FERVILAS, o-PHYSICS AT CDF & DO

Tevatron, detectors
and collaborations
running well.

Many results.

Luminosity since March 2001
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Y-, X**- Baryons - CDF
A, , 2. Baryon Spectroscopy — CDF

Search for Bs = uu— D0 & CDF
Observation of Y(4140) in B*—J/p ¢ K*- CDF

Gene Fisk - Fermilab PIC 2010 Karlsruhe 2



5 . * CDF Data PRL 99, 202001(2007)
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Gene Fisk

Candidates per 20 MaVic®
z

+
> A0+ 7*

0 T .
Ab—)AC+7Z'2 , p_l_

(K &7")>0.5GeV

AT > pK 77:p (p&™,)>2GeV

/\bMasswﬁI o e

E—— Total Fit
--—-- Partialy-reconsinochsd A,

——— Partialy-reconsinactssd B

Combinabrs

Cata

3180 +/-60 events

- Fermilab

B4 B.E BB .-E.TI I BB BB 'l_l g1
miA: ) GeVicE

Integrated Luminosity = 1.1fb-!

State Yield () or Ay (MeV/c")  Mass (MeV/c)

L 320N Que=48550  80T8T 4

P
T, 50T Qp =592 10402 152+ 10417

i+ 7410 g L e+LT
A . E X

M(A,) = 5619.7 +/- 1.2 +/- 1.2 MeV/c?

CDF Pub PRL 96, 202001(2006)

PIC 2010 Karlsruhe 3



0
* cT(Ab_)/O'C, >12.0
® p;(7,)>1.5GeV /c
* p; (ﬂjoft) > 0.2GeV /c,veryloose.

®*Data collected with
Two Track Trigger

® Reconstruct inclusive

+

o + :
base Agsignal as ‘do /O-do (”soft) < 3.0, w.r.t.pri.vix.
A S ATx” : = =M IR B L L B B B
M( b c b )Wlth E 9000 COF Run Il Freliminary —
¥ “rt - & 3 L= 60" 3
Ac — pK 7 applying = EI:IIIII:IE : i
+ o T000E E
vertex fitting toA _and 2 soooE A" gt E
A0 % 5000 At pKwt =
b’ 8 000F =
* Combine A, candidates 3000F N(A,)=16,300 | 3
: . 2000F 3
with soft pions to reconstruct _ ¢ 3
Zf)_) Adz_ . candidates. 55575555 % 52 64
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(Data - fit)/o

The projection of the unbinned LH fit
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Q= miA, " m) - m(A, %) - m_ (GeVic?)

onto the binned Q- distribution of

Gene Fisk - Fermilab

E':"]—

b candidates.

Y1 ) T

Parameters  Value MeV/c*
Qo, pole X,  56.27;%
Qg, pole Xp—  75.7 - 0.6
g, width X 4. 3—

o . 53
[5. width Eb 6.475%
Parameters 1*.ui":.silue, evis
Ns, yield X' 333+

. - " — .E!.5
N, yield X7~ 522722
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and 2

Candidates per 3 MeVic?

The projection of the unbinned LH fit

(Data - fit)c

Q-value Spectrum Results for =

Et ) L=60fk" CDF Run |l Preliminary
I I I I I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 I

Vi | T

g9

1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 I
0.05 0.1 0.15 0.2
Q =miA, " w) - miA, P - m_ (GeVic?)

onto the binned Q- distribution of

Gene Fisk - Fermilab

EL*:'J’ candidates.

Parameters  Value MeV/c-
Qo, pole )  52.0753;
Qp, pole i~ 727 +£0.7
Mo, width Xf  9.2+3%
M, width 2+ 104727
Parameters Value, evis
Ns, yvield &7 46871

2 b —0o5
N, vield Xp+  782+11%

PIC 2010 Karlsruhe




FITTED Q-VALUES AND RESONANCE WIDTHS

P-wave ﬂ:Oft Breit-Wigner signal I', with double Gaussian

resolution: <, o, and fraction f, fixed from M C. Background:

BGR = \/(Q + m,;)? —m,?(C +b,[Q +b,[(2Q? — 1))

Mass Difference and Natural Widths Measurements with [ df ~ 6fb".

