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| 1 — QOutline '

Introduction: Heavy Baryons with HQET.
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Principle of an Analysis.
b-Physics at Tevatron with CDF Il detector.

CDF Il Triggers and Datasets involved.
Ag base signal.
Reconstruction of 2, Candidates - Blind.
Opened Box.
Fits.
Systematics.

Significance.

Summary.
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Multiplets of Heavy Baryons

| 2 — Multiplets of Heavy Baryons '

Bottom Baryon States with B=1,C=0,J° = 1/2*, 3/2*

Notation C%ﬂ?éﬁt JP SU(3) (1,15) S B Mass
AL b[ud] 1/2* 3* (0,0) 0 1| 5619.7+1.2+1.2 MeV
5,0 b[su] 1/2* 3* (1/2,1/2) Al 1 5.80 GeV
B, b[sd] 1/2* 3* (1/2,-1/2) A 1 5.80 GeV
5" buu 172+ 6 (1.1) 1 5.82 GeV
M b{ud} 1/2+ 6 (1,0) 1 5.82 GeV
3, bdd 1/2* 6 (1,-1) 0 1 5.82 GeV
5,0 b{su} 1/2+ 6 (1/2,1/2) 1| 1 5.94 GeV
2 b{sd} 1/2* 6 (1/2,-1/2) -1 1 5.94 GeV
0,0 bss 1/2+ 6 (0,0) 2 1 6.04 GeV
T buu 3/2* 6 (1,1) 1 5.84 GeV
R bud 3/2* 6 (1,0) 1 5.84 GeV
M bdd 3/2+ 6 (1,-1) o 1 5.84 GeV
5,*0 bus 3/2* 6 (1/2,1/2) Al 1 5.94 GeV
B bds 3/2* 6 (1/2,-1/2) -1 1 5.94 GeV
Q. bss 3/2* 6 (0,0) 2 1 6.06 GeV

Mass predictions from hep-ph/9406359
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Multiplets of Heavy Baryons

= Motivation for an Experimental Search on XJy,.
o Wealth of experimental data on

+

B-mesons from e e~ and hadron None of X}, states have been

beams. established so far.

® Yet only one bottom baryon, the /10, Excellent track resolution of CDF

has been directly observed: tracker ...
o AD — JpA°

o AY — Alm™ Si-Detector SVXII ...

Precise vertex reconstruction by

o A = Afuw,

Provide fine mass resolution.
e World’s largest data sample of bottom e Make possible to observe

baryons at CDF... El(o*)i — A7
» ~ 3000, A — Aln™
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Spectroscopy with QCD

| 3 — Spectroscopy with QCD '

— H.Q.E.T. Phenomenology:

= Heavy Q - Light (q1 q2)
QCD simplifies substantially in a |

Qq,q, System: Orbital Angular Momenta.

presence of a heavy quark Q, i.e.

mq > AqQcp > mg, where
Aqcp ~ 400 MeV, typical scale

of strong interaction’s. ‘
mq ~ 4.8GeV, Q = b. Q ‘

heavy quark spin decouples from light

guark degrees of freedoms.

L is orbital momentum of light q1qs2

w.r.t. heavy Q. ]
= Jaq = Saq T Liqq

lk is internal, relative orbital J - .
= JQaq = 5Q T Jaq

momentum of light q1 q2 system.
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Spectroscopy with QCD

— Low Lying Bottom Baryons

= Theoretical Expectations: O 10 =1
L .
N —
3L property MeV/c? ) b m: :1/25 1
m(Zp) — m(AD) | 180 — 210 1
0! 0O
m(zik)) — m(Eb) 10 — 40 T[ n Pion Transitions
— Q0
mE)-m(Z) | 5-7 Fa
1A — 3
m(A2), fixed 5619.7 Jrowz 2
L 7wy
from CDF II +1.24+1.2 o pvave
(), () ~ 8, ~ 15 A, SOUZ
see next slide... |

A; — AT 7™, weak decay.
Eb*)i — Agﬂ'i , Strong decay.

A;;O — Ag7r+7r_ , strong decay.
phase space allowing...

—> Potential models
= 1/N, expansions
—> Lattice QCD calc.

