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"
Heavy Flavor Physics at CDF...

Lifetimes: e ' =¥ New Particles:
AT, A, B, B, [ - X(3872), 5,%,...

" B and D:
{ Branching ratios
and A

Masses:
B., A, B

S,---

Rare Decay Searches:
B, -~ W,
DO - p*us,...




" A
Outline

m Tevatron performance
m CDF detector and heavy flavor triggers

m Focus on new results:
First observation of z,(")* baryons

B - hth' results

s Three new charmless decays
» Measurement of branching ratios and A,

Not covered in this talk:

m Many recent results!
Not enough time to mention all
See A. Rahaman’s talk for B, mixing
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L,
Tevatron Performance L' 3

FERMILAB'S ACCELERATOR CHAIN

m Collide pp at Vs = 1.96 TeV

m Record peak luminosity —— *\“m*“
2.52x1032 sec! cm™2 Rk M)

s CDF II collected ~ 1.8 fb-1
out of > 2 fb-1 delivered

MAIN INJECTOR

b TARGET HALL

~_CAEHT ANTIPROTON
o MR =< SOURCE
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A N BODSTER
LINAC
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S ool
gursol ' m Current analyses use
i | about 1 fb-l of data
J12s0f :
1000} 1 m Analyses with more data
- 7o i in the works

250( "lowpe; m Expect ~8 fb-! by 2009
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"
CDF II Detector

Central Calorimeier [EH]
i

CDF Tracking System

I'. 'I i ol I||JI1I:

[ | Central Duter Trackes
Sllicon Veries, Detecion
InteErmediage Silicon

m SVXII - 5 layers of double-sided silicon
~1 Trigger on displaced tracks

m Particle ID
1 dE/dx in COT and Time of Flight detector
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" A
Heavy Flavor Physics at a pp collider
Advantages:
Huge b cross-section (~100 mb total)
Produce all b species
« B+, BY, B,, B, B**, B,**, A\,, Z,...
Disadvantages:

“messy” environment
= Multiple interactions, pp debris

Only 1 bb per ~1000 soft QCD collisions
Low acceptance for opposite side H-hadron

— Live and die by the trigger!
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" A
B Physics Triggers

Di-muon
J/W -y

B - HU
Two muons with:

pr(1) > 1.5 GeV/c

| J/y Mass Silicon Selection |
x10° CDF Preliminary [ L~ 260 pb”

120[ = s
[ -t NJIWQZX‘IU

* o=14 MeV
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295 3 3.05 3.1 315 3.2 3.25

Jiy Mass (GeVIcz)

Thu Aug § 20:26:38 2004

Used in ¥, and
B —» hh analyses!

One displaced track + J{
lepton (e, W) _
B - fuX Two displaced tracks
Lepton: B —» hh |
p+(f) > 4.0 GeV/c Two tracks with:
Track: pr > 2.0 GeV/c
pr > 2.0 GeV/c, 2pr > 5.5 GeV/c
dy > 120 pm d, > 100 pm
CDF Aun Il Preliminary 355 pb « 2200 CDF Run Il Preliminary L=~ 355pb’
© 1600 . L { ‘combinatorics
> 80 - IvO, (D, »0x) } .rD > 2000 - oomeinatone 0.
% 1400 NETL) = 4308 + 84 'O % 1800 Efgy_slc;;?rgir;uunﬁ N(B’)= 8122 + 116
1200 ™ 1600 MB° > DK
z 8 1400 .’E:b degays
Emm Eoq200p
E 800 5 1000 M
| = s r
W 600 & 800f
E 600k
400} =z S
5 VY 400
e —— 200
0 0

1.85 1.90 1.95 2.00

mass(KKr) {GEV-"E?}




Observation of

>,.(") Baryons




2, Motivation
e A m /\, only established 6 baryon
S ei- s Enough statistics at Tevatron to
M 6ol probe other heavy baryons
@ 5ol b \wave m Next accessible baryons:
S oL || || s B =327()
5.7|- %wave 2y {qq}, g = u,d, J<= So+ Sy
= 1/2* (%,)
>9T A, - type s - type HQET extensively tested for Qg
Y}, property Expected values (MeV/c?) Syste_m_s; interesting to check
m(3;) - m(AY) 180 — 210 predictions for Qgg systems
m(3}) - m(%p) 10 — 40 Baryon spectroscopy also tests
m(X; ) - m(X;) 5-7 Lattice QCD and potential quark
I'(%y), (%)) ~8, ~15 models 9




