Status & Plans for 1999 K, - p®mm

- Qutline
* Qverview
o KL->p®mmanalysis
* Higher backgrounds from accidentals

« Backgrounds estimate issues: Spikes in KL=2>pm MC
distributions

* Reusing a few KL->p*p-pYaccidentals in MC
« Estimate from data?
« Current issues & Plans for wrapping up the analysis
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Analysis Cuts for K, = p’mm

No extra tracks

Ptrk > 10 GeV/c

Etrkclus < 1 GeV

Offmag < 1mm (X & y)

97 < zvtx < 157 *

Xvtx & yvtx in beam region at Csl
Vtxchi2 < 10

Trk to trk cluster position < 3.5cm
Photon clus to trk clus > 20cm
Exactly 2 hits in MU3X and MU3Y
Non-adjacent mu hits in 1 plane
RC energy < 0.2 GeV

CA energy < 3.0 GeV

20 GeV < E, <220 GeV

No extra HCC clusters

Fusechi2 < 5

Signal Cuts (K, =2 p°m)
« Trigger 5
« Exactly 2 HCC clusters (no trk)
e 0.1315 < MpP<0.1385 GeV/c2*
« M, <0.350
¢ -0.01 <mmOkine <0.1
* Pt2<0.0001 (GeV/c)?
¢ 0.490 < Mp°mm< 0.506 GeV/c?

Normalization Cuts (K, = mmm)
* Trigger 6
e Exactly 1 HCC cluster (no trk)
e Eg>8.0GeV
* Pt2<0.0001 (GeV/c)?
¢ 0.490 < Mp°mm< 0.506 GeV/c?
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1999 Data: K, =2 p’mm

JAWS Analysis. 1999 Data
- 1999 data <10 1999 Data

» Signal acceptance = 4%
« Background level is higher near

the box than in 1997 "k
* More background close to box o7
due to lowered B-field - ¢
« Low mass background is from ©
K> ppp° |

0.1

- Largest background expected
comes from K. ® nmfmgg

« Dangerous background that peaks
at kaon mass 0.025

0.075

0.05

. b IIIII|IIII|IIII|IIII
0.46 0.47 0.48 .49 0.5 0.51 052 .53 0.54 0.55

‘ Mrss {Gev /o)
0
K, =2 p’mm
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K, 2 p’mm1999 Data

- Cut on track inv mass assuming
KL->p*p p° event
« 0.47<M;, <0.53 2> 45%

drop in background near box
with no signal loss

* 0.46 <M;, <0.54 2> 75%
drop in background near box
with ~10% signal loss

- Backgrounds from K3pi, Kn8 and
mryg

There are still events in this /

region that | need to deal with

JAWS Analysis: 1999 Data

1999 Datg
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<0.09
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Xo.09 gé% ° . . O_D46<|V|3p<0.54

O 0.45 £33 0,21 0.2 .03 .24
Mass (Gev,/c?)

Inceased box size during cut tuning
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K =2p*p pand K, 2pmMC

- For K =>p*p p° 6 distinct classes of events
1.1 Decay + Accidental
2.No decay or punch-thru
3.1 Punch-thru + Accidental
4.1 Decay + 1 Punch-thru
5.2 Decays
6.2 Punch-thrus
- For K =>pm: 3 distinct classes of events
1.1 Decay + Accidental photons
2.No decay or punch-thru + Accidental photons
3.1 Punch-thru + Accidental photons
- Run MC with no selection
* Let KTEVMC K 2> p*p p®and K =>pmmrun normally

 Select Trigger 5 Events (K, ® p°mm, K, ® nmog)
¢ 2V *DC12 * 2MU3_LOOSE * PHVBARL1 * 2HCY LOOSE * HCC_GE2
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“Non-selected” K, 2> p*p p° MC

Output of MC After all cuts After all cuts
except pt2&Mass except Mass
No Decay or 23% 4% 10%
Punch
1 Punch >1% > 1% > 1%
1 Decay 49% 20% 28%
1 Punch + > 1% > 1% > 1%
1 Decay
2 Decays 28% 716% 62%
2 Punch 0% 0% 0%
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“Non-selected” K, 2pmmMC

Output of MC After all cuts After all cuts
except pt2&Mass except Mass
No Decay or 81% 28% 36%
Punch
1 Punch >0.6% -
1 Decay 19% 42% 64%
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Data/ K, 2p*p p°+ K, 2pmMC

Quick check of the number of
events in the high mass region —
loose cuts!

