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Intro R

o Already presented at Phys Perf meeting on 19/12/2019
@ work documented in B2Note BELLE2-NOTE-PH-2018-038

» submitted to invenio on for review just before winter break

> review committee: Bryan (chair), Sasha, Torben J = vy
» proclO plot and numbers not in the note, yet: will do in these days AN
@ Today: show same plots using procl0 exp 7+8 g WZ _ 0
> release-04-01-01 S nommow
» using GoodRuns only. 4S, Scan, and Continuum 4 77/ — 7](—> 7’7)7T+7T—
» No change at all in selection, fit, or anything v/ 77/ —n(— 7T+7T*770)7T+7T*
> selection and fit models in the note (and in backup) 4
» Compare with proc9+prompt  opomw
* same integrated lumi v (975) — 7t

* similar results as in proc9 alone J/
» Number also for MC12d (Run dependent, 10fb™ ", rel-03)
* Not looked at MC13a/b yet

» Comparison also with Belle (10.5fp™") [Pt®°17 (Ot 2000 309318) \y oy
available

n = p(— T )y

S.Lacaprara (INFN Padova) Eta’ in procl0 Padova 30,/01/2020 2/10


https://indico.belle2.org/event/1425/contributions/6820/attachments/3353/5112/PhysPerfNeu_EtaPrime_20191219_1.pdf
https://docs.belle2.org/record/1218?ln=en
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Belle I
4 ) ( A
procl0 exp 7+8 proc9+prompt exp 7+8
% 1200 i1g‘e||ei| 20190 Prefiminary ' o | ‘ 1 N élge‘ne 12010 Preliminary” | 1
I [ Data ] I Data
E thaZiz:leéEf?P procio i Fit 1 E 1o ;}hLats;:Ez’s.r;zgfL:B i Fit 7:
o 1000 [ signal 7 o L [ signal ]
8 C == Background ] 5 800|— == Background _|
S L ] S r ]
O 8001~ (22027.29 +12.16) 10° cfndidates 7 IS [ (21582.65 +12.78) 10° cang ]
E [ u=(132.914 +0.003) Me ] S 600/—y=(132.135 £ 0.004 ) MeV, ]
S 600 —g= (5786 +0.003) Mg - E L 0=(5.742 +0.003 ) MeVj 4
i [ E,>120 MeV 4 *q:: 400 _E>120 MeV b
400 S — S r
LTIV 1 & i
2001~ . 200~
s 0.16 - : 0.14 0.16
L M,, (GeVic?) ) L M,, (GeV/c?
p
| Proc10 Proc9 MC12d poor fit (CB+Ch(2)) .
Y [1E6/fb~" ] | 3.569 & 0.002 3.375 4 0.003 3.367 4 0.001 NB: not the official 7
w[MeV ] 132.914 + 0.003 132.118 +£0.005 133.692 + 0.002 selection
o [MeV ] 5.786 + 0.003 5.732 + 0.004 5.270 + 0.002 E,y > 120 MeV in all regions
(. J
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Belle I
e N e N
procl0 exp 7+8 proc9—|—prompt exp 7+8
.:: 900005 Belle 11 2019 Areliminary ' i T T T T T E| “": E Belle 11 2019 Areliminary | T T T T T T R
S T S S e = o
2 70000 = R BEchmund = 2 70000 R Bfg(agrnund E
o E E o E 3
S 60000~ - S 60000 -
o E. = o = |
g 50000 — —: g 50000 — =
) E B 4] E E|
§ 40000 4 $ 40000~ —
7 E El 2 = 3
w 30000 — 3 w 30000 —
F (50553 +338) 10° candidate: E E (509.84 +3.40) 10° candidate; E|