" J
Reconstructing 2,

m With 1.1 fb-1, world’s oy, 1600

2 m— Total Fit
|argeSt Sample Of /\b: E1qnu:_ ﬁ ------- Partially-reconstructed A,
~ - Y | Fully-reconstructed B
3 O O O ] § 1200 :_ Partially-reconstructed B
m Use two displaced tracks 210 Fake A,
trigger to reconstruct:  § el v Dt
ﬁ}: — ﬂ:ﬂ - 2
. -+ — \, Mass Plot
!‘ij_ _} pK ﬂ ~ b
2

53 54 55 56 57 58 59

[+ =)

m{/f: ) %LWGV

m > decays at primary vertex

- ® Combine A, with a prompt
track to make a %, candidate
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2, Search Methodology

m Separate Z,- and X, *:

m >, backgrounds:

v A o At (4 ¢.c)) Ny Hadroniza’_cion + Underlying
' Event — Dominant!
ST o At — Afrat (+ C.C.) B Meson Hadronization
m Search for resonances in Combinatorial Bkg

mass difference:

m Fix background

Q = m(A,m) - m(A,) - m,  contributions from data or
Use reconstructed A, mass PYTHIA Monte Carlo

- remove A\, mass
systematic error

m Unbiased optimization
Optimize Z, cuts with %,
signal region blinded:
30 < Q< 100 MeV/c?

WIN 07, Kolkata

A} Signal Region Composition
Ay € [5.565,5.670] GeV/c?

N (:{\‘LEJ SGE%]
N(B) 9%
Comb. Bkg. 5%
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] CDF Il Preliminary, L = 1.1 fb'1 Fit Prob. = 76%
B — Total Fit
Zb Observation -3 T e

— 5 o> Al
m Signals consistent with lowest
lying charged %, states at > 50
significance level

m With unbinned likelihood fit,
measure events

Candidates per 5 MeV/c

— Total Fit

\‘J(z_;b ) — GU { ié% (C}tﬂ.t) l% — %aikjg\éz:md
N(Zy) = 297177 (stat) j;l T_HZ %TM
\I(f_.h ) = 741187 (stat) *1 il ﬂ I
\J(f_ﬂh ) = T4+“}£ ("Jtdt) __I_ 1L
R R Y- B T/ R X T-S—
m And mass difference values: Q =m(A%) - m(A) - m, (GeV/cY)

m(2; ) - m(Af)) - m,; = 55.9719 (stat) £0.1 (syst) MeV/c?
m(¥;) - m(AD) - m, = 48.4739 (Stat) +0.1 (syst) MeV/c?
m(3}) - m(3,) = 21.373) (Sta,t) 03 (syst) MeV /¢?




B - h*th"

Measurement




" A
B - hth’™ Motivation

m Why study charmless B decays?

Study direct CP violation (DCPV) in the B? system

m Large effect (~10%) established; why is it not compatible with
the B* system? [Gronau and Rosner, Phys.Rev. D71 (2005) 074019]

Sensitive to new physics

s Comparing rates and asymmetries of B® - K+t and B_Y - K-1t*
uses only SM assumptions [Lipkin, Phys.Lett. B621 (2005) 126]

BR(B? » 1t1t) and BR(B.° - K'K*) may provide info on CKM
angle y by comparing to theoretically allowed regions
[Fleischer, Matias, PRD66 (2002) 054009]

Comparing rates of B, - K'-K* and B° - K*1r may shed light on
the size of SU(3) symm breaking [Descotes-Genon et al, PRL97
(2006) 061801][Khodjamirian et al, PRD68 (2003) 114007]

m Primary analysis goals:
Measure A (B? - K+1T)
Measure BR(B.? - K-11")

J. Pursley - JHU 14



CDF Run Il Preliminary Lmt=1 fb

Candidates per 20 MeV/c®
2
3
|

Loose cuts

Combinatarial
background

5.1 5.2

111 ‘ 11 | 111 | 111 1111
3 54 55 56 57 58
Invariant rn-mass [GeV/c?]