* Integrate from 0.5->0.6 GeV/c?

* Kmu3-31events x 1.79 = 56 evts
* K3pi - 3 events x 0.95 = 3 evts

Invariant Mass:
Reconstruct as K; -2 p°mm

D 40228
Entries 374725
Mean 0.4375
RMS 0.1368E—-01

E_ I I I I I | | i | I
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

Invariant Mass (GeV/c2)

« Total MC =59 PS’Sikes
 Data - 68pts

el ID 40228
E . K 9 pl I I I Entries 372

B g L Mean 0.4517
0.3299E-01

10 L RMS
Wﬁﬂﬂﬂ Yoo oll n=nn Al MTH

0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

Invariant Mass (GeV/c2)

WO4* D 40228
Entries 405246
10°E Data Mean 0.4380
1026 RMS 0.1342E-01
10 &
T e ! \ ! \ ! H!_W—\Hﬁﬂ
0.4 0.425 0.45 0.475

LY Y I
0.5 0525 055 0575 06

Invariant Mass (GeV/c2)
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Spikes In K, 2pm MC

Inv Mass:

Reconstruct as K; = p°mm

r ID 40021 C D 40628
00 b Entries 770 140 & Entries 372
r Mean 9.964 120 Mean 0.4517
- RMS 5.708 E RMS 0.3299E-01
50 100 [
[ 80 |
O L L1 ‘ ] I ‘ L i—‘_‘ e I ‘ ] I ‘ ] I ‘ ] :
0 5 10 15 20 25 30 35 40 45 50 60 =
Energy of photons 40 ?
F D 40022 20 J
100 - Entries 372 0 C H‘u N s 1 L . [ [P P P | e
L E Mean 61.62 0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
L K RMS 17.02 N 1072 .
50 Invariant Mass (GeV/c2)
L Hﬂ 0.1 ¢ %
O 7\ - ‘ L L ‘ H—‘—Lr‘f‘l_u—.J_\._ﬁ_L.‘ ] I | ‘ L1l ‘ ] I ‘ ] I ‘ ] 0.09 ;7 *
0 25 50 75 100 125 150 175 200 225 250 0.08 E *
Kaon Energy 0.07 = * * * *
0.06 [ *
2 k ‘EDt‘ 4025; 0.05 [
I ntries E
100 rac Mean 0.2767 0.0+ B 4
RMS 0.3650E-01 0.03 g *
= lnv M ’
NV VIaSS
x
O L ‘ L L ‘ ol ?J-L\ M e | |- J— ol L ‘ L L ‘ L ‘ L L ‘ L
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Invariant Mass of 2 track (GeV/c2) P12 vs. Invariant mass
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Duplicate Accidental Events

RIEVEwil Doty N KTEV Event Display
P .
sel31_D13_14754.0ut

Run Number: 14764 lusr/klik/klikd5/jaws/spikea B
e e, 2246543 cc_14754.out

Trigger Mask: 10 _
e Run Number: 14754 10
HOG durkroont? Spill Number: 197 e
T1:.0.1%08 :‘ma-'w.n Event Number: 61361581 -
75 02s80-0at0 3875 Trigger Mask: 2000 }
C2: 0.2878-0.0405 0.33

C1: 0420204874 938 All Slices

C3:-02878 0.2118 9.52 -
Caame o 00 Track and Cluster Info B
Cor-0011 0080 040 HCC cluster count: 2 05

©9:-0.0600-0.0277 032

ID Xcsi Yecsi PorE

€10:-01383-0.2164 034

Verbex: 2 tracks, 2 chisters

- [T 1:-0.1309 0.3720 -19.13 J
00853 0.0130 115.672

i C4:-0.1504 0.3775 0.39 -
Mass=0.4621 (sssuming pions)

