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Fragmentation function

®Fragmentation function (FF) D((z) : probability that hadron h is
found in the debris of a parton carrying a fraction z of parton’s
energy

e

=Yo(e e - qq)[ D}(z) + Di(z)]

o= Z fa(xa’QZ)@) fb(xb’Qz)

a,b,c

® 5 (ab — cX)® D7 (z,Q%)

® FF: QCD first principle (NOT YET);
» FF evolution function: DGLAP (similar to that of PDF)
» Fitting: parametrization & experimental data (e"e, SIDIS, pp and p p)
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Pion Fragmentation function

® Theory predictions at high z: with lage uncerainty
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Data Samples

® BOSS 664p01
® Data sets

v" Collision data at 2. 800GeV (3.753 pb?)

v Hadronic event: 1 M via generator ConExc
® Physics QED background: Monte Carlo data sets

v Bhabha: 6M via generator Babayaga

v (y)utu: 6M via generator Babayaga

v (y) vy : 6M via generator Babayaga

v ete— e*e+X: 6M via generator BESTWOGAM
® Non-physics background

v Beam-gas, beam-wall, cosmic, and so on

v" Use sideband method
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Hadronic event selection

Hadronic event selection, n° and K¢° production
@® Select hadronicevent @ x°and K¢ reconstruction

® Remove Bhabha and (y) y y events with EMC information
v Two showers with 15%/2"d energy deposition
0,+0,—180° | <10° and E > 0.65*E, .,
® (Good track selection
v |Vrl< 0.5, |[Vz| <1, |cosB| <0.93
Momentum <0.94*E, .,
(dE/dXe-dE/ prroton)/ Oproton< 10
\eto election with Momentum > 0.65*E, ., && e/p > 0.8
Veto gamma conversion with M(e,e) < 100MeV && Open angle<15°
v" Prob(E) / (Prob(E) + Prob(x) + Prob(K) + Prob(P)) < 0.25
® good photon selection
V' Eparrel > 25MeV; Egcap > 50MeV
v' 0<=TDC <= 14(x50ns);
® Isolated photon selection
V' Eparrel > 25MeV; Eqycap > 50MeV
v' 0<=TDC <= 14(x50ns);
v' Angle >20° && Ejq5i1eg > 100MeV

v
v
v
v
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Hadronic event selection

® Event level selection

v Number of good track N
1. Event with No,4=2
v' veto| 6,46,-180° |<15° &&| |@,—¢,-180° |<10°
number of Isolated photon N >= 2
2. Event with N,,4=3
v \eto, angle between 151/2"d energy track
| 6,+0,—-180° | <15° and| |p,—p,/—-180° | <10°

good>:2



Non-physics background

10*

10°

10°

Events
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Average VZ

Ngood .
® Average Z-direction vertex foraevent V. = Z v /Ngood
i=1

® Non-physics background: 5.0 <|V,|< 10.0cm
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n¥ reconstruction

® 10 selection: loop all the neutral tracks from hadronic selection
v 0.09GeV < M(yy) <0.17GeV
v' |cosb,,|< 0.95 (for 0.2 < p(n°) < 1.4GeV)
v' |cosb,,|< 0.8 (for 0.0 < p(n°) < 0.2GeV)
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Miscombine of &’
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70 selection criteria:
v’ 0.09GeV < M(yy) < 0.17GeV
|cos0,,|< 0.95 (for 0.2 < p(n°) < 1.4GeV)
|cos0,,|< 0.8 (for 0.0 < p(n°) < 0.2GeV)
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Distribution about w° candidates

selection criteria :
v |cos6,,|< 0.95
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Backgrounds and n® candidates
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Backgrounds and =n® candidates

Table 4: Background events of 7¥ candidates

7V candidate events

Source (including miss combination)

@[0.09,0.17] GeV mass region

ete” — (y)ete”

60.6 (0.032%)

ete” - (y)utu 8.2 (0.004%)

ete” = (Y)yy 3.1 (0.002%)

ete” > (y)efe + X 24.2 (0.013%)
Beam associated 2755 (1.472%)
Experiment data 187179

2017/10/15

Most contribution come from beam associated background and the

branching ratio is smaller than 2%
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Data: #° fitting at 2.800GeV
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Fitting function: Crystal baII + 2 order of Chebychev

16



MC: wlfitting at 2.800GeV
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Inclusive & production

L dow _ I 1 N,(p)
Chaa  dp  Br(n® > yy) NP Ap

N,"" : Observed hadronic event number

N7 (p) : Fitted z° number in @ momentum bin

Ap : Bin width in a momentum bin (100 MeV)

C : Correction factor in a momentum bin

2017/10/15
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¥ - bin-to-bin correction

N:O”th/N,f;’gh @ MC without ISR
- N%/Nde @ MC with ISR

N5 70from MC Truth

C corrects for event selection, n° reconstruction, ISR
and so on.