G433
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Natural Width of E](D*)i Baryons

l 4 — Natural Width of 2](3*)i Baryons l

—> Natural width I' of 2. and 2/}, baryons

| .
= Important to understand a —> as a function of the decay (-value

structure of the exp. signal. N Q _ M(Eb) B M(Ag) B M(ﬂ')

Dominated by single P-wave pion

transitions. Ng .
@) - i
= iy

1 Ma 0 3> | :
fr = ga/fx; Jr = ;

92 MeV;ga = 0.75; i

OT...i....|....|....|....|....|....|....iA

Excellent agreement with 3040 i/‘l’(/\ ?f)).M(/\?O)-M(ig [",\‘/)lewi?]o

Tepa(TS)).

PDG ) . Using fitted g o and Mcpr1r(AY):
Fitto 'ppa (e ' ): I'X¥p) ~8 MeV/c2 and
ga =0.75£0.05 I‘(EE) ~ 15 MGV/C2
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Principle of the Analysis

| 5 — Principle of the Analysis .

Reconstruct /18 baryon —> Topology of X, event

candidates:
A — Afn™
AT - pK 7t

Candidates: X, — Abwz

W%b, soft track from Prim. Vix.

To remove the mass resolution

of each /12 candidate search for

narrow signatures in
Q= M(Abﬂz ) — M(Ag)
— Mppc (7F)

Blind signal region.

— Use bgr. from S.B. for cut optim.

— Use signal from PYTHIA for cut optim
The S.B. represent 3y, bgr. = Fix cuts and unblind ...
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CDF Il Detector at Tevatron

6 — CDF Il Detector at Tevatron

((—

CENTRAL DRIFT CHAMBER

ELECTROMAGNET I C
CALORIMETER

EM SHOWER
MAXTMUM CHAMBER

HADRON IC CALORIMETER

MUON DRIFT CHAMBERS

STEEL SHIELDING

MUON SCINTILLATOR
COUNTER

fselusiys}
o=zrz
x3co
o
mﬂﬁo

ISL (3 LAYERS)

SVX 11 (3 BARRELS)

INTERACT ION POINT (BO)

\\\\fSOLENO\D ColL

PRESHOWER DETECTOR

END =
PLUG
PMT

BOX o

N

SHOWERMAX DETECTOR

EL - 706 FT.

—> Critical for present results: COT (central tracker), SVX Il (Si) vertex detector
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b- Physics Triggers in CDF I

| 7 — b- Physics Triggers in CDF I '

s

Enormous inelastic total cross-

section of oi2¢! ~ 60 mb at

Tevatron. BC
{;Ekxil

ob ~ 20 ub (|n| < 1.0), PN

@1.96 TeV et

0 -
Selective three-level trigger. B — D1t

Trigger on Hadron Modes . P> 2 Gevic: X <
F0oy =47 um
Exploit “long” c7(b-hadrons) -

Trigger on > 2 tracks with large dp.

Present XJp, analysis, base mode:
AD — Ai’ﬁg A - pK o,

(p, ™y, ) are in trigger.

P R |
400 600
SVT d,, (um)
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A?} candidates and Signal

| 8 — AP Candidates and Signal l

— Reconstruction of

candidates in Modes: = The Ay invariant Mass Plot
Ag N A+7Tl: CDF Il Preliminary, L = 1.1 fb*
C ! N [—
A;" — pK_7T+ %1400:_ ” — Ay = A, P, A — =, T, Comb. Bkgnd.
= . --== A\, semileptonic + other
_ —1=1200 b p
‘C’ T 1070 j: 60 pb 8 B b — B semileptonic + other
) @ 1000 d -track d
The yield of ~ 2800 = [ _f’ anABK4 ack decays
e [ b 7\
candidates... ks SOt
in the signal region -g 600 ;T__ ,
0 ] L Tl
M(Ap) € O Lok
[5.565, 5.670] GeV 200

World largest

AY sample.
Right side band -

6.5 7
m(A; 1) GeV/c?

comb. bagr. — Unbinned max. Neg.Log.Likelihood fit,

Left side band - => projection
reflections.
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b Candidates: Blind Analysis

| 9 — )}, Candidates: Blind Analysis '

—> Reconstruction of Candidates

= 3, X + chrg. conj.

S s chrg conj.

= dp — AbWz + chrg. conj.
Based on a collection of

reconstructed Ab cands:
”AOH[(HAQJ/) 7Tb_] c
(5.565, 5.670) GeV/c?