Chisqm241 Pr2wog00so7 | " [T 2: 0.2957 -0.0410 +36.65 - B

C2: 0.2753-0.0281 0.37

C1: 0.4202-0.4874 9.44

C 3:-0.2879 0.2117 9.51 THEEs

Vertex: 2 tracks, 2 clusters

X

-Qo
H

Y Z
0.0852 0.0130 115.610 -

- 1000 GaV

- 1.00GeV

Mass=0.4920 (assuming pions) -

- 010GV

- 0.01Gev

Chisq=1.42 P{2v=0.000565 05 - )

KTEV Evenl Display

lusslikikAS fawskmudno

soH118_013_14754.0ut

un Number:

R 14754
Splll Number: 197
Event Number:

Trigger Mask: 10
All Slices

HCC clustar count 2

D Xcsi Yosi PorE
T1:-0.1308 0.3720 -19.18
C7:-01322 0.5777 037
T2: 0.2956-0.410 +36.76
C4: 0.2753-0.0408 0.35
C1: 0420204874 9.37
€6:-02682 0.2117 945
€2 0.35779-0.1308 0.38

€3: 0.3495-0.2065 0.80
©5: 0.3251-0.1924 3.37
€8:-0.3138 00155 089

Vertex: 2 tracka, 2 custers

2]
|

©
|

X Y 2z
00852 0.0127 116613
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Chisq=2.75

e
7]
|

- Cluster

Track

&
o
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m()o
S5

°

-Qo
H

o
|
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Duplicate Accidental Events

RIEVEwil Doty N KTEV Event Display
IushdichidSawskmuSao . N
sel31_D14_15541.0ut

Run Number: 16541 lusr/klik/klikd5/jaws/spikea B
Eber mber 18430625 cc_15541.out
‘Trigger Mask: 10 _
e Run Number: 15541 10
HOG durkroont? Spill Number: 105 e
T4 027 00599 1030 Event Number: 31546247 -
75 01e5a-0 dar <1208 Trigger Mask: 2000
C4: 0.1854-0.2520 056 -
€ 1: 0.0003 0.0077 1603 All Slices 7
C5:-04833 0.8058 3.04 - 7
co-aam ooz ot Track and Cluster Info _
v;m:zm‘zanm HCC cluster count: 2 05 _
e ID Xesi Yesi PorE )
Chisq0.40 [T 1: 0.2347 0.0533 -16.86
C2: 0.2305 0.0531 0.98 -
[T 2: 0.1894 -0.2487 +12.04 N
C 3: 0.2002 -0.2521 0.69 -
C 1: 0.0003 0.0977 15.08 0
C 4:-0.4933 0.9058 3.04 o H
O - cuser C 5:-0.3908 0.0381 0.40 B H
O - ma Vertex: 2 tracks, 2 clusters
W - 10006V -
= 1.00GeV X
- 010GV 0.0763 0.0346 138.980 -
- 0.01GeV
Mass=0.4990 (assuming pions)| 05 -
Chisq=0.21 Pt2v=0.000004 -
KTEV Eveni Display
JusKidkika5iawshkmusno -
20iB7_D14_15541.0ut
Run Number: 15541 -
Splll Number: 105
Event Number: 18405522
Trigger Mask: 10 -
All Slices
Info -10 -
HCC cluster count: 2
ID Xcsi Yesi PorE -
T1: 0.2347 0.0633 -16.88
C2: 0.2377 00862 0.78
T2 0.1884-0.2487 +12.06 -
C4: 0.1849-0.2519 0.66
C 1: 0.0003 0.0977 1501 -
C5:-04933 08058 3.04
C3: 0.0121 0.0083 047
C6:-0.3880 0.0346 0.25
C7:-03153-00155 D41 15
Vertex: 2 fracks, 2 clusters
X Y z -
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per) e 10
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INENENEENENEEEEEE 1T

e
7]
|

- Cluster

15 o5 do Fi Ay

Track

m()o
S5

w ﬁﬂ:ﬂ: - 10.00 GeV 05 -
O - ctawr I - 1.00 GeV 10°
O - ek e R Y vz
B - 000 o ﬂﬂ:ﬂ: | - 0.10 GeV -
1.00GeV e 15 7
or0cey a5 - 0.01Gev [ [ [ o o
0.01GeV [T R R A A I AR 100 120 140 160 180