0.65
0.6
0.55
0.5
0.45
O 04
0.35

0.3

025, . 1 v o L
0 0.2 0.4 0.6 0.8 1 1.2

Momentum of n° /GeV
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Inclusive &° production
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n¥ systematic study

hadron event selection

Source Cut Default Alternative
veto Bhabha E,uio 0.65Epoam 0.6 ~ 0.7 -Epeam
and yy A# 10° 39 ~ 15°

good hadronic Vir 0.5 cm 1.0 cm
tracks pltrack) 0.94 - ppeam | 0.92 ~ 0.96 - ppeam
determination dE [dx cut 10 15
E/p ratio 0.8 0.75 ~ 0.85
Bhabha momentum limit | 0.65-ppeam 0.6 ~ 0.7 - Pream
isolated photon angle 20° 15% ~ 25°
isolated photon energy 100 MeV 75 ~ 125 MeV
gamma conversion angle 15° 10° ~ 20°
gamma conversion mass 100 MeV 80 ~ 120 MeV
PID ratio value 0.25 0.1 ~04
2 prong events AH 15° 10° ~ 20°
Ad 10° 5% ~ 15°
3 prong events A6 15° 10° ~ 20°
Ad 10° 5% ~ 15°
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n¥ systematic study

Fitting uncertainty
and model dependent

1, Fitting range

Default fitting range [0.09, 0.17] GeV

Tight fitting range: [0.095, 0.165] GeV

Loose fitting range: [0.085, 0.175] GeV
Pick up the one which have large differences with default result as
the fitting range uncertainty

2, Fitting function
Default fitting function: Crystal ball + 2 order of Chebychev
Change to: Crystal ball + 3 order of Chebychev
Take the difference as fitting function uncertainty

3, Model dependent (On going)
Use the ggbar MC generated by Luarlw tuned by Prof. Hu and
take the difference with ConExc as model uncertainty.



n¥ systematic study

n¥ cut criteria uncertainty

=¥ default cut criteria:
v’|cos0,,|< 0.95 (for 0.2 < p(n®) < 1.4GeV)
v’|cos0,,|< 0.8 (for 0.0 < p(n®) < 0.2GeV)

Up the cut criteria:
v'|cos0,,|< 0.97 (for 0.2 < p(n°) < 1.4GeV)
v'|cos0,,|< 0.82 (for 0.0 < p(n°) < 0.2GeV)

Down cut criteria:
v’|cos0,,|< 0.93 (for 0.2 < p(n°) < 1.4GeV)
v’|cos0,,|< 0.78 (for 0.0 < p(n°) < 0.2GeV)

Take the differences of MC and experiment data as the «° reconstruction
uncertainty



nt¥ systematic study

Table 3: Summary of systematic uncertainties (%) for inclusive 7 production varying with
momentum.

p(GeV) Hadron event Hadron track cosf Fitrange Bkgshape Sigshape Photon Total

0.0-0.1 8.5 6.4 2.4 1.2 4.1 8.8 2.0 14.8
0.1-0.2 10.9 10.1 4.7 3.8 2.6 8.0 2.0 18.2
0.2-0.3 5.1 6.1 0.2 3.5 1.4 2.3 2.0 9.3
0.3-0.4 2.5 4.6 0.8 1.4 1.2 2.6 2.0 6.5
0.4-0.5 1.8 2.1 0.1 0.3 2.0 1.8 2.0 4.3
0.5-0.6 0.4 2.1 0.0 0.4 1.3 3.4 2.0 477
0.6-0.7 1.1 2.1 0.4 0.4 0.9 2.8 2.0 4.3
0.7-0.8 1.9 1.7 0.4 0.7 2.1 0.6 2.0 4.0
0.8-0.9 0.9 2.6 2.2 1.9 0.3 3.4 2.0 5.6
0.9-1.0 0.8 2.6 0.9 1.2 1.6 0.9 2.0 4.1
1.0-1.1 1.6 1.0 0.4 0.4 1.2 2.3 2.0 3.8
1.1-1.2 3.0 2.4 0.7 0.4 1.1 2.6 2.0 5.2
1.2-1.3 2.3 1.8 1.4 1.3 2.0 1.1 2.0 4.6
1.3-1.4 26.1 10.0 5.6 2.1 7.4 2.0 2.0 29.7
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2"d K reconstruction

K, selection: charged track after hadronic events selection
v" Re-do track selection
> |Vr|< 10cm, |Vz|<30cm
» Other selection criteria: same
v PID: Prob = > Prob K and Prob = > Prob P
N_,>=1and N_>=1
v" Second vertex fitting: L/o, > 2.0



K, candidates distribution
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Data: K, signal and background @2.8 GeV
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2017/10/15 and non-physics background
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Backgrounds and K¢’ candidates

Table 5: Background events of K(S) candidates

K candidate events
Source (including miss combination)
@[0.47,0.53] GeV mass region

ete” — (y)ete” 27.0 (0.10%)

ete” - (Y)uu 3.6 (0.01%)

ete” = (y)yy 6.7 (0.03%)

ete” - (y)ete” + X 1.5 (0.01%)

Beam associated 427 (1.63%)
Experiment data 26276

Most contribution come from beam associated background and the uncertainty is smaller than 2%
2017/10/15 28



Data: Ks fitting @ 2.8 GeV
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Fitting function: Gaussian function + one order of Chebychev

2017/10/15 29



MC: K, fitting @ 2.8 GeV
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Fitting function: Gaussian function + one order of Chebychev
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Inclusive K° production

| dog I A2
O dp  Br(KY - xtn) NI Ap

N,”" Observed hadronic event number

Ny (P) Fitted K® number in a momentum bin

Ap Bin width in a momentum bin

C Correction factor in a momentum bin
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K : bin-to-bin correction

NZ’S“”/N,{%” @ MC without ISR
S

N9 [Njey, @ MC with ISR

N

N™ K0 from MC Truth
N

C corrects for event selection, K¢ reconstruction, ISR
and so on.