1/
Couple " A" with direct soft 7w,

with very loose quality regs.

[("AR ) vxrit s, | VxFit,
NO M (AY) constraint,
Prob(x3p) > 0.1%

Q= M(Abﬁz ) — M(A10)>
— Mppc(n¥)

Blind signal region:

Q < (30,100) MeV/c?

R.S.B..Q € (100, 500) MeV/c?
L.S.B.Q € (0,30) MeV/c?
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3 b Candidates: Blind Analysis

The cuts to be applied and
optimized while signal is
blinded:

pr(2p) > cut;
Significance of an impact — Optimized cuts

parameter: ’dO/O'dO | (Wzb) Variable Cut value

Polar angle of the soft pion in pr(Xp) > 9.5 GeV/c
a “3" -rest frame:

do/oa,|(7x,) | < 3.0

cos 0* (s, ) > —0.35
= Only cos 0* (7 x;, ) has substantial

cos0* (rx,) =
Py, - Br/(IPsy| - D7)
Optimize cuts maximizing

e(s)/\/@ => rejection power.

Signal is taken from PYTHIA

Background is taken from side

bands of Q(X)
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b Candidates: Blind Analysis

CDE Il Preliminary, L =1.1fb"

o F —Total Bk
= The sources of background: S A% Ha + UE Bkg
- O B - —B Ha + UE Bkg
é before Unb“ndlng... 2 30:_ zb ——Combinatorial Bkd
Lo -
A hadronization s sk
Using PYTHIA, analyze (A} o of /’"M M’Iﬂl’m.l‘ IEEI
Q = I I
+soft random trk.). T 15 il ~IIJ S
) g V ill:l’llllln;,xgill!;m
Dominating source. o oy ﬁ
S 5B ;
B meson hadronization: faked © s ——————
=2 —Total Bk
A +soft random trk; use data. asf A Ha-+ UE Bikg
20 : Z; —B Ha+ UE Bkg
comb. background underneath o S —-Combinatorial Bkd
: 3 ||
the A} peak; use A} right »oF / m""lllllrll'““ I
v 7 ' 'f‘ N %
s.b.[5.8,7.0] 151 } 2 "-'lllln.. I
10 % } o 'n'ﬁ]. h
5-track background from B or 5 ;
[
B ; decays; use MC; negligible. Qo Tz 03 04 05

Q = m(A%M - m(A,) - m, (GeVic?)
= AY hadr.: normalized to N (A)"™"")
— SMOOTH BGR. SHAPE in signal area!

Fit all three sources with the

same functional form.

GHP 2006, October 22 - 24, 2006, Nashville, Tennessee I. Gorelov, First Observation of Bottom Baryon Eb Page 14



Y’ Candidates: Unblinded

| 10 — 32}, Candidates: Unblinded '

CDE Il Preliminary, L = 1.1 fb"

—> Upon unblinding the signal

Ng B —Total Bkg
> " 0 Ha +
= in Q € (30,100) McV/c? 2 % % v
=> count number of evts: § 405_ H% + + + — Combinatorial Bkg
Q -
Statistics A~ | Ant o " ! aehy
T 20f l’l’llﬂmﬂlﬂl]r jll! nt. ( I
S + B 416 406 g :‘ ; l‘ ||llN|.h-i|.| :_;4
S 10[f N
B 268 298 S | | ¢
S 148 | 108 - s
S/VS+B | 7.3 5.4 of 112 B Ha+ UEBkg
: : N ——Combinatorial Bkg
= The fit of the background 30:_ +
- - 2of ¥ "!ln' IIIMI'_I']H....’ || IIII ll
= predicts B at signal area. i,”' {} TRE e NAEE
10H B Rty
—> There is an excess in both ; ’ Yy
0 o1 0z o3 02 o5

spectra... Q = m(A%rj - m(/\g)' m, (GeV/cZ).
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Fit of 2 Spectra

| 11 — Fit of 22}, Spectra '

Natural widths are constrained

being fit
o by HQET formula I‘(Q;ggi ).
Signals: 2 peaks 2/, , 2, and 2 b
Seven parameters floating:
peaks 2,1, 3F T P J

. | QE;). Q=)
ignal terms:

) — 1),
G1,2 &) BW(Q? szvo-zb?:[‘z}b) + Q( b.) Q( b)
constrained to be the same for
Gi12® BW(Q; Qz* 02* 7F2*)

The shape and normalization of a

—> Fit Description:

both charged cands.