March 12, 2005 KTeV Meeting



Spikes In K, 2pmMC

Events are real K, 2> p*p-p®accidental events

At least some background coming from K, 2 p*p p®+K, 2> pm
double decays

Need to estimate this effect when calculating event statistics
from background MC
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Background Estimate

m

Possible problem estimating

backgrounds due to re-used

accidentals in kmu3 MC

+ Signal: K = p°mm

« Backgrounds: kmu3,k3pi,nmtg

Use (zneut — zchg) distribution in

data to estimate background

1. Charged vertex from decay in flight 2.
pion (muon accidental) charged

vertex can reconstruct away from
neutral vertex (if real p9) m

2. Neutral vertex from 2 photons not
coming from p° can reconstruct away
from charged vertex

3. Charged and neutral vertices can
come from different kaon decays

Constrain to p°

Real p°
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MC zneut-zchg: Before final cuts

~Remove mpP cut in analysis

T NMc 5 4 pm

o]

000 5 5
& 1090
O e 2000 + _ O Fntries
-
BOD p nmm Mec 750 Mea
e ) IS
RMS 550 TR0 -
s
6000 12800
10000
400 T
EJ”"
v
S
H00
5 = - - oy = : 5 100 &0 &0 40 20 0 20 40 B0 80 100
0 80 60 40 20 0 20 40 60 80 ole g g - v . - b e
2afare m3nl ot 2, b r IT AT
Jefare m2 cuts — ZNEUT — ZVTX defore m3pi,pt2 Mk cuts — ZNEU AVTH
L RVTE
; . . Kmud MC
default wuyy MC — not RADDAL ONLY -
S
"y - .
) .
B
20 F ’ Spike from npn
W ? T Mean 27.65
1= ratal ¥,
. Re-used p° ete
R, RMS B p
i -
5 from k3pi
idental
F
L}
5
2
5 | I
I | | ~ 80 oy A . ~ . AN oo ar Ay
= 5 = e = o - R N =10 s 18} ) A ¥} FAV) L (a1 [a1¥) L
o0 an 60 40 20 0 20 40 60 18] ao

cuts — ZNEUT — ZVTX

3efore m3pi,pt2 Mk cuts — ZNEUT INTX
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MC zneut-zchg: After all cuts

Remove mp° cut in analysis

7 MO

Y PR ;]
Q000 = )] 20180 20 ‘
T Fntries ] ] Entries 325
000 O niries + - O 3
- h 19 mE 4 T M e A T
I I I I l Mearn 0.1125 Wan 4253
FA00 RMS 1057 RMS 2.991
falale] ary
UL ol
AQ
1000
oo a0 &0 40 20 0 20 40 5% 20 100 a0 G0 40 20 0 20 40 [51W B0 1

3afore Mk cut — ZNEUT — ZVTX 3afore Mk cut — ZNEUT INTX

Jefault wwyy MC — not RADDAL ONLY AT ML

-

w4

Entries

14 - Entries 33
. rmw Mean 12.B9 4 rrpn \“'l"-“-'_" ’_EJ'E"_:
2 RMS 18 68 RMS 2065

O 3

o

6 e

4

i

. | 's] | 1 | 1 | | |

W e ey Ta] o~y ,\ e ey ~ o Qnr T
a0 a0 40) 20 0 20 40 51N B0 Qo

= e - . - - o = .
a0 G0 40 20 0 20 40 Gl B0 Qo

3efore Mk cut — ZMNEUT — ZVTX
After all cuts except M, cut
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Data/MC Overlay: zneut - zchg