Candidates per 20 MeV/c®

Offline trigger confirmation - visible B
peak of ~14500 events, S/B ~ 0.2 = 1 s000f
Optimize cuts by minimizing statistical
error on observable to be measured

Loose selection to measure Aqp(B? - K*TT) B ool
and other large yield modes

Tight selection to measure BR(B.? - K-1t*)
and other rare modes

y - —h
] [=1]
[=] g [=]
o o o

T T

iy
[=]
o
o

T

00}

200}

(&

CDF Run Il Preliminary Lmt=1 fb

“b 220000
> 2
2 20000

Niso00F e
3-1 4000[
% N

12000F
© -
B 10000[

6000 \
4000F

2000
0

B - hth’- Reconstruction

CDF Run Il Preliminary Lmt=1 fb

[ I | - I 11 1 I L1 ‘ | | L1 I Ll I 11 1 | L1l | L1l ||
46 48 5 52 54 56 58 6 62 64
Invariant tn-mass [GeV/c?]

800f

600f

Tight cuts

Simple 1-dim
binned mass fit,

~ excludes region of
/ rare modes
Vs

Bl B o

Il\ll\ L1 [ | s Bl
51 52 53 54 55 5656 57 538 15

Invariant rtn-mass [GeV/c?]



" A
Signal Extraction

CDF Run Il Monte Carlo

m Modes will overlap

3001

Despite excellent mass 5 We° - K
resolution (~22 MeV/c?) 250} Ezg:::

= Particle ID (PID) insufficient - ook
for event-by-event N 08’ - kK

] 1501 OA; - pK
separation ' DAL - pr

1001

— Fit of composition:
m Likelihood which combines

50

information from %5352 53 54 55 56 57 b
. 2
Kinematics (mass and Invariant tr mass[GeV/c“]
momenta)

Monte Carlo simulation
of reconstructed mtm
invariant mass

PID (dE/dx)

WIN 07, Kolkata J. Pursley - JHU 16



Peak Composition Handles

m Kinematics

Exploit the small kinematic differences
between the modes

= (1- p,/p,)-q, is the signed klnematlc

|mbalance
= P, , are the 3D track momenta (p; < p,)

= g, is the sign of the charge of track with
3D momentum p,

Two other kinematic variables are M__
(invariant mrtmass) and p.,, = p; + P>

These 3 variables carry all kinematic
information about the 2-body decay

m dE/dx

1.40 K/t separation at p > 2.0 GeV/c
after calibration on D*

WIN 07, Kolkata
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Frequency per 0.2 ns

Invarla

nr-mass [GeV/c?]
(4]
(3]

5.4

o
Nu-n
g W

515

: — * B S K'r

5.2
5.15-

CDFIl Monte Carlo

= " Bt

- ° B S Knt
= ° B 5 K'K

108060402002040608 1
a=(1- plp)x
CDF Run Il Preliminary
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0.03—
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_\I |.|.u|"l||\ | L1l
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" S
“Raw” measurement of A-p(B°? - K*m)

Uncorrected fractions

CDF Run Il Preliminary Lim=1 fb™

o~
. |3 B
= L
B, — K*'K- ?;her signals BY . K*mr > 1400 e
. 26% s . f W
19% © 1200 oo
N - [ e »>KkK
g_ 1000:— - BB - rc*rc'_o
/)] - - Bg - Kn*+B, » K'r
16% e % 800~ [0 2 o+ B
BY — mm " 2 ¢ B o o o
-E 600 I:l Combinatorial backg.
8 e - Three-body B decays

8

parameter fraction yield
BY 5 gta— +ce.  (0.160 £ 0.009) 1121 £ 63

BY & Ktn +cc (0577 £0.010) 4045 + 84 _ .
51 52 53 54 55 56 57 58
BY - KtK— +cc.  (0.186 £ 0.009) 1307 + 64 Invariant nr-mass[GeV/c?]