0.45— s ¢ ;

0355 ! " i1
034 i

0.25F {

0.2F {

0.15;— .
015

0056 v 1 v v
0 0.2 0.4 0.6 0.8 1 1.2

Momentum of Kg /1GeV

C factor
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K : bin-to-bin correction

o
N

o III|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|
HH

0.35
> 0.3
0.25

S

dGKD/(Ghadde
o

o . O

- O N

0.05

o

Thad AP Br(K) - m*tn) N,.W Ap
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Hadronic event selection

Hadronic event selection, n° and K¢° production
@® Select hadronicevent @ x°and K¢ reconstruction

® Remove Bhabha and (y) y y events with EMC information
v Two showers with 15%/2"d energy deposition
0,+0,—180° | <10° and E > 0.65*E, .,
® (Good track selection
v |Vrl< 0.5, |[Vz| <1, |cosO| <0.93
Momentum <0.94*E, .,
(dE/dXe-dE/ prroton)/ Oproton< 10
\eto election with Momentum > 0.65*E, ., && e/p > 0.8
Veto gamma conversion with M(e,e) < 100MeV && Open angle<15°
v Prob(E) / (Prob(E) + Prob(x) + Prob(K) + Prob(P)) < 0.25
® good photon selection
V' Eparrel > 25MeV; Egcap > 50MeV
v' 0<=TDC <= 14(x50ns);
® Isolated photon selection
V' Eparrel > 25MeV; Egcap > 50MeV
v' 0<=TDC <= 14(x50ns);
v' Angle >20° && Ejq i1 > 100MeV

v
v
v
v
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Hadronic event selection

® Event level selection

v Number of good track N
1. Event with No,4=2
v' veto| 6,46,-180° |<15° &&| |@,—¢,-180° |<10°
number of Isolated photon N >= 2
2. Event with N,,4=3
v \eto, angle between 151/2"d energy track
| 6,+0,—-180° | <15° and| |p,—p,/—-180° | <10°

good>:2
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Non-physics background

10*

10°

10°

Events

10

iy

|||||||||"||||"|||||||||"||||‘7|||||||||
-20 15 10 -5 O 5 10 15 20
Average VZ

Ngood .
® Average Z-direction vertex foraevent V. = Z v /Ngood
i=1

® Non-physics background: 5.0 <|V,|< 10.0cm
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2"d K reconstruction

K, selection: charged track after hadronic events selection
v" Re-do track selection
> |Vr|< 10cm, |Vz|<30cm
» Other selection criteria: same
v PID: Prob = > Prob K and Prob = > Prob P
N_,>=1and N_>=1
v" Second vertex fitting: L/o, > 2.0
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K0 systematic study

hadron event selection

Source Cut Default Alternative
veto Bhabha E,uio 0.65Epoam 0.6 ~ 0.7 -Epeam
and yy A# 10° 39 ~ 15°

good hadronic Vir 0.5 cm 1.0 cm
" tracks pltrack) 0.94  Ppeam | 0.92 ~ 0.96 -Ppoam
determination dE [dx cut 10 15
E/ p ratio 0.8 0.75 ~ 0.85
Bhabha momentum limit | 0.65-ppeam 0.6 ~ 0.7 - Pream
isolated photon angle 20° 15% ~ 25°
isolated photon energy 100 MeV 75 ~ 125 MeV
gamma conversion angle 15° 10° ~ 20°
gamma conversion mass 100 MeV 80 ~ 120 MeV
PID ratio value 0.25 0.1 ~04
2 prong events AH 15° 10° ~ 20°
Ad 10° 5% ~ 15°
3 prong events A6 15° 10° ~ 20°
Ad 10° 5% ~ 15°
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K0 systematic study

hadron event selection

Table 7: Summary of systematic uncertainties for inclusive K3

p(GeV) | Hadron event | Hadron track | Vr cut
0.0-0.1 2.0 2.8 /1.0\
0.1-0.2 1.3 1.7 [0.6 )
0.2-0.3 0.7 1.8 [ 1.9 |
0.3-0.4 0.6 0.9 [ 1.3 |
0.4-0.5 0.7 1.7 0.5
0.5-0.6 1.0 1.7 1.8
0.6-0.7 0.9 2.7 3.3
0.7-0.8 1.2 3.8 7.0
0.8-0.9 2.0 2.4 | 04 |
0.9-1.0 1.9 3.4 9.3
1.0-1.1 3.8 5.1 \15.4/
1.1-1.2 7.2 4.9 \3.0/