Number of events: N(E(*)i)
background is frozen.

Perform a simultaneous

Resolutions (narrow and wide : L :
( 1.9 unbinned negative likelihood fit
components) o_ ., (from CDF : .
= using full statistics of both

MC sim.) spectra.
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Fit of 2 Spectra

= — In(Lh) Fit Results:

CDE Il Preliminary, L = 1.1 fb"

Fit Prob. =81%

N
o F ;
Parameter Value=4 (stat) S _f — Tol At
% S0 5 — Background
+ 2 +2.02 n b — = oA
Q(X,) MeV/c 48.475 59 10 a0 e o
— B ] b Y%
— 2 +0.99 o [
Q(X, ) MeV/c 55.910 959 S ol + + +
. +2.03 o F g N
[Q(Eb) 21'3—194 _‘g 20_ % F. l'l\ N :!l‘illlil
= A f ‘ e, LA, Y
_Q<2b)] 1\/[6\/'/62 -c'éu 10F % 'l ; N ‘i"::‘
+ +12.4 O i
2/, events 297176
— Total Fit
— 14.8 50
Eb events 601—13.8 — Background
40 — 5 - AT
25T events 747152 — 5 . Ao
30
. +18.2
2/, events 4720 i y
—> Errors come from MINOS. ; y e .‘ »
- - 10 p 1" s I N
:>Z;“ yield is weak = 1 ! ; atblt ¥
X ¥ B Y R— Y

=N Q(E;') has large correlation
with AQ)

Q = mA%) - m(AY) - m; (GeVic?)
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3b: Systematics

| 12 — Xy,: Systematics '

—> Contributions to Systematics

— Assumptions of the Fit cont-d ...

Tracking, due to the calibration Use another functional form of the

Check out M(D**) — M(D®) background PDF.

A M(data) — 2A M(MC), Extreme reweighting of pr (track)
~ 0.06 MeV/c in PYTHIA.

Assumptions of the Fit.
Mass measurements: (syst) uncer-
The predicted width fitted to X'

tainties are much smaller than (stat)
PDG, ga = 0.7540.05

ones.

. 1,2
Uncertainty of resolution o ',
N Signal yields: (syst) errors are com-

(from CDF MC sim.) parable with the (stat) ones.

Uncertainty of the weights of the o _

0 The largest contribution to a yield
Ay background components. _
(syst) comes from the track reweight-

L 0
Normalization of the /A, ing in PYTHIA.

hadronization background.
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3 b: Significance of the Signals

| 13 — Xy, Significance of the Signals .

In total a very significant signal:

Naive estimation with S/+/S + B gives ~ 9o

Prove the strength of 4-peak E](D*)i hypothesis using Likelihood
Ratio LR :

Lno peak fit

LR =
L4 peak fit
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2’b: Significance of the Signals

Hypothesis | A(—InL) | 1/LR
Null 44.7 2.6e19
2 peaks 14.3 1.6e6
No X~ Pk. 10.4 3.3e4
No 3.7 Pk. 1.1 3

No X7~ Pk. 10.1 2.4e4
No X7 Pk. 9.8 1.8e4

Candidates per 5 MeV/c’

= Itis 2.6 - 102 more likely
= that it is a 4-peak E,(O*)i
— than that it is a background

fluctuation!

CDE Il Preliminary, L =1.1fb"

Fit Prob. = 0.003%

- — Total Fit
50 |- o

N Zb — N, Ha + UE Background
40
30 + + + +
20|
10f ; ﬁ

L —_—
50:_ — Total Fit

F > — AP Ha + UE Background
af- + b
30 p

W Pk +

- I Wy
20f $ 88 u"""!un!:;!l! I

i"’i y e h(.lli#ii‘;:‘l; e Lo \
10 Hf ; ;ﬁ"“«ﬁ!l"‘;

....I....I....I....I....;i
) 0.1 0.2 0.3 0.4 0.5

Q = m(A%M) - m(Ap) - m; (GeVic?)

— Fit with Null Hypothesis.
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Summary

| 14 — Summary '

The lowest lying charged Agwi resonant states are observed in 1 fo ! of data
collected by the CDF detector.