BY - h*th™ yield like B factories, and unique large sample of
B, - h*h"

—0
N, B K—x7t) - N._.(B° Ktqo~
_ ¥raw (_0 — t ) raw( — 4l ) = —0.092 4+ 0.023

W Nyaw(B — K—1t) + Npw(BY —» K+r-)

WIN 07, Kolkata J. Pursley - JHU 18
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" S
Direct CP asymmetry of B - K+t

After correcting for K*/K- interaction rate asymmetry and evaluating
systematic effects, find:

7B —ty _ 0 S
Acp = N(i - K7r™) - N(B” = K7n7) = —0.086 £ 0.023 (stat.) +0.009 (syst.)
N(B — K-7t)+ N(B? - K+r—)

A ':P[: BD—:rK+IE_ }l . CDF Run Il Preliminary L =1 b
(=]
. 0,040 % 0.160 + 0.020 S
a
BaBar —— -0.108 + 0.024 + 0.008 e
% . 0 +
5 B " ->Krx
Belle - 0093+ 0018 £ 0.008 E | N
back d
-0.058 £ 0.039 + 0,007 [ backgroun
HFAG 2006 - -0.093 £ 0015
. D06 £ 0023 £ 0009
eplrrir - 0.095£0013
[un-ﬂ"]ﬂlal : N - . B} ) , %|\|\||||||\||||||||||\|\|||||||||||||||||\|\|||||
. Probability ratio A_ (B" - K')
calculation) cp

Second best single measurement of A.p(B% - K*+1T)

WIN 07, Kolkata J. Pursley - JHU 19



"
BRs: BY - mtmr and B.° - K*K-

CDF Run Il Preliminary Lim=1 fb™!

fs- BR(BY - KTK™)
fa+ BR(BY = K+x—)

= 0.324 £ 0.019 (stat.) £ 0.041 (syst.) 900

800
700 - B” - n'm + c.C.

600 - B’ » K'K +c.c. _+_
D background

Candidates per 0.04

BR(B® — 7tn-)

— -4 . )
BR(BY o Kin-) = 02090017 (stat.) £ 0.016 (syst.)

5008

400"

Using HFAG: 300¢
200-

BR(B! - KYK™) = (24.4+1.4 (stat.) £4.6 (syst.)) x 107 100

:I\I\llllll\III|IIII|I\I\lIIII|IIII|IIII|I\I\|IIII
% 0.1 02 03 04 05 06 07 03 03 1
Probability ratio B” - n*n" vs B! - K'K’

BR(B" = nt77) = (5.10 £0.33 (stat.) £ 0.36 (syst.)) x 107°

m BR(B? - mtt1r), BR(B.? -~ K*K") becoming precision measurements
Conservative systematics for B,%, but soon syst. = stat. error

m Not completely in agreement with theoretical predictions:
[Descotes-Genon et al] BR(B.° - K*K")/BR(B? - K*1r) = 1
[Khodjamirian et al] predict large SU(3) breaking (=2)
CDF measurement disfavors predictions of large breaking
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"
Rare modes search (tight cuts)

CDF Run Il Preliminary Lim=1 fb™

Uncorrected fractions

BY, ~Km 44 3%2% B - KT

26%

Candidates per 20 MeV/c?

1000

800

18%
BY. — K'K- 600
400
B _, 32%
200
% 51 5.2
New rare modes observed
- Neaw(B] — K~n*) = 230 + 34 (stat.) £ 16 (syst.) (80)
Neaw(A§ =+ pr~) — 110£18 (stat.) £ 16 (syst.) (Bo)
Neaw(Af = pK~) = 156 £ 20 (stat.) £ 11 (syst.) (115)

WIN 07, Kolkata
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sk
i} -
- B —» Kna'
[ 18%8° »k'k
| ]
- BB - n'n
N BY - K'n* +§2 - K'r
[ a2 pree o
A= pnt A, —pr
[ A3 pK+ R > K
A= pK+ A - BK
|:| Combinatorial backg.
- Three-body B decays

53 54 55 56 57 58
Invariant m-mass[GeV/c?]
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" A
First observation of B, - K-ttt

CDF Run Il Preliminary L =1 fb™

Neaw(BY =+ K=a%) = 230 £ 34 (stat.) + 16 (syst.) ‘ S
f.-BR(B" 5 K—nt) £ 10l o
P BR(BY S Kfr) 0.066 + 0.010 (stat.) £ 0.010 (syst.) - | BT
o Dbackground
Using HFAG:
BR(B) - K—nt) = (5.0£0.75 (stat.) £ 1.0 (syst.)) x 1075 .
10°C
Good agreement with recent theo. predictions. -
From SM, expect large A, = 0.37 (calculated

IIII|\IIII\IIII\I\II\lIIIIII\IIIIIIIIIIIII
i . 0 0102 03 04 05 06 07 08 09 1
using above BR). Measure: Probabiliy ratio B¢ — K'r