State Qg, MeV/c* Mo, MeV/c*
— XF 52. O_g g(stat)JrD Ug(syst} 9. ng g(stat}ﬂ'u{syst)
— X7 727 +0. ?(atat)JrO 12(5};5‘[) 10. 4+§ Z[atatﬁﬂ 3(53 st)
— X 56.27 gg(statfrﬂ W(syst) 4. 3+g }(5tat)+ _ {5}ast)

—> X 75.7x0. 6(stat)+0 Dg(syst) 6. 4+2 2(5tat)+g}::{syst)

Isospin Mass Spilitting in X/, and X} | = 1 Isotriplets.

State AM™T™, MeV/c?
—> XXy —4.27 11 (stat) Tg gg (syst)

—> Yt ¥~ —3.0+0.9(stat) T3 15 (syst)

LR S R e OV LRI RV T R L
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CHARM BARYON SPECTROSCOPY AT CDF
A (2595), A.(2625), ~.(2455) & >_(2520)

i X 2520 (JP=§+j

.1
* 2455 LJ ==
2 2

DA; spin excitations: spin-1 light di-quark
Jisospin triplets: 2°, 2 X~

+.,0

Ustrong decay to A 7
Gene Fisk - Fermilab PIC 2010 Karlsruhe 8



2.3

A’ ORBITAL EXCITATIONS (| =1)

C

LIy

12~

2520

2455m;

A, L,

Gene Fisk - Fermilab

A 2595+(JP=£_\andA 2625+(JP=—\
) Sy

L wzw‘é 2986 ---

3

C

Jisospin singlets decay to A ® 7

Unon-resonant decays via P-wave parity
conserving strong interaction).

Uresonantdecays A 2595 —>2 2455 T
via S-wave.

Uresonant decays A 2625 —>2 2455 T

-~

via D-wave Q\gular momentum & parity cons._

Uresonant decays to ZC €520 Dkinem atically
inapproachable.

PIC 2010 Karlsruhe o]



JImproved measurement accuracy on masses and widths for:
Y 2455 X 2520 ,A 2595 and A 2625

JInclusion of proper kinematical threshold effects in:

A 2595 —> X 2455 m"

C

JDirect experimental determination of the pion coupling constant
h in the chiral Lagrangian.

i h provides information that will improve other charm and bottom
baryon calculations. Blechman et al. Phys.Rev.D 67, 074033
UPrevious calculations have used the measured I' (ﬁ @95 ))

UHadronic trigger requires twop displaced tracks with p. >2GeV/c.
CNeural network €euroBayes _Pnproves:
DA; —> p K © lifetime, vertex fit, particle ID and Dalitz plot analysis.

DZ‘;'” - A" AT > A mn; also improves A: neural-net discrimination|.

C C C

PIC 2010 Karlsruhe
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CHARM BARYON SPECTRA — CDF 2010

At > Arntr

COF Run I prafiminary, L= 63 & 7

w1000
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COF Run |l preliminary, L = 5.2 " CDF Run |l prefiminary, L= 52 fif°

3

3000

r\.{‘i-"__ - —Data r:‘:]. B —Data
Z - ﬂ —Fit Fun-:::|1l1;-:" > - h —Fit Function
C - I24B5F - At w - ---2{2455:" —A
E 2500 | --E (25208 — AF - E 2000 | --L {2620} — A 5
= C | N(E.{2455)") ~ 15800 S Z N(L.(2455) ") ~ 13600
 2000F N{E.{2520}F) ~ 0000 8 - N(E.(2520)"") ~ EE0D
g g 8 1500 I| e '
E 15131]_— E i . '-
= - L] - i
S F S 1000 @
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B ¥
0 [
E00f- =oop
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DL - ) I 3
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o real A7 with random track
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Candidates per 0.5 MeV/c®

1000

800

600

400

200

++

JA 2595 > X 2455

T rightatkinematic threshold

UBreit — Wignershape with mass — dependent width :

