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Tevatron: pp @ Vs = 1.96 TeV




Tevatron Performance

Integrated Luminosity 11053.55 (1/pb)

Peak Luminosity (1/microbarn/sec) Max: 414.0 Most Recent:
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Heavy Flavor Production at the Tevatron
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2> Huge bDb cross section x Background tracks
> Production of all heavy hadron ~ from fragmentation
species in fragmentation — High combinatorial
background

but BeII

¥ Inelastic cross section
~103 times larger
than o(bb)

— Trigger




CDF and DO Detectors
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= Muon Chamberd
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CDF DO
> Excellent mass resolution > Large tracking and
> Displaced track and muon coverage
di-muon triggers > Single + di-muon triggers
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B Baryon History
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Current Knowledge

— BOTTOM BARYONS
0 _ =0 _ = _ - _
f"l = udb, =p = usbh, =p = dsb, Qb =s5s5h
i(JP) not yet measured; 0(%_) is the quark model prediction.
Mass m = 5620.2 + 1.6 MeV
mp, — Mgo = 339.2 + 1.4 MeV
S +0.038 _12
Mean life 7 = (1.3917 1 137) x 1071 s
cr = 417 um
The branching fractions B(b-baryon — A{~ ¥yanything) and BM% -
Ac_ £~ Tyanything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons.”
For inclusive branching fractions, e.g., Ap — ﬁcany'thing, the values
usually are multiplicities, not branching fractions. They can be greater
than one.
p
Ag DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
J/p(15)Ax B(b — AD) (4.74+23)x 107> 1741
Afm~ ( 8.8+3.2) x 1073 2343
A7 21(1260)~ seen 2153
Aj’ {~Tpanything [v] (10.7£3.2) % -
N7y (50119 % 2345
ATata— £ 7 ( 5.6+3.1) % 2335
N(2595)F 7, { 6353 0 nein? 2211
Ac(2625) ¢~ Too 2196
— 1) h™ [w] < 2.3 x 10~2 90% 2730
pr— (3.8+1.3)x100 2730
pK— ( 6.0£1.9) x 100 2709
A~ Z 13 x 10—3 90% 2699

1Py = 1(34)
I, J, P need confirmation.

Mass m(X ) = 5807.8 + 2.7 MeV

=

Mass m(X ) = 5815.2 + 2.0 MeV
X, DECAY MODES Fraction (I';/T) p (MeV/c)
Agﬂ' dominant 128
Iy 14P) = 1(3+)
I, J. P need confirmation.
Mass m(X ;") = 5829.0 + 3.4 MeV
Mass m(X ;) = 5836.4 + 2.8 MeV
mzz’ —my, =21.2 £ 2.0 MeV
L_E DECAY MODES Fraction (I';/T) p (MeV/c)
ﬂ.gf.’ dominant 156
=0 = 10P) = 33
I, J. P need confirmation.
Mass m = 5790.5 + 2.7 MeV
Mean life 7 — = (1.56 + 0.26) x 10712 5
=b
Mean life 7=, = (1.497013) x 107125
P
=j, DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
= — Z 07 XxB(b— Zp)  (3.9+12)x107% 1.4 -
=, — J/v="xBb— =}) (8 +4 )x100 -
I Q, 1JPy = o(31)
1, J, P need confirmation.
Mass m = 6071 £ 40 MeV (S =6.2)
Mean life r = (1.1703) x 10712 s
12, DECAY MODES Fraction (I';/T) p (MeV/c)
J/h 2~ xB(b — 2) (2.4+1.2) x 109 1826



2, ) States
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> Charged states
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2, ) Status

e First observed by CDF
iIn 2007 with 1.1 fb?!
« Significance of each peak ~ 30
« Measurement of masses and
hyperfine splitting:
Mgt = 5807.8729 (stat.) & 1.7 (syst.) MeV /c?
My~ = 5815.2 + 1.0 (stat.) = 1.7 (syst.) MeV /¢?
m(3;) —m () = 21.2730 (stat.)” D'é (syst.) MeV /c?

Motivation for update:
> Confirm observation
> Improve mass measurements
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> Measure widths and isospin splitting

Q = m(A%r) - m(Ap) -

m, (MeV/c)




2, ) Trigger and Selection

 Trigger on a pair of
displaced tracks

(*)
zb

. Vertex fit (with mass constraint) for A, A, and

« Selection cuts on
= Decay time, impact parameter, momentum

> Optimized on S/V(S+B) of A_ signal




2, ) Data Sample
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S = .
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¥ ) Fit

- Fit of Q = M(A, ) - M(A,) - M(m)

Background:
« Second order polynomial times
« Square root function (for threshold)

Signal:
 Non-relativistic Breit-Wigner
- With variable width ' =T (p_/ p,,)’ (for p-wave decay)

« Convolved with double-Gaussian resolution function
determined from MC




2, " Mass Spectrum

L=6.0fb" CDF Run Il Preliminary
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S
o

W
-
T Q I

| | l |

| | | | | | | |
0 0.05

| | | | 1 | | | |
0.1 0.15 0.2
Q=m(A,°m) - m(A, %) - m_ (GeV/c?)

