 0.018 (syst) ps

Pseudo-Proper Decay Length (um)

http://www-cdf.fnal.gov/physics/new/bottom/080327 .blessed-BC_LT_SemilLeptonic/
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B, Lifetime: B.~> Jiypu + X

122; DO 1.3fb" — Total
» Semileptonic decay R Signal (s)
. . o 1201 JwuMC
» Single muon trigger—no IP & 100t | vp i G
> ok i Prompt (PR)
cut £ 60 E | — Jhy+Track (JT)
> K factor distribution from MC @ 40- ¢ "l
used to correct for I e S et
] 3 4 5 6 7 8 9 10
unreconstructed particle M) [GeV]
» Mass — lifetime simultaneous il 0o 13! — [oWR
. § — 3lgha
fit used to extract the small B, § 1o D)
. . oy E ! +H
signal among large fractions 8 ;L : [ Prompt (PR)
e = : - . ©e JAy+Track (JT)
of backgrounds ARTISY /5 ot 5
] o - i iy, n
» Yield: 88180 (stat) T e, jl }
10 0.05 0 005 01 045 03 025 03
ct(B,)=134.3 *114_,, g(stat) + 9.59 (syst) um Visible Proper Decay Length (cm)
7(B) = 0.4487 9038 (stat) = 0.032(syst) ps PRL 102, 092001 (2009)
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B*.—2>J/yu+v Cross section

o(BI)-BR(BI—J/y+u™+v) B JNBE" "
o(BT) BR(BT—J/Y+KT) ~ Nt rel

CDF Run Il Preliminary: ~1 b Need to mOdel B+, B+C . CDF Run Il Preliminary: ~1 i
NE “F N(B") = 2333+ 55 pT SpeCtra (¢ N% 30; ._-[B)a:\j e
= 400" N calculate relative G 25 ity 05
= | —Total Fi efficiency between s
c 3001 B K’ %
> — By decays £
w - >
o Backgrounds: -
100 Misidentified J/\|I 55
[ .. . o
o '55{;' | '53'\" 54 55 Ik\)/ll:;stl)derlltlﬂed TQUOHS st NB=117. 15'471-2?8‘,3—@-4.
| K Mass GV ackgroun 4 o 8 1o
Jhy+K* Mass (GeV/c”) " 2
other b hadrons Yy Mass (Gevie)
o(BY)-BR(Bf —J/¥+pt+v)
pr(B) value R = o(BT)-BR(BT—J/9+KT)
pr(B) > 4GeV/c O.295:|:0.040(stat)i'g:ggg(sys):|:0.036(pT spectrum)
pr(B) > 6 GeV/c | 0.227+0.033(stat) " 077(sys)10.014(pr spectrum)

L Gerberich http://www-cdf.fnal.gov/physics/new/bottom/090305.blessed-bc-sIXsec/
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B_ Lifetime Summary

H. Gerberich

CDF Run Il Preliminary: ~1 fb”

Averaged for World Average
Combined for CDF 1l JAy+l (1 fb'1)

World Average

CDF Run |, J/w+l
DO, J/w+u (1.35 b )
CDF Run II, J/w+e (1 fb7)

CDF Run II, JAw+u (1 fo)

CDF Run I, Jiw+l (1 fb™)

Average =137.7+11.0um

10 Sep 2009

200 550 300
B, ct (um)

Beauty 2009, Heidelberg University, Germany
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B*. Mass using B.2J/y &

» Cuts optimized for B*>J/yK* selection

» Backgrounds:
* Combinatorial
* Cabibbo-suppressed B* .21/ yK*

» 80 < ct<300um

» Signal of 108+15 B, candidates with
significance of 8c

First Observation in this mode

v
()

"TTTTTTTT PRL 100, 182002 (2008)
CDF, L=2.4 fb-? ]

N
[6))]

Entries/10 MeV/c?

o
T T T J1

6.00 6.10 6.20 6.30 6.40 6.50

Mass(J/yr) GeV/c?
M(B,)=6275.6+2.9(stat) +2.5(syst) MeV/c?

Events / (40 MeV/c?)

v vyyvyy

v

>

PRL 101, 012001 (2008)

40 -

35 D@, 1.3 b
30F }

25 |

20

15F

10

o TSRO .

6 62 64 6§ 68 7 172
M(upr) [GeV/c?]

All muon triggers considered
Rectangular cuts
Unbinned log likelihood fit

Signal of 5412 Candidates with
a significance of 5.2¢
M(B,)=6300+14(stat)*£5(syst)
MeV/c?

Primary systematic from selection
criteria — mostly © kinematic cut
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. 4
# #

Excited States
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Orbitally (L=1) Excited B® Mesons

Heavy-light quark meson is similar to the
hydrogen atom in understanding QED

Spin of b quark: j,=1/2

J4=1/2 states
Particle Decay
Name Mode(s)

By 0 Broad Resonance 1> S-wave decay
B, 1 Broad Resonance

J4=3/2 states
B, 1 | BiB™m, BB e | Re’:g::r‘]"ées
B, 2 B, >B*n -

B, >B"r  B*>BY D-wave decay

H. Gerberich

(y not reconstructed in B*>By decay)

10 Sep 2009 Beauty 2009, Heidelberg University, Germany
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Orbitally Excited (L=1) B® Mesons

Jq:3/2 states ZODiCDF, L: |' .7 fb—l e Data
Particle | J Decay 180 - | — Total Fit
Name Mode(s) - [ " BB
. 160~ [ — B)—>BTn
B, |1| B,>B*r,B*>B% ok A e B Br
N . = B 11 -- B,°-BK
82 2 BZ ->B*rn- % 120; { - Background
B, >B™*n~, B*>B*y g 100- foal oz |
-_5'5 E l.|| hlll I_‘ I».
> B >JyKH, JyDup o | "" s 0
* Dimuon trigger wh H
» B*>DO(3)r*, DO>K*r- |
* Two track Trigger of T s
» B* selection based on Neural Q= m(Br) - m(@) - m (MeV/c)