' A'\nm'n"
dN " .
2 2
dAm  Am-Am + T A'n'n +T A'n'n® /4
Ao 2595 c c
_ CDF Run |l preliminary, L = 5.2 fiy’ Q@ com b| natoﬂa |
L —Data .
[ —Fit Function background without
L == A(2585)" s AR T +
| e A2625) s AD R real 1"‘1{:.
[ N(A,(2595)") = 3500 )
[ N(A/(2625)") ~ 6200 @ real f’lg_ with two
— random tracks
_ w0+t
- @ Y. with random
i track
'_ o CLEO:
I 112 A.(2595)" and
Lt 245 A.(2625)7 events

Mass(A, n* n)-Mass(A]) [MeV/c?]

JTIIT 1 1ON T 1 <Clliiniav
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analysis provides 12 measurements (PDG values in parentheses):

m — m(A})[MeV /c?] ['[MeV /c?]
¥ (2455)° 167.28 £0.12 (167.30 £ 0.11)  1.65 £ 0.50 (2.2 4+ 0.4)
Y. (2455)TF 167.44 £ 0.13 (167.56 £0.11)  2.34 4+ 0.47 (2.23 &+ 0.30)
¥.(2520)° 232.88 £ 0.46 (231.6 & 0.5) 12.51 £ 2.28 (16.1 £ 2.1)
Y. (2520)7F 230.73 £ 0.58 (231.9 + 0.6) 15.03 £2.52 (14.9+£1.9)
A.(2595)" 305.79 & 0.24 (308.9 £ 0.6) 2.59 4+ 0.56 (3.6739)
A.(2625)F 341.65 + 0.13 (341.7 £ 0.6) < 0.97(90%CL) (< 1.9(90%CL))

o h3 = 0.36 = 0.08 (equivalent to I'(A.(2595)"))
o difference in m(A.(2595)T) — m(A]) due to proper treatment of
kinematical threshold effects, data consistent

Gene Fisk - Fermilab PIC 2010 Karlsruhe 15



(b)

e Standard Model rate well understood By ur
: Z°,

e Standard Model rate is small t ;

e New physics enhancements can be large S w W

New result first presented by
DO Fermilab Postdoc

Masato Aoki at FPCP2010
SM BF:

B(B.—)=(3.6 0.3)*10°
Buras, arXiv:0904.4917

Primary author of manuscript submitted
to Physics Letters

arXiv:1006.3469v1 hepl/ex

Gene Fisk - Fermilab PIC 2010 Karlsruhe 16


http://arxiv.org/abs/1006.3469v1
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SIGNAL AND BACKGROUND

Signal

sequential

e ) )

PIC 2010 Karlsruhe
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BACKGROUND REDUCTION

Minimum p; () £ Pl

Minimum )
DCA "_.--~Angle between
momentum

and direction

“"-:i\”' Vertex Xz 03r —— B, SignalMC I:hm"b|
Flight length %_M; Signal MC
significance £ ' + J/yK

o1t data and
sidebands 7 _ | MC

12

4 6 a
Muon Minimal P, [GeVic]
Gene Fisk - Fermilab PIC 2010"Karlsruhe 18


http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_lxysig.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_mu_minipsig.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_alpha3d.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_chi2vrt.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_pt.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_mu_minpt.eps

BACKGROUND REDUCTION

Minimum Pt (1) H Py (£4es)

Minimum -

L n=0 n=1
- Preshower
Flightlength [ [ soeros T
significance | — "2
i = Tra E———* _____________________ n=3.
/ i 1
‘ /.f o 3
¥ - B |
4 [ U UV U T S S S S S A SR U SO U B A A O B

-1.5 -1.0 -0.5 0.0 0.5 1.0 15
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_picture_silicon.eps
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_picture_tracking.eps

0a (@ DI61TH
P Boww

0.2 i B simulation
S . e Data sideband
o _ |
- 0.1 (7.
3 ': - ——-——_'/rr[
s (b) DEJ 6.1 b’
o -
£020  BounwK