~=

Nominal cut: VVr = 0.5cm
Alternative cut: Vr = 1.0cm
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K0 systematic study

hadron event selection

Table 8: Comparison of K events using different Vr cut

Momentum MC Exp.Data
p(GeV) 0.5(cm) | 1.0(cm) | Difference(%) | 0.5(cm) | 1.0(cm) | Difference(%)
0.0-0.1 310 323 4.2 25 26 4.0
0.1-0.2 1584 1744 10.1 243 269 10.7
0.2-0.3 2424 2733 12.3 518 594 14.7
0.3-04 2406 2801 16.4 707 811 14.7
0.4-0.5 2423 2813 16.1 679 783 15.3
0.5-0.6 1827 2124 16.3 598 682 14.0
0.6-0.7 1282 1570 22.5 388 458 18.0
0.7-0.8 662 827 24.9 311 361 16.1
0.8-0.9 410 521 27.1 184 234 27.2
0.9-1.0 188 275 46.3 95 126 32.6
1.0-1.1 140 206 47.1 72 89 23.6
1.1-1.2 105 148 41.0 27 41 51.9

Considering 2.7cm decay length, the Ks events production increase dramatically
when the Vr cut vary from 0.5cm to 1.0cm.

Large differences present between MC and experiment data.

2017/10/15
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New method

First: K selection
Second: Hadron selection

First: Kg¥ selection: Method A, Method B, Method C, Method D

Method A: K0 selection Method C: K0 selection
v' Track selection v' Track selection
> |[Vrl<10cm, [Vz|<30cm > |Vrl< 10cm, [Vz|<30cm
»  Other selection criteria: the same with »  No other selection criteria
hadron selection v PID: Prob > Prob K and Prob = > Prob P
v PID: Prob n > Prob K and Prob = > Prob P N, >=1land N, _>=1
N_,>=land N_>=1 v Second vertex fitting: L/o, > 2.0

v Second vertex fitting: L/o, > 2.0

Method B: K selection Method D: K0 selection
v Track selection v Tracﬁ selection
» |Vrl< 10cm, |Vz|<30cm > |Vrl< 10cm, [Vz|<30cm
»  Other selection criteria: Only include > No other selection criteria

Bhabha remove v" No PID: assuming charged tracks are o |,
v" PID: Prob = > Prob K and Prob = > Prob P N_, >=1and N__>=1, loop all the pion pairs

N, >=1 and_N_n_ >=1 v Second vertex fitting: L/c, > 2.0
v Second vertex fitting: L/o, > 2.0

Second: Re-do events selection for Hadronic events
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Comparisons of different methods
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Comparisons of different methods

Table 9: Extracted K{ events and of K efficiency varying with momenta

p(GeV) Method A Method B Method C Method D
Exp.data [ &(K?) | Exp.data | &(K?) | Expdata | &(K?) | Exp.data | &(KD)
0.0-0.1 45.0+15.2 31.2 44.3+15.2 31.2 | 44.7+15.2 31.2 61.5+22.3 31.0
0.1-0.2 | 285.2+24.2 | 41.2 | 285.7+24.3 | 41.3 | 285.6+x24.3 | 41.3 | 245.1+£29.1 | 41.6
0.2-0.3 | 711.5£36.5 | 46.2 | 711.9+364 | 46.3 | 711.0£36.4 | 46.3 | 695.1+46.1 | 46.8
0.3-0.4 | 972.4+40.5 | 47.7 | 972.4+405 | 479 | 972.7+40.6 | 47.9 | 988.1+50.7 | 48.6
0.4-0.5 | 935.3+39.8 | 53.6 | 935.8439.8 | 53.6 | 937.3+39.8 | 53.6 | 946.5+£50.4 | 55.1
0.5-0.6 | 856.0+37.0 | 57.2 | 855.0+36.9 | 57.3 | 854.8+37.0 | 57.3 | 886.9+48.4 | 58.5
0.6-0.7 | 602.3+31.1 | 61.3 | 603.0+31.1 | 61.4 | 602.7+31.1 | 61.4 | 600.6+43.3 | 61.7
0.7-0.8 | 457.0+£25.9 | 60.5 | 456.9+259 | 60.4 | 458.1+26.0 | 60.4 | 495.7+35.5 | 60.1
0.8-0.9 | 311.7+21.2 | 60.9 | 311.3+21.1 | 61.0 | 312.6+21.2 | 61.0 | 354.9+29.8 | 63.8
0.9-1.0 | 190.3+16.3 | 74.8 | 191.9+16.3 | 74.8 | 193.6+16.5 | 74.8 | 216.3+23.7 | 77.1
1.0-1.1 | 136.7+13.1 | 74.2 | 137.6+13.1 | 744 | 140.7+13.3 | 744 | 147.5+184 | 76.8
1.1-1.2 | 87.5+£10.2 | 56.2 88.9+10.3 56.9 89.2+10.5 56.9 | 102.5+154 | 61.8
1.2-1.3 51.1+£7.5 57.7 50.6+0.0 57.9 56.2+9.2 57.9 80.2+19.1 62.6
1.3-14 1.3+1.8 47.8 0.9+1.6 48.6 0.0+3.4 48.6 0.0+13.3 54.2

Methods A, B, C almost have the same efficiencies.

