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D
Intro R

B-physics at CMS
@ goal of this work is to rediscover 1 and 1" particles in (particle list )
Phase2 data o 0 vy
o JIRA ticket is BIIPH2-62 o p—ata”
) Genera.l strateg.y IS: a Kg s
Define selection based on MC K K-
test selection on large DataChallenge dataset (inclusive MC ® ¢
w/o MC truth) °on =
run on Data Phase2 (exp3, Prod5) °on— =l
_ _ o n = (=)
This presentation o 7 = (= 7r+7r_7r0)7r+7r_
Collect the work done so far / =
o = p(=om T )y
(. J
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D
Dataset used O

o MC esclusive
» B = = (= yy)ntn K (= atn)
» B oy wp(oar m)rtn K(—ata)
» B =50 = p(= atn WK(—= 7ha)
@ MC inclusive
> Mixed
> cC
e DC
» skim TDCPV (ProdID 5142)
> N events (post skim) 59830371
» Confluence page
o Data
> exp3, Prodb, skim Hadron [[nTracksLE>=3] and [Bhabha2Trk==0]]
Runs: 529:5613: Lumi: 472 pb™*

exp3, Prod6, skim Hadron [[nTracksLE>=3] and [Bhabha2Trk==0]]
Runs: 529:5613: Lumi: 491.5 pb "

vy VY
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https://confluence.desy.de/display/BI/Data+Challenge+skims

D
a4 (Code 'R

@ git repo: ssh://git@stash.desy.de:7999/ lacaprar/etaprime.git
@ etaprime/Jupiter
@ processing in EtaProcessing.py|ipynb

@ analysis in PiO|Eta|EtaPrime. . ..ipynb
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0 — 7y reconstruction

Belle I

Selection:

@ gamma:piO from stdPhotons

0.296706 < 0, < 2.61799
|clusterTiming| < clusterErrorTiming
or E > 0.1GeV

E,/Eqy > 0.3 or E > 0.1 GeV

@ 50MeV < E, < 6GeV

o Ey/Ey > 0.75

o Cluster: Ny, > 1.5, Eg/E>; > 0.9
e Varing E, > 60 — 160 MeV

UML Fit with CristalBall + Chebychev[1]

S.Lacaprara (INFN Padova)

<X

Invariant Mass plot for Data Prod6, ~ 200 nb~?
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D .
= ~v~ Data - MC comparison O

Data - Phase 2 Prod 6 Montecarlo - Phase 2 BGx1
— 77— — 7
16000

(o2} L D: 4 L o 4
N L Belle Il Preliminary - DataProd6 i r:‘a E 8 L Belle Il Preliminary - MC_phase2_B i r:‘a 4
5 14000/ Yield = (511548 + 17397 ) cands = signal B Q 5000[ Yield = (100844 + 715) cands = Signal B

[ 2 == Background ] Fo B === Background 4
- [ 1=(0.1318 +0.0001 ) GeV/c b - [ 1=(0.1333 £0.0000) GeV/c ]
> 12000k 0.0051 + 0.0000 ) GeV/c? B > [ 0=(0.0050 +0.0000) GeV/c? ]
8 [ a=(0.9088 +0.1597) ] 8 4000]- @ =(0.9196 +0.0204) ]
NS [ E_y>0.12 GeV ] = [ E_y>0.12 GeV ]
~ 10000~ - — ]
a r B a ]
c F ] S 3000 -
9] = - S ]
> r ] > b
w L ] w ]

=] =]
o o
01 012 .0.14 016
M (GeV)
Nice agreement on o, on MC peak is a bit shifted wrt Data J
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7 — ~~ Data Prod5 vs Prod6 comparison NN

Data - Phase 2 Prod 5 Data - Phase 2 Prod 6

~ 12000 T i T T T T T

L Dat: 4 L Data 4
g | Belle Il Preliminary - DataProd5 i p?a 4 g L Belle Il Preliminary - DataProd6 i r: ]
g L Yield = (327168 +4415) cands = signal ] g 14000f Yield = (511548 + 17397 ) cands [ signal |
< 10000F ;= (0.1314 +0.0000 ) GeV/c? S Backgound < [ 1= (0.1318 +0.0001 ) GeV/c? S Beckground
> [ o=(0.0053 +0.0000 ) GeV/c? ] > F 0 =(0.0051 + 0.0000 ) GeV/c? b
8 [ a=(0.9211+0.0473) ] 8 120001 ¢ = (0.9088 +0.1597 ) 7
8000 E_y>0.12 GeV - N [ E_y>0.12 GeV ]
= r 1 ~ 10000~ -
@ 6000~ ] @ 8000 -
o [ B > r ]
w r B w C ]
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Pull
Pull
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Peak position unchanged (A ~ 0.4 MeV), width: Prod6 5.1 MeV, Prod5 5.3 MeV, so 4% improvement. J
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= vy MC BGx1 - BGx0 comparison (N