®* B'data
5. &4 B* simulation

BACKGROUND REDUCTION

Bayesian Neural Network

Gene Fisk - Fermilab

- B+—J/y K+

Calibration sample

llfl[lll1|llll|rllll

51 52 53 54 55 5.6
m,, [GeV]

Expect ~3 signal events in
our data with these cuts

—>| ‘(— Signal region
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NEURAL NET DISTRIBUTIONS - CDF

CODF Preliminary 3.7 f"

ﬁm:ﬂ |'"'|"'+'|:".'|""|""t E
= (il =B, —p p Signal . . .
S ki - Background (Sicebands)] 2 Distributions of the
T A= - input variables
D-"‘;-_:_::- = CL3DMuu/Puu ‘ fOf‘ The BS 9“, e
kT Neural Net search.
e il
23 [em]
T T Gy L‘ BaCkground from sidebands
e sz P 3 .:-:‘
- Hy T w
‘;:E |:|.1g_ . Aa R ] % -
. L 1 E. — Signal from Monte Carlo
uu_ - __,.r-"'“"q.'ﬁ.é
uzf- ._:_ =i i— m"E
T P PP PP BN Brarwors e o E
L] o [T (] 0.4 [T [X] [} [ 1a F ) = 4 [=] B
A o® [rad]
ﬂ.:m: " :d:
D El =
Z F i Z
T b s
z " z

g

T

"
—

Lo
O T T [] ] R R 12
B [Gevic] pou Low [GeVic]
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NEURAL NET OUTPUT — CDF

CDF Preliminary 3.7 fb”’

Make cuts above

o 1_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII_
S S = 0.9 in NN output
5 - B where the signal
=
- —B. —u u Sianal - to background
S k. sTH SR 1 should be high.
8107l -~ Background (Sidebands) .
L . -
Bl "l-.__L N i
- =-"|.=- ** —
1021 T -
— "i +-I- E
L bt + P +...-l:-""_l-hl--l-""'"" ]
it L"_'F-L:_r—--.."'-.:
107 E
:I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 11 11 | L 111 | 1111 | 111 I:
0 01 02 03 04 05 06 07 08 09 1
NNout

Gene Fisk - Fermilab
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10-20 A before outer muon layers

in=0

[m]

5

Muon Scintillators |
——

Muon

n=1.-

g

0

B—D% v, D’ —>K-7

default

h N=5431956+2548

0.8 0.6

~0.1

......I....I....'
1.9 1.95 Z 205

Arbitrary Unit

kn) [GeVic?]

it on kaon

=TT TT

0.8

06 04 0

=1
.2

0
Ad({trk-mu

0)

PIC Karlsruhe 2010

Mass(Kr) [GeVict]

1 After penetration + matching cuts
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SIGNAL EXTRACTION

Monte Carlo Pythia msel=1 |

300 E— b—pX,bbar—px
2 250
g r B—uD, D—uX
= 200
E F

150
£
= —
g 100

)

30 o
T S ey
BHNN output
double
Background shape .

from BNN sideband,
norm from m(uw)
sidebands

Gene Fisk - Fermilab

Entries

2D fit to m(x) and BNN

B—uD, D—uX
|, hbd
zs DO
[ J
4135
‘sequenhal‘ -
Underflow 1542
15 ]
10:
sf— |
DE L L L +; | 1 N | L " " L | L L L L | L L L L | . L L L
4 45 5 2.0 [ [i%)
(1) [GeVie™]
CBSXbar=iX |

=
-

Iii

:::
.,_
_¢—
i:,_
—o—
:::
% s

PIC 2010 Karlsruhe
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COMPARISONS

DZ Run Il Preliminary : L~1.3fb™

e : ; Run lla

R 8 Blind Region

2 o} Old: 1D just counting
= . . .