Method D have slight higher efficiencies.
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Comparisons of different methods: Data
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Comparisons of different methods: MC
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Contribution from the beam-associated backgrounds
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Possible cut to remove the beam-associated backgrounds:
1. angle of n*w

Table 11: Extracted K events and of Kg efficiency varying with momenta

B o With angle cut Without angle cut (method C)
500 . 4 o p(GeV) Exp.data s(K‘S)) Exp.data S(Kg)
- e sssocined Bhg 0.0-0.1 | 50.3+19.8 | 30.3 | 44.7«15.2 31.2
400" 0.1-0.2 | 283.8424.3 | 41.3 | 285.6+24.3 413
" - 02-03 | 711.2£36.5 | 46.3 | 711.0+36.4 46.3
- - 03-04 | 972.9+40.5 | 47.9 | 972.7+40.6 47.9
o 300 [' 0.4-05 | 935.4+39.8 | 53.6 | 937.3+39.8 53.6
AT - ; 0.5-0.6 | 854.6236.9 | 57.3 | 854.8+37.0 573
200 _ .y 0.6-0.7 | 602.5+31.1 | 61.4 | 602.7+31.1 61.4
- T it 0.7-0.8 | 457.8£25.9 | 60.4 | 458.1+26.0 60.4
100 x i 0.8-0.9 | 311.3+21.1 | 61.0 | 312.6+21.2 61.0
- »;V"* [ 0.9-1.0 | 193.1+16.5 | 74.8 | 193.6+16.5 74.8
05&,_ B o ed s 1.0-1.1 | 141.1+13.4 | 74.4 | 140.7=13.3 74.4
0O 20 40 60 80 100 120 140 160 180 1.1-1.2 | 89.9+10.5 | 56.9 | 89.2+10.5 56.9
_ 1.2-1.3 | 57.649.1 | 57.9 | 56.2+92 57.9
Angle of *n 13-14 | 0.0+3.5 | 48.6 | 0.0%3.4 43.6

The angle of n*n~ from Kq candidate is required to satisfy:
O(n*m) < 175
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virtual vertex fit
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3.1 Kg selection

To reconstruct the Kg, the common vertex fit is performed for 7™, 7~ pairs by looping all
charged tracks. The charged particles are all assumed as pions when tagging the Kg. The
decay point of the Kg is determined by the common vertex fit. It should be located in the
reasonable region where could be calculated by the K g flight direction from IP considering
the error of IP. The IP is determined by averaging the event vertices in each run, where
event vertices are obtained from the vertex fit on the events with at least 3 charged tracks.
The above constraint between the decay point and the IP is called second vertex fit. The
v? of second vertex fit should be less than 20 to veto the backgrounds. Fig. 1 shows the
distribution of y2 of second vertex fit for the signal, and this cut is safe for signal selection.
Actually, the second vertex fit is the decay length fit. To reconstruct Kg, the I{g decay
point is found by the common vertex fit first. Then we require that the common vertex fit
and the IP(interaction point) should be in the straight line along the K g flight direction in
the decay length fit. The equations are shown blow:

P
rp—xg+—cT =0,
m

p
Yp—Ya+ Ly .r —o,
m
Pz
2p—z2qg+—ecT=0.
P
where (xp, yp, zp) is the IP, (24, ya. zq) is the I{g decay point, (pz, py, p-) is the momentum
of I{g, m is the mass of I{g, ¢ is the speed of light and 7 is the life time of Kg. It is called

2017/10/15
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Possible cut to remove the beam-associated backgrounds:
3. Second vertex fit
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Possible cut to remove the beam-associated backgrounds:
2. Ratio of decay length and decay length error

1400 :—l 4 ome 200
12007 180
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g ot @ 100
w600l » 80
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The ratio of decay length and decay length error from K¢
candidate is required to satisfy:
L/o, <35
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Possible cut to remove the beam-associated backgrounds:
2. Ratio of decay length and decay length error

Table 10: Extracted K¢ events and of K efficiency varying with momenta

Without L/o;, cut With L/o; cut
p(GeV) Exp.data | &(K)) | Exp.data | &(K?)
0.0-0.1 50.3+£19.8 | 30.3 | 53.2+14.2 | 28.1
0.1-0.2 | 283.8424.3 | 41.3 | 283.4+224 | 39.6
0.2-0.3 | 711.2+36.5 | 46.3 | 622.7+31.6 | 41.7
0.3-04 | 972.9+40.5 | 479 | 759.8+34.5 | 39.0
0.4-0.5 | 935.4+39.8 | 53.6 | 663.1+32.3 | 39.1
0.5-0.6 | 854.6+36.9 | 57.3 | 560.8+30.4 | 38.5
0.6-0.7 | 602.5+31.1 | 61.4 | 3354+25.0 | 38.2
0.7-0.8 | 457.8+25.9 | 604 | 242.8+19.2 | 33.0
0.8-0.9 | 311.3+£21.1 | 61.0 | 134.7+14.6 | 30.2
09-1.0 | 193.1+16.5 | 74.8 | 90.3+12.0 | 34.5
1.0-1.1 | 141.1+134 | 744 62.749.3 32.4
1.1-1.2 | 89.9+10.5 | 56.9 36.7+6.7 24.6
1.2-1.3 57.6+9.1 57.9 26.5+6.0 26.2
1.3-1.4 0.0+£3.5 48.6 0.0+586.2 20.2

Efficiencies are largely decreased,
and this cut is not appropriate.
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Events / (0.001)