Remove mp° cut in analysis

MC Norm: from inv mass dist

LN oW e o

0.9
0.8
0.7
0.6
0.5

*/dof = 100.0 / 67

Kmu3 and +—0 MC over Data

D 987635
ntries 100
ean —1.312
RMS 9.679

| AT o

—-60 —40 20 0 20 40 60 80 100

(0.95)+(1.79) * Before m3pi,pt2,Mk cuts — ZNEUT — ZVTX

j

O [T T[T [T [T TTT]T

D 987635
Entries 100
Mjuh 13{52
RMS 381909

s
D

[t
| HMH

3
BlH(T HE-02
21 0.6114E-03

e
O
(o)}
6

=)

Sk

—-60 —40 -20 0 20 40 60 80 100

(0.95)+(1.79) * Before m3pi,pt2,Mk cuts — ZNEUT — ZVTX

1.5

1.4

1.3
1.2
1.1

0.9
0.8
0.7
0.6
0.5

Not PHOTOS
2/d40f = 59.1 / 64 Kmu3 and +—0 MC over Data
= ID 987635
E ST TEntries 100
3 ean —4.379
[ MS 15.36
; L L L ‘ L H \H‘ L H L ‘ L L1 ‘ L L L ‘ L1 L ‘ L L L ‘ L1 L ‘ L L L ‘ L L L
00 -60 —-40 —20 0 20 40 60 80 100
(0.95)+(1.79) * Before pt2 and Mk cuts — ZNEUT — ZVTX
E I ID Get655
E Entries 100
= Mea - 5.0
f | RMS Bl/. V18
\ i X/hEnse. 72 o
E -] ++ (19 pad ) |0.2094E—-01
E 4 =y FO. 2899102 #1T0(1404E-02
E L L L ‘ L L L ‘ L L ‘ L L L ‘ L L L ‘ L L L L ‘ L L ‘ L L L ‘ L L L
00 -60 —-40 —20 0 20 40 60 80 100

(0.95)+(1.79) * Before pt2 and Mk cuts — ZNEUT — ZVTX

After all cuts except My, pt?, M, cut

After all cuts except pt?, M, cut
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Overlay after cuts: zneut - zchg

Remove mp° cut in analysis

- Zdiff distribution is well modeled MC Norm: from inv mass dist
. 1¥/dof =17.3 /26 Kmu3 and +-0 MC over Data Not PHOTOS
- Estimate background under peak e
. F ® Data JTL¥6c1h —2.459
« Estimate background - — MC s 1272
o Cut at -2m<zdiff<+2m 10
(+/-2s signal region) ! ‘ ‘
» Fitbackground in asymmetric S 1 L 11 ‘HH Lol HM{ 1‘ ..
reglon (Z>1Om’ Z<_20m) —-100 =80 —60 —40 720 0 20 40 60 80 100
. . . (0.95)+(1.79) * Befare Mk cut — ZNEUT — ZVTX
* Integrate in signal region o B 5765
B Entries 100
* Need to reduce background SE Mear e
. 11 B I 2/ndf5.153 [/ 15
* Try track quality cuts: T M? I bt
dist(zneut — nearest track), 09 £ ] W | IR
e Track straightness in y-view o7 ¢ \ |
e Timing C2 on software clusters | °7o0 = w0 w0 o w0 w0 e
(0.95)+(1.79) * Befare Mk cut — ZNEUT — ZVTX
After all cuts except M, cut
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Plans

MC reproduces zneut — zchg

Check shape of MC and data distributions in (zneut — zchg)
sidebands

¢ pt? vs (zneut — zchg)

* My vs (zneut — zchg)
Binned likelihood in signal box region

Go through technique to estimate background from data, with
MC estimate X-check

« Currently looks like at least 1-2 events in “box”

* Would like to reduce background
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Current Issues

- Unfortunately, ntuples - did not save fundamental track/Csl
Info
* MC Files — kept raw data files
« MC tally: p*p-p% 2880 files
kmu3 standard KTeVMC: 3344 files
kmu3 with PHOTOS: 1424
* Need to run through ~7650 MC files
- Copy from enstore and analyze
« Data Files
* Reprocess ~60 files — half way through
« SLOW!
* Enstore—>disk—>analyze—>copy ntuples to dcache/enstore
* |'ve also been having enstore copy problems

* Would like to store ntuples on dcache, but routines to access files
(other than ktev migrated tapes) have not been written
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