N(B] - K*tr~) - N(BY » K—nt
Acp = (_f] = K77 (B, = K7m™) = 0.39+0.15 (stat.) +0.08 (syst.)
N(B, = Ktn~)+ N(B - K—nt)

Asymmetry 2.5¢c
Compare rates and asymmetries of BY - K+t and B.° - K-1t* to probe NP
with only SM assumptions [Lipkin, Phys.Lett. B621 (2005) 126]:

M3 — K nt)-THB - Krn)
B — K-nt)—T(B. — K+n-)

=0.84£04240.15 (=15M)

22




" S
First observation: A.° - p1r, A° - pK-

CDF Run Il Preliminary Lim=1 b

Candidates per 0.2

CDF Run Il Preliminary Lim=1 fb!

so| A0 mass
region

30"
20"

10"

|

3
IDmln"'IDmaJ(

_ [T 5

B EC - Kx e
|:|.‘|.E—r|:m'1rt:l:.
I AR — pK +cc.

[: Combinatorial backg

wa(ﬂg — pK_)

Nra,w(ﬁg — p'n'_)

156 &+ 20 (stat.) + 11 (syst.)

110 £ 18 (stat.) £ 16 (syst.)

Use PID variable to
distinguish the modes in
the A, signal region. _
Measure BR in agreement,,_
with theory predictions:

106

6o

Candidates per 0.04

BR(A] = pr™)
BR(A} — pK )

0.66 + 0.14 (stat.) + 0.08 (syst.)

WIN 07, Kolkata
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10°E
10°E .Agepn +c.c
D background
107
L+ 4
_+_
| | | | | |

Lo b e r bl \Il\llll\‘l\ll
0 0102 03 04 05 06 07 08 09 1

Probability ratio A: — pr

CDF Run Il Preliminary Lim=1 fb™

- 10°C

10° .Aﬂ—)pK+cc
§ Dbackground

10°;
; ANE

_+_

II\Illl\\l\II\ll\llll\ll‘II\I‘\IIIl\II\lIII\‘I\II
0 010203 04 05 06 07 08 09 1

Probability ratio A} — pK’



" JdE
Upper limits: B® - K*K-, B0 — Tt

m Both modes are annihilation-dominated decays
Hard to predict BR
Not yet observed anywhere

fo+ BR(BY = ntn7)
fa+BR(BY - K+n—)

0.007 £ 0.004 (stat.) £ 0.005 (syst.) 1.5¢c

0, mHE-
BR(B = K'K7) _ (020 +0.008 (stat.) £ 0.006 (syst.) 1.5 0

BR(BY - K+~

BR(B® - KtK~) = (0.39 +£0.16 (stat.) £ 0.12 (syst.)) x 10~¢  (<0.7-10°@ 90% C.L.)
Expected [0.01 - 0.2] 10 [Beneke&Neubert NP B675, 333(2003)]

BR(B? - ntn™) = (0.53 £0.31 (stat.) £ 0.40 (syst.)) x 107° (<1.36 - 105 @ 90% C.L.)

Expected: [0.007 - 0.08] -10-° [Beneke&Neuber t NP B675, 333(2003)]
Expected: 0.42 + 0.06 [Ying Li et al. hep-ph/0404028]

World’s best upper limit on B,° » 11T
Same resolution as B-factories for B0 - K+K-

WIN 07, Kolkata J. Pursley - JHU 24



Summary

s First observation of lowest lying charged %, states!
With m(A,) = 5619.7 £ 1.2 (stat) £ 1.2 (syst) MeV/c?,

m(3;) = 5808+%9 (stat) £1.7 (syst) MeV/c?
m(S;~) = 583713} (stat) £1.7 (syst) MeV/c?
m(¥; ") = 582971 (stat) 1.7 (syst) MeV/c?

m New B - h* h™ results
First observation of B - K-1t*, A,° - p1T, A° - pK-
First measurement of A, and BR(B.? - K-1t")
Precision A-p(B% - K*1T) measurement
Updated BR(B.,° - K*K-) and BR(B® - 1tf1r) measurements

m With more data on the way, more precision measurements and
new discovery potential!