Significance:

= Comparison of
hypotheses for
different numbers
of peaks via Alog(L)

> Two vs. one: /.50
> One vs. none: 10.00

> TwO VS. none: 12.30




2, % Mass Spectrum
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2. Results

Talk by Igor Gorelov,
tomorrow
in Heavy Hadron session

« Systematics:

background model, fit bias, external input

momentum scale, resolution model,

State Q-value, Absolute Mass, Natural Width, Yield,
MeV/c? m, MeV/c? I, MeV/c?  num. of cands.
)y 520702 00 58112792 £ 1.7 9.2055 1Y 4687520 13
)y 56.2108 T007 58155708 +1.7 43731110 333703 +£35
ot 72707708 58320+ 0.7+ 1.8 104737495 7827113 722
- 5.7+ 0.6T00° 5835.0 £0.6+1.8 6472307 522737 + 99
? [sospin Mass Splitting, MeV/ c* \
_ | 5+1.1 +0.07 \

m(X7) - m(X) —4.2%55 0 ,

s Improved by 09-009 <4——_ Fjrst
m(X5F) - m(X57) factor =2 —3.0+0.9%7 13 measurements




A, - Jlw A

« Very little known about flavor physics processes
In b baryons

> For example b - s transitions are sensitive
to new physics

> /\b—>J/L|J/\

= CDF Run | measurement:

f(b = A,) BR(A, = J/y A) =
(4.7 £ 2.3 +0.2) x 105




N, = )/ A BR Measurement

 Trigger on muon pair or single muon %L’
_ Jhy s
. Vertex fit for A, and A, R , H
A _
« Cascade decays like 2 - Ay or ’ P
=% - Amn® suppressed by requiring
N\ vertex in A momentum direction n

 Selection cuts on L 4
- Momentum, impact par., decay length |

> Optimized on S/V(S5+B) with S :
from MC and B from sidebands B

> Normalized to B? — J/y K, with K. - m*m-




A - )y A Fit L | B3
= 1 N =314+ 29 D@, L=6.1 fb"
= |
© 150[
6.1 fb! 2 [
_ 0>J100_—
e Signal: wof
double Gaussian ' a)
» Backgrouna: | T ¥ B T
2" order polynomlal Invariant mass (A,) [GeV/c?]
o~ 1400
« Relative efficiency E‘z"“ N(EY) = 2335 + 73 DO, L=6.1 fb"
from MC
e £ =2.37 £ 0.05 (stat.)

III|IIIIII|III|III|III|III

484955152 53 5455 56 57 5.8
Invariant mass (B%) [GeV/c?]




A, = )/ A Result

fb=>A) B, = JIyN) Ny i BK] e:r*n‘).g
“ f(b—B°)-B(B* = J/wK’) Ny e BA— pr)
« Systematic uncertainties: Fit model (5.6%), relative

efficiency [B° decay model] (2.0%), cross-feed (2.3%),
N\, polarization (7.2%)

o

v Several cross-checks (sub-samples, data-MC comparisons)

orel = 0.34540.034 (stat.) ~Factor ~3
+0.033 (syst.) +£0.003 (PDG) ~ 'MpProvement
f(b— Ap)-B(Ap — J/PA) = Subm!tted to PRD-RC
T 6.01 + 0.60 (stat.) +0.58 (syst.) arxXiv:1105.0690

+0.28 (PDG)] x 1075 = (6.01 £ 0.88) x 1072




Charm Baryons

2.7 1 : .
(*) «
R « 2 Ui lsospin triplets
Q
= JP=1/2+: 3 (2455), JP=3/2+: 5 (2520)
@ [ ] [] [}
O - A A_orbital excitations
% JP=1/2-: A (2595), JF=3/2": A\ (2625)
2.9
A(2595)F — A+ MASS DIFFERENCE
VALUE (MeV) EVTS DOCUMENT 1D TECN COMMENT
308.94+0.6 OUR FIT Error includes scale factor of 1.1.
308.94+0.6 OUR AVERAGE Error includes scale factor of 1.1.

N 309.74+£0.94+0.4 19 ALBRECHT 97 ARG eTe™ =~ 10 GeV
309.24+0.74+0.3 14 £ 45 FRABETTI 96 E687 ~Be, fﬁr ~ 220 GeV
307.54+:0.44+1.0 112 £ 17 EDWARDS 95 CLE2 etTe =~ 10.5 GeV
e o o We do not use the following data for averages, fits, limits, etc. @ o @
305.64+0.3 L BLECHMAN 03 Threshold shift

2.3+ 1 BLECHMAN 03 finds that a more sophisticated treatment than a simple Breit-Wigner

for the proximity of the threshold of the dominant decay, X _(2455)7, lowers the
/\.C(2595)+ - /\.j mass difference by 2 or 3 MeV.