~ 240 evts in total.
These are consistent with the lowest lying charged Eb(*)i baryons.

The Q values of 33, and 3" and the 3; — Xp mass difference, are

measured to be:
M(Z,) — M(Ap)
M(Z]) — M(AR)

(syst) MeV/c?
(syst) MeV/c?

— M(r) = 55.9710(stat) + 0.
— M(m) = 48.4135 3 (stat) & 0.
M(S;) - M(S5) = M(S;H) - M(S5) =

= 21.372:3(stat) T2 2 (syst) MeV/c?

1
1

THE END OF THE TALK.
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Backup Slides...

| 15 — Backup Slides... .
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Backup Slides...

N /%, States

= Jaq = Sqq + Lqq

. ~ 3.0¢
= JQaqa = 8Q * Jaq Q i g 02
S i — %g 10 1/2 312
Ground states, Ly,q = 0 Q29  2ovr e
. (D i ) N 2012 3/
Total gg momentum 744! [ 1200172 " o
1+ o1t gt g1t 2.8 312
b) 5 D i 10 1/2°
0" @L1" =17 Aq-like 27k
states 1012 gy
2.6 12
+ o 1T 1+ 37T i
1I"®3 —3 O3, Xa i +
like states. 2.5k o
i 1Ioi/2 .
mg — o0 : (Xq,2q) : v
degenerates, but... i,
mg is finite: splitting due to 23l oo .
h —_—1/2
SQ - Sqq interaction. [
I=1: (Eg)_, 28)+) isospin 2.2 |
Lo /\C’ C[qq]antisymm ZC’ C{qq}symm
splitting.
qu — 1, orbital qq excitations add —> The picture is based on

more higher lying states due to s - L L. A. Copley et al.,Phys. Rev. D 20,768(1979)
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Backup Slides...

—> Reconstruction of Candidates

AP — Afmy, AL — pK 7t
£ =1070 + 60pb~ ! with Two
displaced Track Trigger

The trigger conditions are

confirmed for any 2 out of 4 tracks
(pK 7", 1)

3-d Vertex Fit for

"AT" (pK ) constrained to
Mppa(AL)

3-d Vertex Fit for ” AY" (AT 7,)

L, and do are decay path and

.P. of A} vertex.

cT = Lgy - (M/pT)Ag

Optimize cuts to get max. of

S/\/ (S + B)

pr(AT)
Prob(ng; Ag)

> 2GeV/c
> 2GeV/c
> pr(r™")
> 0.5 GeV/c
> 0.5 GeV/c
> 250 pm

> 10

< 80 um

> —70 pm
< 200 pm

< 16 MeV/c?
> 6.0 GeV/c

> 4.5 GeV/c
> 0.1%
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Backup Slides...

— The systematics is summarized in a table below:

Parameter Track. Ag Comp. Ag Nrm. Ag Shp. Rewght. Reso. 27 Width Total
Q(Zj) 0.06 0.03 0.013 0.013 0.0 0.0 0.01 0.07
MeV/ c? -0.06 0.0 -0.013 0.0 -0.11 -0.014 -0.02 -0.13
Q(X,) 0.06 0.0 0.009 0.0 0.04 0.0 0.009 0.07
MeV/c? -0.06 -0.03 -0.002 -0.011 -0.0004 | -0.011 -0.005 -0.07
Q(X}) 0.06 0.05 0.14 0.04 0.32 0.02 0.07 0.37
-Q(X%) -0.06 0.0 -0.13 0.0 0.0 0.0 -0.07 -0.16
. evts 0.0 3.3 2.1 1.2 2.3 0.3 1.8 5.0
0.0 0.0 2.1 0.0 -1.8 0.0 -2.0 3.4
X euts 0.0 0.7 2.2 0.3 7.4 0.3 3.4 8.5
0.0 0.0 2.2 0.0 0.0 0.0 3.4 -4.0
5 evts 0.0 7.3 4.8 2.8 4.6 0.2 0.8 10.3
0.0 0.0 -4.8 0.0 2.9 0.0 -0.8 5.7
X7 evts 0.0 0.4 4.8 0.3 14.7 0.1 1.7 15.6
0.0 0.0 4.7 0.0 0.0 0.0 1.7 -5.0

— Track pr reweighting is largest for yields...

— While total systematics for mass measurements is small.
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