5 of events in signal region
o 3f

§2

i 4

New: 2D including
shape in signal region

~40% improvement in
expected limit
New/Old

Gene Fisk - Fermilab PIC 2010 Karlsruhe 25



> 50 , o In highest sensitivity
Af .
3 o EDE6I o B<1 region:
§ ) 51 % 4 expected bkg
@ . events,
E’ 55 data events
“ s g g 6.5
' m,, [GeV] ~ BF <51x109(95% CL)
120 | .
- (b)ED 6.1 16 14x SM
5100 ™ 5.2 GeV <m,, <5.5 GeV_ o
© 80 : Expected limit: 38 x 10-°
11x SM
_ arXiv:1006.3469v1 [hep-ex]
0.8 0.85 0.9 0.95 1
B
Gene Fisk - Fermilab PIC 2010 Karlsruhe 26


http://arxiv.org/abs/1006.3469v1

NEwW CDF UPDATE RESULTS — PRELIM BRS

BR(B, 21" W) BR(By >u* )
90% 95% 90% 95%
Expected BR <2.7x10° <3.3x10° <7.2x10% <9.1 x10°
Observed BR <3.6x10°® <4.3x10°® <6.0x10° <7.6x 10°

Gene Fisk - Fermilab PIC 2010 Karlsruhe 27



Present

Future

Gene Fisk - Fermilab

Have a new limit based on 6.1 fb!
— 4.6 times more data than last pub

— 2.4 times sensitivity of last pub

Includes many improvements

— 33% reduction in KK background at same
efficiency

— 40% improvement from 2D fitting

Next steps
— More data

— Design variables to target dominant
background of gluon fusion bb production
where both B mesons decay
semileptonically.

PIC 2010 Karlsruhe 28



Y(4140) OBSERVATION AT CDF

IE".‘,#'L'.'»IZZI'F Run Il Preliminary L=6.0 fb"’

Candidates per 5 MeV/c?

CDF Run Il Preliminary L=6.0 fb"

Candidates per 10 MeV/c?
O o W R D =D WD D

—

Tk

1.1 1 I.2 1;_3 1 I.4 1.5
m(u K K)-m(u'p) Gevie?

Gene Fisk - Fermilab

CDF reports evidence for a particle that decays to
Jhyd with Iy to uruand ¢ to K*K~. Such a state is
exotic, meaning other such states that decay to two
heavy charmonium statescc andss have not been
confirmed. The mass and estimated number of
events are: 4143.4 +2.9/- 3.0(stat) +/- 0.6(syst) MeV,
with 19+/-6 events. They quote the statistical
significance slightly exceeds 5 .

CDF Run Il Preliminary L=eom? A second structure of

w10 . . e

2 sl significance 3.1c

S 8F is also reported with
2 a mass and width of
> 5 4274.4 +8.4/-6.7 MeV
-l H H and 32.3 +21.9/-15.3
2 2 [ ek D‘ﬂﬁ%[ MeV with a yield of

© ;1 . S 22+/-8 events.

m K K)-m(u'p) Gevie?

PIC 2010 Karlsruhe 29



SUMMARY

* Excellent progress on X, *-and excited states with
new data and high statistics. CDF

* CDF new data and new analysis of ~_and A_charmed
baryons. Congratulations to CDF and the Karlsruhe
group.

* New lower limits on the upper limit to the branching
ratio for B, = p n. CDF & DO.

* New exotic state X(4140) 2 y(u'u) ¢(K*K)
reported by CDF.

Gene Fisk - Fermilab PIC 2010 Karlsruhe 30



Backup

Gene Fisk - Fermilab

PIC 2010 Karlsruhe
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2 and ~ Baryons with CDF Il

J=1/2 b Baryons

Gene Fisk - Fermilab

(S|
Dy

0b

PIC 2010 Karlsruhe

J=3/2 b Baryons
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% - - 80
ok
E * ez _ :l:tt:m '1.':2 'EH
ﬁb T& 127 Pion Transitions g0l | Backgrouna % 4
- 17 —-, 3
" -5 : |
T.om 3 % e e w0 &
- S-Waye S-Wave NU
T 5 S
L p-waAVE i o
p-wave Et-h:._a'fe ) E
e 12 :{' b o
E = 72 ﬁ;;
p-WaVES o
u] o =
ﬁh 0@/ 5 notation: [ @ s, E
I
L.J'[';-':Icl]:a|'|’[is’g.fr1’|r'n b{qq}symm AW
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MASS SPLITTINGS IN X, AND X*,