Beam-associated Backgrounds

250? —_— E
b S w0 it b
200 F775 125 Loas : !
ff ffﬁ f‘H# N C 350! %’W %H % # 4
u % MTT et b 4 =~ 300- #‘W """" At
150 AL g 30 il
- - t [| S 250F
100~ g 20
B 150
50 100 F
- Ry 50 S
m(m* 1) m(n*1)
Non-collision data @ 2.2324 GeV: Non-collision data @ 2.6444:
(215+54)*0.452 = 97.2+24.4 (458 +74)*0.442 = 202.4+32.7
Total fitted Ks number at 2.8000 GeV:

5661.6

For Non-collision data @ 2.6444, the uncertainty is :
202.4/5661.6 = 3.6%

For Non-collision data @ 2.6444, the uncertainty is :
97.2/5661.6 = 1.7%
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Comparison with last result

Table 12: Extracted K{ events and of K efficiency varying with momenta

do ./(o,,4dP

p(GeV) This result Last result
E Exp.data | &(K)) | Exp.data | &(K})
0.35( : —4— This result 0.0-0.1 | 503198 | 30.3 | 253%57 | 27.3
. 03FE % 0.1-02 | 283.84243 | 413 | 2434x17.7 | 34.0
R - i # Last result 02-03 | 71124365 | 463 | 518.7+26.2 | 36.1
0.25 : 0304 | 972.9+405 | 47.9 | 708.0£30.6 | 335
02F 04-05 | 935.4+39.8 | 53.6 | 679.4+30.8 | 37.2
- 3 0.5-0.6 | 854.6+36.9 | 573 | 599.0+28.3 | 37.4
0151 f 0607 | 6025+31.1| 614 | 3883+233 | 365
01 ¢ ; 0.7-0.8 | 457.8225.9 | 60.4 | 311.8220.0 | 333
- 0.8-0.9 | 311.3+21.1 | 61.0 | 1842+15.8 | 33.7
0.05 3 ¢ 2 0.9-1.0 | 193.1£165 | 748 | 958=11.4 | 2838
oF e, L0-1.1 | 1411x134 | 744 | 726895 | 24.6
Eooov b b b e 1.1-1.2 | 89.9+10.5 | 56.9 27.9+5.7 20.3
0 0.2 04 0.6 0.8 1 1.2 1.2-1.3 | 57.6+9.1 | 579 | 15.4+4.1 10.6
p(KO)(GeV) 13-1.4 | 00235 | 486 | 0325 | 42
S

Efficiencies are improved
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Summary and outlook

* For the inclusive K% and =® production @BESII|,
we could provide

v'relative cross section of pion @ 2.800 GeV.
v'Preliminary systematic uncertainty.
« To do list
Model dependent uncertainty

Similar study for other energy points (2.396GeV,
2.6444GeV, 2.90GeV, 3.08GeV, 3.40GeV, 3.65GeV)
taken for R value in 2012 and 2015.



Backup

Fragmentation Function:

1 dO'Ho _ 1 O'No(pf)
Chada AP Npaa/(L- Ehaa - (1 + O)paa) AP
_ 1 No(p) /(L - g0(pi) - (1 +6)p(pi)
Nhaa /(L - €paq - (1 + paa) Ap

_ Nao(p))  Enaa (1 +0)pad
Nhad ' Ap gﬂo(pi) (1 + 5)1r0(pi)

MC det MC det . MC truth

o Ny with 158 N0 i 1sr(P) 146 N i 1SR

had — NMC ruth om0 T NMC truth ( _)’ o NMC truth
had with ISR 0 with ISR PDi without ISR
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Backup

Fragmentation Function:

1 dO-JTU _ Nnﬂ(pi) Ehad (1 + 6)had
Ohad AP Nhag - AP E0(pi) (1 +0)0(p;)

_ Nao(pi) _ N jgg 35;1 ISR %iu‘iﬁgﬁr 1sr(Pi)

Nhaa = 2p N, fﬁg ;};?égur isg N %Zﬁ;r IS R(p i)
_ Nao(pi) Nys oih ISR . Niad orthous ISR

Niad = 8P [N it 1sx P NS 5P
_ Nau(pi) C

Nhaa - AP

Two methods

Typical example: Typical example:
OPAL collaboration in LEP Belle collaboration
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Backup

OPAL collaboration :

1 dO-JTU _ Nnﬂ(pi) Ehad (1 + 6)had
Ohada AP Nipaa - Ap  &0(pi) (1 +0)0(p;)

_ N (pi) Nond i 1SR _ %i;fgﬁr 1sr(Pi)
Nhaa = 2p N, fﬁg ;};?égur isg N %Zﬁ;r IS R(P i)
_ Nao(pi) Npad o 1R . Niad orthous ISR
Nhaa - Ap |N %iﬁ?rsxe(p ) N %%ﬁgﬁz 1sr(Pi)
_ Nn(pi) C
Niaa - Ap

Two inclusive MC samples:
One with the ISR open and another with the ISR off
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Belle collaboration:

Backup

I dow _ Np(pi)  &haa (140
Thad AP Nipaa - AP Ep(pi)) (1 +06)0(p;)

_ N (p) N Md ah ISR %i;fgﬁf 1sr(Pi)
Nhaa - AP fﬁg ;};?égur isg N %Zﬁ;r IS R(P i)