E u=(54154 £0.07) MeVic? 3 20000 - (540.49 + 0.08 ) Mevic?, 3
10000 =0 = (1289 +0.07) MeVic 3 10000 -0 = (13.38 £0.07) MeVig 3
E E| E E>400 Mev 3
P Y B R O S S SO IR
055 06 05 055 06
M,y (GeVv/c?) M, (GeVv/c?)
(. (. J
( )
Procl0 Proc9 MC12d o "
— | shift in peak position by 1 MeV wrt
V[E3/fo ]| 8LO£05 826+06 531+04 .4
p[MeV] © | 5415+01 540501 545101 "0
o1 \
o [MeV ] 129401 134401 121401 P
J
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N\ 4 N\
proclQ exp 748 proc9+prompt exp 748
o el LT T T T 12010 Prefiminary o oo T T T T T Behd i 2010 Prefiinary_ g
<§ 14000 E + D.a‘a Phase 3 - exp 7+8 3 <Q :% D_ata Phase 3 - exp 7+8 ]
> [ — Fit - o 12000 — Fit -
2 12000 M Signal E 8 muooz Signal E
=] f == Background B = f == Background B
S 10000(— — o ]
~ E | ~ 8000 -
% sooo;— J'L dt=6.17 o™ E % . IL dt=6.17 b E
o (81.0 +1.0) 10° candidates 7 i (68.2 £0.9) 10° candidates
4000 W= (545.46 +0.09) MeVic2 ] 4000 = (544.80 +0.09) MeV/ic2
E 0=(6.86 +0.11) MeV/c? ] 0=(6.76 £0.10) MeV/c? ]
2000~ E>0.30 GeV - 2000 E>0.30 GeV =
N e, 1, ]
e e e P = R AP B
5 E. e TN 1 ‘| E| = T T I I e .
a SES IR YR e a TR YRR TFRHHTEE
Og : : : 0‘52 : : 0.‘54 : 0‘55 : : : ‘ : : : 5,6 0‘52 : : : 0‘54 : — 0.‘56 : : ’0‘58 : : : 66
M, e (GEVIC2) M, e (GeVIC2)
(. J (. J
'd R )
| Procl0 Proco MC12d also ~ 1 MeV shift wrt proc9
- - Rel. eff.: S1=3T) . 5g
Yield [1IE3/fb™" ] | 13.13+0.16  11.05+0.15 7.70 £ 0.50 el. e =) 28%
I [mex ] 545.46 +0.09 544.80£0.09 546.56+0.21  (Can be used to test tracking eff
o [MeV ] 6.86 £0.11 6.76 +£0.10 6.22 +0.29 comparing to 7 — 77?
(. J
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e N e N
procl0 exp 7+8 proc9+prompt exp 7+8
~ L e e e PN A S e T T T
i—’ 1400 —I- Data 4 Belle 11 2019 Preliminary — i—’ [ I Data Belle 11 2019 Preliminary 7
> [ — Fit Phase 3 - exp 7+8 proc10 ] > [ — Fit Phase 3 - exp 7+8 ]
3 uoof Slignal J—L Ate6 17915 E g e Sli gnal IL dt=6.172~fb™ ]
§ 1000 === Background - § 00| = Background i
s £ A S [ +
= 800 — — = S +
@ F 3 9 oo 7
S 600[— - S r ]
il E (5.83 0.14) 10° candidates ] @ a0f (5.22 £0.16 ) 10° candidates -]
4001 W =(957.16 +0.09 ) MeV/ic? E p=(957.13 +0.10) MeV/c? E
200l 0=(282 £012)MeVic? ] 200 5, 0=(312 +0.14)MeVic®  —
£ E,,>0.40 GeV ] E,,>0.40 GeV p
N R B I [ I R
_ ET T LT o _ R T R i B,
2 T Ty ey g o Aol ™ol g S
B e R I S S R B I =
0.92 0.94 0.96 0.98 1 0.92 0.94 0.96 0.98 1
Myyrer (GeVIe"2) Myyrer (GEV/CN2)
(. J |\ J
4 N\
| Procl0 Proc9 McC12d L ield
Yield [IE3/fb ] | 0.95+0.02 0.85 -+ 0.03 1.16 + 0.01 Sligss sl
e o o o o o o .
o improved (better than MC12d)
w [MeV ] 957.16 £0.09 957.13£0.10 957.19 +0.05 Belle (10 5 fb—l) o = 2.7MeV
o [MeV ] 2.82+0.12 3.12+£0.14 3.12 +0.04 ’ -
(.