Charm Baryons Trigger and Selection

 Trigger on a pair of displaced tracks
> ~50% from b hadron decays

T (%)
C
. Selectionof A*»>pKmnt _..---" ¥ ‘;
with Neural Network (NN) N, '
"0 16000 5- 110000 — Data
% - B~ 1300000 — Fit Function
= 14000 F N i
S N - sgons | e [nput variables: |
810000 partlcle 1D, decay time,
S so00- decay angles, fit quality
§ 6000
4000 > NN training on data only
2000 using sPlot technique
O‘J|UL1|..-1"..|....|...

AT B
2.26 2.27 2.28 2.29 2.3 2.31
Mass(pK ) [GeV/c?]




Charm Baryons Data Sample

§ 16000 :_ = pbefore NN selection
g 14000 :_ o -_-"A after NN selection 5.2 fb!
0 - - -..
S 12000 |- —_ Viom,
§1oooo = e By 2 " candidates:
9 - Was
S 8000 . sttt > \_+onenmn
G |
§ 6000 — ’
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2000~ > A+ twom
o L Ll T T B
0 5206 227 228 229 23 231

Mass(pK ©t*) [GeV/c?]

> Z(}*’ and A selection with NN trained on data (sPlot)




Charm Baryon Spectra

N§ 2500 é_ & = before NN selection N§ 1400 L = pbefore NN selection
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N§ 4000 é— = before NN selection
Qo C 5 a after NN selection
= aso0p _ _
S so00f i Fit of mass difference
8 o + " o W"M"ﬂw
o 2500F J " ?
o = *) —_—
% 2000 - A o (2520)++ u ZC( ). AM = M(/\CT[) — M(/\c)
& 1500 . ?. C R i i
(@] ;: AA n“.' 'I B e R T * ] _

1000 = /\c : AM = M(/\CT[T[) — M(/\c)

500 2 (2455)++

|IIA||II|III|III
940 160 T80 500 220 240 260 280 500 520
Mass(pK * 7*)-Mass(pK *) [MeV/c]




| Y (2455)0
T ™ Fit —

Signal:

« nonrelativistic Breit-Wigner
convolved with triple
Gaussian resolution function

Background:

« Combinatorial:
2" order polynomial from

Mass(A! m)-Mass(AL) [MeV/c

] t

R
18

N\, sideband, Gaussian for $ 00F T
* . * = 1200 w R
D" reflection for 2 "° case 2 ooor s T gy
. ;Z.,- EH* ‘|h.-umf ‘“‘ﬁ Vw‘ ‘
. A, with random 1: 3 order pol. ~ § 7}
'cgu 600j
« N(2625) » A\ nn feed down: o oo
. . 200}
derived from A (2625) » Annyield . .
40 160 180 200 220 240 260 280 300 320

Mass(pK 7* 7')-Mass(pK ) [MeV/c?]
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Fit Projections

C
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2. Results

Hadron AM [MeV/ ? ]

[ [MeV/c* ]

S (2455)FF 167.44 +£0.04 £0.12
¥.(2455)% 16728 £0.03 +£0.12
¥.(2520)F 230.73 £ 0.56 £ 0.16

Y.(2520)° 232.88 £0.43 +0.16

2.34 £ 0.13 £ 0.45
1.65+£0.11 4+ 0.49
15.03 £2.12+ 1.36
1251 £ 1.82 4+ 1.37

 Systematic uncertainties: e
. . CLEO c
resolution model, mass scale, fit model N ]
E791 I | g CLEO (1997) Focus
T ' o : o : 2(2455)°
FOCUS Ee(2920) oo i
—— I ; CLEO (2005) cor
CLEO P ZC( ) . ‘1|5I.=.I. é i .2\5‘ e
CDE WA w/0 CDF ' I(= (2455)) [MeV/c?]
— o CDF —e—
E791 Y , CLEO (1997) SLEO U9
Focus_, | | v 252000 (220" SR CLEC (2006
: ° : ¢ CLEO (2005) CDF
0 'I_._|'. +——t
CLEO, , | X.(2455) : . ~ CLEO (1997)
CDF _m_ . CDF £(2520)° . cteooos)
e ters 168 B~ T T S — L. . . . coF
Mass(Z.(2455))-Mass(A}) [MeV/c?] Mass(Z.(2520))-Mass(A%) [MeV/c?] e

5 20 ‘
I(Z,(2520)) [MeV/c?]