_ Nao(pi) Npad o 1R . Niad orthous ISR
Nhaa - Ap |N %iﬁ?rsxe(p ) N %%ﬁgﬁz 1sr(Pi)

_ No(pi) c
Niaa - Ap

Only one inclusive MC samples:
Total isr photon with energy < 0.5%xvs / 2 : No ISR events

2017/10/15
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_uminosity of Data in 2012 and
2015

~ ®
8_ 120 - Points selected 3'08+ 2015 Data
~— B (:)
> 100 290 ! 2012 Data
n B
_g 80 - 2.396
E 60fF ©
1 -
40 :_ 2(5444
20 :_ . 0 o L
0; T-.:.v. e .%jo. o .363077".6'.65. o
2 2.5 3 3.5 4

Center of Mass (GeV)
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Entry

K. : momentum resolution &
binning

7000 - hResoP ? 16
C 4T . Entries 201406 5] R
- £ _ Mean 0.4544 = C
6000 — # % RMS 3.256 E 14—
= # \ 22 I ndf 132037 | 2 C
- - Constant 6494 + 21.4 —
5000— ; Mean  05001+00082 | ¥ 12
- { ) Sigma 2.797 £ 0.009 A —
. > y E 1 .0 I
4000 i = _
C F 3 - E —
- o 08 —
3000 -
C ‘ 0.6/
2000— * C
C . e 0.4—
1000~ - T 02
O :.‘i...i";-l.i"; 1 1 | 111 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 | I'.‘;.‘.-I“. O - i ' -| | | | | | | | 1 | | | | | | | | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
=10 -8 -6 -4 -2 0 2 4 6 8 10 0. 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
KS (P ye-Phad) (MeV) Truth Ks mom. (GeV)

® Ks: momentum resolution 2.8MeV

® Ks: momentum bin width 100MeV



Possible cut to remove the beam-associated backgrounds:
1. angle of n*w

Table 11: Extracted K events and of Kg efficiency varying with momenta

B o With angle cut Without angle cut (method C)
500 . 4 o p(GeV) Exp.data s(K‘S)) Exp.data S(Kg)
- e sssocined Bhg 0.0-0.1 | 50.3+19.8 | 30.3 | 44.7«15.2 31.2
400" 0.1-0.2 | 283.8424.3 | 41.3 | 285.6+24.3 413
" - 02-03 | 711.2£36.5 | 46.3 | 711.0+36.4 46.3
- - 03-04 | 972.9+40.5 | 47.9 | 972.7+40.6 47.9
o 300 [' 0.4-05 | 935.4+39.8 | 53.6 | 937.3+39.8 53.6
AT - ; 0.5-0.6 | 854.6236.9 | 57.3 | 854.8+37.0 573
200 _ .y 0.6-0.7 | 602.5+31.1 | 61.4 | 602.7+31.1 61.4
- T it 0.7-0.8 | 457.8£25.9 | 60.4 | 458.1+26.0 60.4
100 x i 0.8-0.9 | 311.3+21.1 | 61.0 | 312.6+21.2 61.0
- »;V"* [ 0.9-1.0 | 193.1+16.5 | 74.8 | 193.6+16.5 74.8
05&,_ B o ed s 1.0-1.1 | 141.1+13.4 | 74.4 | 140.7=13.3 74.4
0O 20 40 60 80 100 120 140 160 180 1.1-1.2 | 89.9+10.5 | 56.9 | 89.2+10.5 56.9
_ 1.2-1.3 | 57.649.1 | 57.9 | 56.2+92 57.9
Angle of *n 13-14 | 0.0+3.5 | 48.6 | 0.0%3.4 43.6

The angle of n*n~ from Kq candidate is required to satisfy:
O(n*m) < 175
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Possible cut to remove the beam-associated backgrounds:

400 {' —+- oaa 120

350
300
250
200
150
100

50

—+— Data

Beam-associated Bkg

Beam-associated Bkg

1 100

Events

IIII|IIII‘I\I\llllllllllllll\|\H\|\III|IIII
Events

14
L ool e oL JIL._._J..‘..J b e 1 e
-0.2  -0A1 0 0.1 0.2 0.3

p(r) - p() To-Ty

>
wr

The events with angle of =*x- smaller than 175° come
from cosmic rays.

Cosmic rays (at the sea level):

Due to the cascade shower, most components are muon (~75%) and proton(~2%). And
the average momentum of muon is about 4 GeV.
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Remove the cosmic ray evets

1200
1000
800
600
400
200

Events

—— Data

Beam-associated Bkg

Remove the cosmic rays: [T(n*) — T(x)| <5
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Possible cut to remove the beam-associated backgrounds:
3. Second vertex fit

After the cosmic rays cut applied:

10° o 440
i 430

il Beam-associated Bkg 420
o 400
390
380
370
360
350
105w et et Yo+t e o
0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300
%2 of second vertex fit %2 of second vertex fit

S/VS+B

Events

10°

o

S are the qgbar MC and (S+B) are experiment data

Remove the beam-associated backgrounds: y2(second vertex fit ) < 120
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Possible cut to remove the beam-associated backgrounds:
3. Second vertex fit

After y?(second vertex fit) < 120 cut applied:

7JLJLlIlJLJLJV'::\.l“"‘-IJ\l‘lJLJLJLL\
(9.47 048 049 05 051 052 053

m(m*t)

N
§ :2 %ﬂ H}H %%ﬁﬁ%ﬁﬂﬁt##Hjﬂﬂlm mﬂj % . ﬁ, | ﬂf H}HH 1## ﬁﬂ%ﬁ

I Ll.ul\.-*.":‘.T"wl.u R R
(9.47 048 049 05 051 052 053

m(mtn)

Non-collider data at 2.2324 GeV

Non-collider data at 2.6444 GeV
Extracted Ks events: 27.54+-43.3

Extracted Ks events: 91.34+30.2

(27.5+43.3)*0.452/5582.9 (91.3130.2)*0.442/5582.9

=(12.14+19.1)/5582.9 =(40.4113.3)/5582.9
=0.2% =0.7%



Explanation for the cut of second
vertex fit

3.1 Kg selection BAM-69m Yan Liang

To reconstruct the Kgr_._ the common vertex fit is performed for 7.7~ pairs by looping all
charged tracks. The charged particles are all assumed as pions when tagging the Kg. The
decay point of the Kg- is determined by the common vertex fit. It should be located in the
reasonable region where could be calculated by the Kg- flight direction from IP considering
the error of IP. The IP is determined by averaging the event vertices in each run, where
event vertices are obtained from the vertex fit on the events with at least 3 charged tracks.
The above constraint between the decay point and the IP is called second vertex fit. The
2 of second vertex fit should be less than 20 to veto the backgrounds. Fig. 1 shows the
distribution of y? of second vertex fit for the signal, and this cut is safe for signal selection.
Actually, the second vertex fit is the decay length fit. To reconstruct Kg, the Kg decay
point is found by the common vertex fit first. Then we require that the common vertex fit
and the IP(interaction point) should be in the straight line along the Kg flight direction in
the decay length fit. The equations are shown blow:

where (7, yp, zp) is the IP, (x4, yq. 2q) is the Kg- decay point, (p,, py. p.) is the momentum
of Kg._ m is the mass of Kg-, ¢ is the speed of light and 7 is the life time of Kg. It is called
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Explanation for the cut of second
vertex fit

Tr+
Dz 3
Tp— T4+ —cT =0,
;Tl- Expected decay length e Za
Iy Iy y —_— /
yp_yd+_CT_Oa X0 Yor Z /
m P~ Real"decay length
P=
Zy, — 24+ —c1t =0.
P m
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Table 13: Extracted K\ events varying with momenta

Table 14: Extracted Kg’ efficiency varying with momenta (%)

p(GeV) Before y”(second vertex fit) | After y*(second vertex fit) | Differences  p(GeV) | € before y* cut | & after y cut | Differences
0.0-0.1 50.3+19.8 26.1+8.8 242 0.0-0.1 30.9 30.7 -0.1
0.1-0.2 279.94+24.3 272.6+19.8 -1.3 0.1-0.2 41.1 41.0 -0.2
0.2-0.3 702.6+36.2 668.4+30.3 -34.2 0.2-0.3 46.0 459 -0.1
0.3-04 969.3+40.5 941.1+36.0 -28.2 0.3-04 47.5 47.7 0.2
0.4-0.5 934.7+39.8 039.3+35.7 4.6 0.4-0.5 53.0 53.0 -0.0
0.5-0.6 853.8436.9 861.1+£34.3 7.2 0.5-0.6 56.9 57.1 0.2
0.6-0.7 601.4+31.0 609.8+29.1 8.4 0.6-0.7 61.1 60.7 -0.4
0.7-0.8 456.5+25.9 463.0+24.5 6.5 0.7-0.8 59.8 59.8 -0.0
0.8-0.9 310.6+21.1 319.3+£20.5 8.7 0.8-0.9 60.7 60.4 -0.4
0.9-1.0 193.5+£16.5 191.1£15.9 -2.5 0.9-1.0 74.6 74.5 -0.1
1.0-1.1 140.8+13.4 141.9+13.2 1.1 1.0-1.1 73.9 74 .4 04
1.1-1.2 90.5+10.5 90.9+10.5 0.4 1.1-1.2 56.7 57.1 04
1.2-1.3 58.3£9.1 58.4+9.1 0.0 1.2-1.3 57.6 57.6 -0.0
Total events 5642.3 5582.9 -59.4
Beam at 2.2324 972 +244 12.1£19.1 -85.1
Beam at 2.6444 202.4+ 32,7 40.4+13.3 -162.0
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Possible cut to remove the beam-associated backgrounds:
3. Second vertex fit

4
1 04 = —4— Data 10 E —+— Data

Beam-associated Bkg

Beam-associated Bkg

10° -

Events
Events

10% =

b b b b b b P P B 10;\|||||||\||\\|I\II‘\I\\-_I_'___l...l“ll‘.""l|"'.
0 20 40 60 80 100120 140 160 180 200 0 50 100 150 200 250 300 350 400 450 500
x? of virtual vertex fit x2 of second vertex fit

440
430
420
410
400
390
380
370
360
350
v b b b b e by by |
340 50 100 150 200 250 300 44
x2 of second vertex fit

S/VS+B

o
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