J
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([ proclO exp 7+8 ) ( proc9—|—prompt exp 7+8 )
—~ — : — - — T 3
i 600: Belle 1 2019 Prellmlnar i %, as0E Belle 1 2019 Prehmmar =
2 :i E:ta ++ Phase 3 - exp 7+8 proc:)llo 1 S’) £ i E,?ta + Phase 3 - exp 7+8 ’ E
S soor I signal L dt=6.172fb™" 3 8 o F I signal L dt=6.072 6 E
g 4002“ Background 1 +é g» 350; === Background E
200 [ = (1.77 £0.15) 10° candidates 150; (1.38 £0.14) 10° cand\datesié
£ = (955.06 £0.56) MeV/ic® ] oL =(955.10 £0.59) Mev/ic® 3
100~ (9.49 £0.64) MeVic? 3 = (893 £0.69) MeVic? 3
F .40 GeV ] 5"; 0.40 GeV E
= g? -— ' . j T E _ g? T T T T T T E
B R B B B gt R S
25 - D.‘gs - ‘ —= I a— - 0‘95 - ‘1 —=
M (GeV) M (GeV)
\ \ J
s N
\ Proc10 Proc9 MC12d Still a poor peak
Yield [IE3/fb * ] | 029+£0.02 0224002  0.36 +0.01 Yield ~ 1/3 of 0/ = n(— yy)r 7~
w [MeV ] 955.06 = 0.56 955.10 £ 0.59 955.74 4+ 0.33 rel eff: 5(371-/27) =0.52+0.05
o [MeV ] 9494064  893+069  9.31+0.44 not used in Belle 10.5 fb
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e N e A
procl0 exp 7+8 proc9+prompt exp 7+8
x10° X
~ e e e e e ~ 240710‘3 L L e S =
2 200 Belle Il Prellmlnary 3 2 220 Belle Il Prellmlnary 3
V] Phase 3 - exp 7+8 proc10 o Phase 3 - exp 7+8 E
0 180F = o  200F =
S ek E S 1sof E
S 160F = S 8 E
= o ILdt=6.172 b E = 160 ILdl=6.172 b =
g 120i 3 g 140;7 7;
E 1oo§+ Data (1353.1 +130)10° p 0 3 E 120 ¢ Data (15730 £13.7) 10° p 0 -
F it B o= (7543 £03) MeVig 100F — Fit B o= (7543 £03) MeVig
80§-p0 po =(139.2 £1.4) MeV/d 5o, W p, pn = (1418 +12) MeVie]
E L= (9710 0.8) MeVic] Fag! ,=(971.9 £0.8) Mev/c]
ULO (13.0 £0.1) MeV/c*] Background GLO (13.0 £0.1) MeV/c*]
E>0.60 GeV é E>0.60 GeV E
08 09 1 . %6 o7 os R .
M (GeV) M (GeV)
(. J (.
( )
Stable wrt to proc9
Lower yield but might be due to fit
fit model: BW (p) + Gauss (fy) + Cheb(1) not very good to model data, expecially for p )

S.Lacaprara (INFN Padova) Eta’ in procl0 Padova 30,/01/2020 8 /10



n = p(= T )y

<X

Belle I
e N s N
procl0 exp 7+8 proc9+prompt exp 7+8
> Fgaienzowpreimnay | . E B Feelle n2010 pletiminary 'z 4 ]
2 7000 -Phase 3 - exp 7+8 proc10 g 8 3500 EPhase 3 -exp 748 g
§ 6000; L dt=6.172~fb™ B é § ao00[[ L dt=6.172~1b™ é
\\; soooi— é E 2500 E
§ 4000: é § 2000 E
w £ B i1} £ 7
3000 [ 3 3 1500 N e
E Yield = (11.51 +0.44) 10° cands I Data E| F Yield = (5.40 +£0.34) 10° cands —} Data B
20001 = (954.1 % 0.3 ) MeV/c® — Fit E 10001 = (953.8 +0.4) MeVIc? — it =
1000 ;a =(7.0 £0.3) MeV/c? Signal j 500 0= (75£05) Mevic? Signal E
E E,>0.6 GeV E,>0.6 GeV == Background 3 E E>0.6 GeV E>0.6 GeV == Background 3
o L 1 . ; R Z;‘ A 1 — 1 . ; - =
E e o L T By el o R
i | L 3 2E P T U S SR N R =
0.85 0.9 0.95 1 1.05 0.85 0.9 0.95 1 1.05
M (GeV) M (GeV)
\ J . J
'd . . )
| Procl0 Proc9 MC12d Larger yield: in proc9/bucket?
Y[1E3/fb '] | 1.86+007  088+005  0.88+0.03 (alone) was 1.45/0.78
w [MeV | 954.06 +0.26 953.83+£0.41 956.23+£0.22  &(py/1n.,,2m) = 1.1 £0.06
o [MeV | 7.02+028  7.46+£047  6.12+0.18 Belle (10.5fb ') o = 8.8 MeV
(.
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n and i’ stable in proc10 wrt proc9
Some improvements in yield and in resolution

Comparison with Belle with similar luminosity (10.5fb™") shows
similar /better resolution for Bellell.