> Masses and widths consistent with world averages




A Fit

—
o

Signal: 2 o A
. S gbE c

» Threshold effectin & °°

N'*F =20t taken = 4

into account by mass & st

dependent width =3
« Pion coupling 2t

constant h, e e i

0%.:1...|...|l..|.:l:l|...
296 298 300 302 304 306 308 310

Bac kg round: Mass(A,(2595)")-Mass(A?) [MeV/c?]

. Combinatorial: 2" order polynomial from A_sidebands
. A_with random pions: 2" order polynomial

« 2_with random pion:
threshold function according to 2_line shape




N (2625) Result

o 1000 —_ — Data : E687‘ i
% . — Fit Function h CLEO P "
= L AL(2595) s Al — .
o 800 " Ay(2625)" > AL ARGUS . o :
© [ N(A((2595)") ~ 3500
Q | N(A((2625)") =~ 6200 CDF _”_
§ 600—_ - | I34|10| T |34|I1| | ‘.|34|IZ‘ 343
5 - Mass(A,(2625)")-Mass(AL) [MeV/c?]
€ 400
§ + AM (MeV/c?) =
200 341.65 =+ 0.04 = 0.12
i « [ (MeV/c?)
0 < 0.97 @ 90% CL

2 o \ (PDG: < 1.9)

g~ of

- > Significantly

Mass(pKn* n*1)-Mass(pKn*) [MeV/c?] im P roved prec Ision




N (2595) Threshold Effect

1000

NQ —_ — Data
% | — Fit Function
S L - A(2595)T s A T T
v 800— A (2625)" > Al T
C)I L
S — [ ]
S cool Fit w/o
” [
¢ ' threshold
s r effect
S 400
@ -
o -
200~ [
i P e
|2
o

Mass(pKn* n*1)-Mass(pKn*) [MeV/c?]

> N\_line shape not

described by normal
Breit-Wigner

= |ncrease of x? from
227 to 286
(for ndf=206)

> Discrepancy only
observable because
of high statistics

« Additional systematic
uncertainty due to
2_parameters




N (2595) Result

e« AM = (305.79 £ 0.14 = 0.20) MeV/c?
. h,2=0.36 = 0.04 + 0.07 e

CLEO |
E687
ARGUS

- § CLEO

 ARGUS

| DF 5
+e+CDF : © S

—306 308 310 — 4 %
Mass(A,(2595)")-Mass(A}) [MeV/c?] (A (2595)") [MeV/c?]

> Significantly improved precision Submitted to PRD
> Predicted threshold effect confirmed arxXiv:1105.5995

> Leads to significantly smaller mass




1Py = 1(3+)
I, J, P need confirmation.

Mass m(XZ ) = 5807.8 + 2.7 MeV

=

Summary

Mass m(X,) = 5815.2 + 2.0 N

Fraction (I;/T)

Factor ~2
improvement

XL, DECAY MODES

dominant

BOTTOM BARYONS
(B=-1)

0,
M n

A9 = ud bf

Expected
b Improvements
1(JP) ot yet measus In PDG tables

mp, — Mpgo = 339.2 = L& VeV
i 0.038 _
Mean life 7 = (1.391 7 033) x 10712 s
cr =417 pm

The branching fractions B(b-baryon — A{~ Tyanything) and B(AO —

f'l; £~ Tpanything) are not pure measurements because the underlying

Mass m(X ;") = 5820.0 + 3.4
Mass m(X ") = 5836.4 + 2.
my, = 21.2 + 2.0 M

My —
Zb

First measurement
of width and
isospin splitting

Ac(2595)+ — A MASS DIFFERENCE

measured p re used to determine

B(b— b- Factor ~3 iction and Decay of VALUE (MeV) Evis | MMENT

b-Flavored | . 308.9+0.6 Factor ~3

For inclusiv I m p rove m e n inything, the walues 308. | m p rove m e nt

usually are multiplicities, not branc They can be greater 309.7+0.9 e = 10 GeV

than one. 309.2+0.7+0.3 FRABETTI 96 E687 ~Be, Eﬁ,_ =~ 220 GeV

307.5+0.4+1.0 11 . e™ ~ 10.5 GeV
P
Ag DECAY MODES Fraction\ }/T) Confidence level (MeV/c) ¢ ¢ o We do not use the follow MaSS Sh Ift by o
J/$(1S)Ax B(b — A2) ( 4.7423) x 105 1741 30‘;"6i0'3 threshold effect |shold shift
At 8.813.2) x 103 2343 BLECHMAN 03 finds that a | - imple Breit-Wigner
Aig (1260)~ ( ) 5153 for the proximity of the threshold of the dominant decay, ¥ _(2455)7, lowers the
-9 seen n + . .

/li' {~ Tpanything [v] (10.74£3.2) % Ac(2595)T — Ac mas F| I‘St d | reCt

h, measurement
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