WIN 07, Kolkata J. Pursley - JHU 25
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"
2, Fit Likelihood Ratios

CDF Il Preliminary, L = 1.1 fb Fit Prob. = 0.003%

Hypothesis  |A(In £) |LR : ] S| s UE sackroune
“NULL" vs. “4 44.7| 2.6e19 a HH | J |

Peak” : 205 pArE ':.l "I i

“2 Peak” vs. “4 14.3| 1.6e6| 2 .f
Peak” S n?, e o .ﬁwﬁ.
No 5, Peak 104] 33ed| 7| Lu [T herucomgn
No 5 * Peak 1.1 3| uf m |

No 5, Peak 10.1| 2.4e4| *ip &l i m s ""...!!.,mu“m L }
No 5, Peak 9.8| 1.8e4 1;_0 — 0_2% - js — _ — _5

Q = m(A%) - m(Ap) - m, (GeV/cz)

WIN 07, Kolkata J. Pursley - JHU 27



CDF |l Preliminary, L = 1.1 fb'1 Fit Prob. = 10%

N§ . — Total Fit

g 50:_ y- — Background

o wf | b — 5 o Al

2 o H J J

7] - I

§ 203 }I } HH i II % Zb TWO Peak
g 10| | Dy ot Flt

S SAN ..W

50| — Total Fit

- . v — Background
40 % | b — I* > Aln*
L Al %
20 -./ I } 1 I. |“|I !! }

' "- by r.i" ! JAil . }
of aatmllide L bl

I . . . . . | , , , . | . , , , | , , , ;i
o 0. 0.2 0.3 0.4 0.5

w1 Q=m(A%) - m(Ap) - m, (GeV/c?) 28



B - h+h’- Reconstruction

PLANE TRANSVERSE TO THE BEAM

m Offline trigger confirmation
Two opposite charge tracks (i.e. B
candidate) from long-lived decay:
m Track impact parameter > 100 um
m B transverse decay length > 200 um

B candidate points back to the
primary vertex

m B impact parameter < 140 um
Reject light quark background from
jets:

m Transverse opening angle [20°, 135°]

= p; and p, > 2.0 GeV/c

= p; + prp, > 5.5 GeV/c

m Visible B peak of ~14500 events
with S/B ~ 0.2

WIN 07, Kolkata J. Pursley - JHU
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&y d,= 100-um
ey '
secondany vertax ,""..-"
o

{b-hadron decay) g

P 18000 "

e

AR AR AR AR AR LA AR RARNRAAI NEN
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Invariant tn-mass [GeV/c?]



Peak Composition Handle 1: Mass

Tov e
m BR measurements sensitive to s
detailed shape of mass resolution & . —ewx
function g e
e.g. radiative tails, non-Gaussian tails % .
Need careful parameterization of all & ;
resolution effects! FSR tail left
Used QED calculation from of each peakjyyyis Msﬂ“s.e“s.'7's.s
[Baracchini and Isidori, Phys.Lett. | affects BR Invariant mass [GeV/c’]

B633 (2006) 309] for B(D) - mry K,

CDF Run Il Preliminary Lim=780 pb!

KK mass resolution templates

m Use huge DO - Kt sample for an
accurate test of resolution model

1 dim binned fit, signal mass line
shape fixed from model

-
o

s
II|

10°E

Check model fits data! mz;

Candidates per 1.5 MeV/c?
1
n
o)

¥/ ndf 161/83

—Bkg+Sgn
-~ Bkg
—Sgn

WIN 07, Kolkata J. Pursley - JHU 18 182 184 186 1.88 1.9 192 184

Invariant Kr-mass [GeV/c?]



" S
Peak Composition Handle 2: Momenta

CDFIl Monte Carlo

m Exploit the (small) kinematic

5.6

difference between the modes: 35 "B
: O, 55 * B K
o = (1= Pmin/Pmax) * Amin IS the B 545 ° B 5Kt
signed kinematic imbalance £ o B KK
Prin (Pmay) @re 3D track momenta, ;5.3{—
WIth Prin < Prmax S 53 rmmersmmee—
dmin IS the sign of the charge of £ 525 momsesdi '
track with p.,, I i
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~95% pure K and msamples
from ~1.5 million D*+ decays

tracking volume and time

WIN

07, Kolkata

Handle 3: dE/dx

Frequency per 0.2 ns
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1.40 K/mtseparation at p > 2.0
GeV/c

Statistical uncertainty only
60% worse than achievable
with PERFECT separation
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