TODO list

» Update note with procl0 results
> look at MC13b (run dependent)

Review process can proceed with current note

Conclusion and outlook

Goal is to have " plots (pdf) approved for Moriond

> exp3 proc9
> exp7+8 procl0

S.Lacaprara (INFN Padova)
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Light meson rediscovered
v - Yy
o=y
o — rtr7°

v i = n(=yy)ntaT

v i s (= atr n)at e
opoataT
v o(975) = n T

o s p(= T )y
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https://docs.belle2.org/record/1218/files/ApprovalPlots.pdf?version=3

Wy Additional stuff e

Belle I

Additional or backup slides )
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0
T /n =y
o Preselection: . o
@ gamma:tight n—owTnTw
> in the CDC acceptance o Preselection:
0.296706 < 6., < 2.61799 e pi:all
> cIusterErrorTwmg < leb » in the CDC acceptance
> E, '> 50 MeV in barrel and forward » 2 > 0.0001
region . . » dr < 0.5 and |dz| <2 cm
> EAY > 75MeV in backward region .
> Ny > 15 o Selection: .
> Ey/Ex > 0.7 > yasinm
. » E > 200MeV
. y
® Selection: > 110 < M, < 150 MeV.
> Eg/E21 > 0.9 0
» E, > 120 MeV (7°) @ TreeFitter with 7~ mass constraint

» E, > 400 MeV (1)
@ TreeFitter
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¥y Selection 7’ NN

Belle I

n = n(—=yy)xtn~ n = n(— T 7)nteT
N =Y o = vy
> 7 gamma:tight from stdPhotons
> in the CDC acceptance:
0.296706 < 0., < 2.61799
» Cluster: Ny > 1.5, Eg/Ey > 0.7
> E, > 400 MeV

>  gamma:gamma:tight from stdPhotons
> in the CDC acceptance

0.296706 < 6., < 2.61799

Cluster: Ny > 1.5, Eg/Ey; > 0.7

v

> E, > 200 GeV
o > 110 < M o < 150 MeV
> d.(7) < 0.5 cm, |d,(7)] <2 cm > p_o > 400 MeV
» P(x%) > 0.0001 ot
> p, > 400 MeV g
» d,(7) < 0.5 cm, |d ()] <2 cm
° M GeV > p. > 400 MeV
> 0.48 < M., < 0.58Ge _
> p, > 400 MeV o 7 510 < Mn < 580 MeV
/
e n:09< Mwwi < 1.1GeV en:09< Mn/ < 1.1GeV
@ TreeFitter with n mass constraint @ TreeFitter with  and 7° mass constraint
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=y Sclection n = p(— 7 1)y NN

Belle I

e p—mim

> pr > 0.6 GeV

» 0.57< M, <095Gev 7
@ 7 gamma:all from stdPhotons

» 0.296706 < 0 < 2.61799

» Cluster: Nhits > 1.5, Eg/E21 > 0.9
> E, > 0.6 GeV

0
@ 7 veto

> select one v from ROE and build M, ,

- M < 120 or > 145 MeV .
0 —veto or Figure: Distribution of invariant mass of v « candidates

o TreeFitter w/o any mass constraint for ° /1 veto.
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Fit models NN

071'0%")/’}/

> Novosibirskl + Chebychev(2)
°n =7
» Novosibirskl + Chebychev(2)

e n— rtaa°

» Crystal Ball + Chebychev(1)
/ + -

n —=n(=yy)r'

» Crystal Ball + Chebychev(1)

+ +

o s n(—war 7)rta

» Crystal Ball + Chebychev(1)
o p—mtrT, fo(975) —» 7w

» Breit-Wigner for p + Gaussian for f; + Chebychev(1)
o = (=T )y

» Gaussian + Chebychev(2)
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