Network which combines topological, ,(BY) = 5725.3755 (stat.) T13 (syst.) MeV/c?

kinematic, and particle identification

» B** candidates are selected using m(B3°) = 5740.27 1§ (stat.) Tgg (syst.) MeV/c?

additional Neural Networks n 5 8 5 5 )
N(B3® — B*n—) = 385+48 (stat.) P(B3") = 22,7055 (stat.) D5, (syst.) MeV/c

AT =0 x4+ __—\ _ a1 +48 -
N(B3° — B*t7~) = 35174 (stat.) Most precise mass measurements of these states

N(BY — B*m) = 503155 (stat.) First measurement of B, width
PRL 102, 102003 (2009)
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Orbitally Excited (L=1) B° Mesons

Jq=3/2 states » B*is reconstructed in

Particle | J Decay the exclusive decay
Name Mode(s) B+>JyK*, JhyDup
B UL AR, B R » Backgrounds:
B, 2 B, >B'n o B*>J/ynt, B*>JyK*
B, >B™*n, B**>B"y * Combinatorial
b 7000F : e [ Le13f°
%6000 DO, L=1.3 fb" 2 2s0- u Jf Po.L=1.31
E . o L
Signal + Bgd 2 ook ,. er
000 2 M%#
‘%4000_ 5 10 ¥ Hﬁiﬁ%
— - B,— B’ ©
T 3000F- 7~ ° 1007 B, B
o 2000 é 3 N\ 82 —E
2 J/\|ITC+ 3 50
51000 o:....|......._.L /Q‘u Ml
=2 i | : “‘l"’*-:--o--._._....._._ 0.2 0.25 03 035 04 045 05 055 06 065 07
05/ 5.4 s.z’"5.3‘"5.4"'55‘"56"'5%' Q=M(B'r)-M(B") (GeV/c?)
B M(J/y K*) (GeV/c?) _ .
JIyK* M(B,) = 5720.6 = 2.4 = 1.4 MeV/c?

B, and B,  production rate is o ,
(13.9£1.9+£3.2)% the production M(B5) = 5746.8 = 2.4 = 1.7 MeV/c

rate of B* meson PRL 99, 172001 (2007)

H. Gerberich 10 Sep 2009 Beauty 2009, Heidelberg University, Germany 26



Orbitally (L=1) Excited B, Mesons

Spin of b quark: j,=1/2
Spin of s quark: j=1/2, 3/2

]s=1/2 states
Particle | J Decay
Name Mode(s)
B, 0 Broad Resonance [ o \\ove decay
B, 1 Broad Resonance «—
]s=3/2 states
By | 1 [ BopricBrany e || Narow
B, 2 * Bsf*%_qu ] D-wave decay
B, 2B“K-, B*>B"y

(y not reconstructed in B*>By decay)
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Orbitally Excited (L=1) B, Mesons

js=3/2 states

Particle | J Decay

Name Mode(s)

Bq1 1 B,,2>B*K~, B**>B"y

B, 2 B., >B*K-

B, ?B"K-, B**>B"y

40 B, >Bk L=1fb™

- B,,>B*K- ‘/7.75
0r

20

10

- Gy

| 1 1 | | 1 1 1
0 50
= m(B+K')-m(B+)-1VIK_ [MeV/c?]

Q

H. Gerberich

1 | | 1 | 1 | | 1 1 1
100 150 200

» B*is reconstructed in
* B*>JIyK*, Jly=2>uu
" Jhy trigger
* B*>D0x*, DO>K*p-
® Displaced vertex trigger

» B*and B, selection based on
Neural Network which combines
topological, kinematic, and particle
identification

m(Bg1) = 5829.440.7 MeV /2
m(BZ,) = 5839.6+0.7MeV /2

PRL 100, 082001 (2008)
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DD Orbitally (L=1) Excited B, Mesons

js=3/2 states To check for the presence of a B,
Particle | J Decay signal, fit AM with two mass
Name Mode(s) hy|::4oothe5|s
Bs1 B,,2>B*K-, B**>B"y ;E 1205_00, L=1.3 fb"
* % o =
Bsz 2 B, 2B’K ® 100
* - *+ + (7] -
B, >B“K~, B**>B%y 2 +H
» B*is reconstructed in s 6ol
o B*>JyK*, JyDup %’ w1 t 12525 B’ ,>B*K-
3 o0of A@ﬂo) decays
140} DO, L=1.3 fb” 020 20 60 80 100 120 140

—
N
o

Q= M(B*K) - M(B*) - M(K) (MeV/c?)
» Peak around Q=11.5%1.4(stat)
MeV/c? has statistical
significance less than 3c

M(B,) = 5839.6 + 1.1 £ 0.7 MeV/c*
B,,” production rate is (1.15£0.23+0.13)%

_ _ o "1 the production rate of B* meson
Q=M(B'K) - M(B") - M(K')  (MeV/c?) PRL 100, 082002 (2008)
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Summary

H. Gerberich

D0 and CDF have made lifetime measurements of the B,
A,, and B, particles

D0 and CDF have made measurements of the B. mass
DO and CDF have observed B and B, excited states

We aren’t done!
We have more data on the way

We are using more sophisticated techniques (hardware
and analysis) to squeeze out as much signal from the data
as we can

Look forward to new and improved results soon!

10 Sep 2009 Beauty 2009, Heidelberg University, Germany
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