J. L. Rosner, Phys. Rev D 75, 013009 (2007)

i gnaQin“P 0 r <GiDGj>

AE =

ijHFe

, which assuming wave fn universality becomes:
3mm
! J

AE :VQiQ_<GiDG_>/ mm . Form Al =1 mass differences for = X~

ijHFe

( Y oyl \
e R L

1
\mm mm ) 9\mm mm )

0

which goes like 1/m . Similarly ~ -2 goes like 1/m so that,

2 -% =m /m )€ -2 PPDG: = =-8.08+0.08 MeV, £ =-4.4+0.64MeV,
Usingm =538 MeV and m =4.9GeV (JLR) and the new CDF values for =
2 -% = QS / mbI:—zl)

LHS=(-3.0£0.9%0.13)-(-4.2%£1.0%0.9)
RHS=(0.538/4.9)[-4.4+0.64)+(8.08%0.08)_1

LHS : 1.2_i 1.4 =0.40 £ 0.07 RHS
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@ binned maximum likelihood method
@ signals:
o convolutions of nonrelativistic Breit-Wigner functions with detector

resolutions

o A.(2595)7: consideration of kinematical threshold effects in resonant
decays to ¥.(2455)%++ -

o several background constituents:

o combinatorial background without real A7
— determined from AT mass sidebands

o real AT with random tracks

o contaminations from A’ feed-down in X, spectra and X, with random
track in A} spectrum
— examination of two-body line shapes from three-body decays
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Systematic Uncertainties (MeV)
Source AM(Z,(2455)%+) | T'(Z,(2455)0+* AmM(Z,(2520)%* | T'(Z,(2520)0+*
+
Resolution -/- 0.45/0.40 -/- 0.70/0.69
Mass Scale 0.12/0.12 0.20/0.20 0.12/0.12 0.20/0.20
Fit Model 0.02/0.02 -/- 0.11/0.11 1.16/1.16
Sum 0.12/0.12 0.49/0.45 0.16/0.16 1.37/1.36
Statistical 0.03/0.04 0.11/0.13 0.43/0.56 1.82/2.12
Source AM(A(2595)) h22 ['(Ac(2595)") | Am(A(2625)*)
Resolution 0.06 0.03 0.22 -
Mass Scale 0.12 0.03 0.20 0.12
Am, T’ 0.15 0.06 0.36 -
Sum 0.20 0.07 0.47 0.12
Statistical 0.14 0.04 0.30 0.04
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New Update from CDF — 3.7 fb! - B, , B, —uu

Previous publication: CDF Collaboration;

T. Aaltonen, et al., Phys. Rev. Lett. 100, 101802 2008)
BRs for B((B,) < 5.8 x10-8 (<1.8 x 10-8) = p*u~ 95%
CL with 2fb! of integrated luminosity.

3.7 fb! Increased data sample:
Increased size of data sample;
Increased trigger acceptance.
Two regions of n trigger acceptance:
In|< 0.6 with P+> 1.4 GeV/c [CMU-CMU] and
0.6 <|n| <1.0 with P1> 2.0 GeV/c [CMU-CMX].

Reduce random combinatoric backgrounds by requiring the

D |>4GeV / c.

vector sum of the muon transverse momenta to be

Tracker likelthood fn uses track hits, calorimeter and muon system info.
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7

CDF Neural Net Event Selection

. Establish 3D secondary vtx - determined from X 1 and other

charged secondary tracks.

. Make 3D primary vix from charged tracks not in secondary vertex.
. Construct: L3D = L- PW / PW where L extends from the primary to the secondary vtx.
c'M - L
. Calculate: A=ct = —
P

.Require: A /& > 2,

. Require: Aa< 0.7 rad. where @ is the opening angle between PM and L.

u

. Use track candidate isolation, | > 0.50.

Find: 28,667 CMU-CMU candidates

26,565 CMU-CMX candidates
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