MC - Phase 2 BGx0 MC - Phase 2 BGx1

— -7 — — 77—
[} [ ] [ ]
N 6000F gejle 11 Preliminary - MC_phase2_| i E:‘a 4 8 L Belle Il Preliminary - MC_phase2_B i E:‘a 4
o2 [ Yield = (100393 + 605 ) cands = signal 1 Q 5000[ Yield = (100844 + 715) cands = signal 4

ro_ 2 == Background T Fo B === Background 4
= so00f M=(01327 £0.0000) GeVic E - [ = (0.1333 £ 0.0000 ) GeV/c ]
> L 0.0041 + 0.0000 ) GeV/c? i > [ 0=(0.0050 +0.0000) GeV/c? ]
@ [ a=(0.7602 +0.0140) 1 @ [ a=(0.9196 +0.0204) A
O] (O 4000
Z 000l EY7012Gev B s [ E_y>0.12 GeV 1
= [ ] < L ]
[%) r b %) F E
= r ] £ 3000 ]
S r B C ]
2 3000- 1 4 [ ]
w F 4 w r ]

2000 3 F
5 5
o o
0.16
M (GeV)
Peak position shift by 1 MeV, width increase by 1 MeV J
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0 — vy MC BGx1 - DC comparison N

MC - Phase 2 BGx1 Data Challenge - Phase 3 BGx1
-~ T T T T ~ upgm———— 17— ————————7———————
o [ Belle Il Preliminary - MC_phase2_B — Fit ] % 2200; Belle Il Preliminary - DC + : E:ta E
8 5000[ Yield = (100844 + 715 ) cands - :fc"kag'mu"d 7 (0] F Yield = (22953 + 354 ) cands === Signal 3
- [ u=(0.1333 +0.0000 ) GeV/c? - ] o 2000 |, = (0,1346 +0.0001 ) GeV/c? 77 Background 3
3 [ o= (0.0050 +0.0000) GeV/c® 1 & 1800F 0= (0.0075 +0.0001 ) GeVic? E
& 000] a=(09196 £0.0204) 7 0 F a=(1.4808 +0.0524) E
> [ E_y>0.12 GeV ] S 1600F £ y>0.12 Gev E
> [ j S 1400 -
£ 3000 4 ) E E
g B 1 = 1200~ 3
o r ] ,2 10001 E
- g oo ~
r W o0~
400
200
g E E
016 :
M (GeV) M (GeV)
Peak position shift further by 1 MeV, width increase from 5.3 to 7.5 MeV J
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-D
o Mﬂo, 0770' Nﬂo VS E,y

Belle I

Data Prod5- Phase 2

Ey threeshold dependence
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D _
Kg S atr

Selection:

@ stdPi(good)
0.296706 < 6, < 2.61799
|do(m)| <2 cm
|zo()| < 4 cm
PionlD > 0.5, KaonlD < 0.5

or p<0.5dr>0.05 dz < 0.8, cosA¢ > 0.955
or 0.5<p<15dr>0.03 dz<1.8,

cos A¢p > 0.995

or p>1.5dr>0.02, dz < 2.8, cos A¢ > 0.9955
o NHitscpc > 15 (and NHitssyp = 0 for DC)

o p, >03—13GeV

UML Fit with Gauss + Chebychev[1]

<X

Invariant Mass plot for Data Prod6, 500 nb~!

S.Lacaprara (INFN Padova)

Meson rediscovery
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D _ .
K2 — 77 Data - MC comparison O
Data - Phase 2 Montecarlo - Phase 2 BGx1

— e L e e o e ey B N R e —~ S e A o e s e e N R e
o [ —— Data | o C —— Data |
S 80op + — Fit B S 160 — Fit ]
[es] C . Signal | @ . = signal 4
~ F <55 Background q -~ r =25 Background B
700~ - = —
% F . % 140 1

F e Il Preliminary - DataProds | C Belle Il Preliminary - MC_phase2 BGx1
O 6ol h O 120f ]
~— E =(0.4976 +0.0001) GeVic? ] ~ C 1 =(0.4911 + 0.0001 ) GeVic? |
-~ £ ] =~ L ]
.2 500— (0.0028 +0.0000) GeV/c?  —] g 100 - 0 =(0.0026 +0.0001 ) GeV/c? -
0>) E ©0.50 GeV E 0>J C p_1e0.50 GeV ]
o 400r . o 8F -
300 3 60F e
200F E 40 =
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o T S =
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Significan shift in peak position, width similar (large on Data) J
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D _ .
Kg — w7~ Data - MC comparison N

Montecarlo - Phase 2 BGx0 Montecarlo - Phase 3 Data Challenge

— 77— — 71—
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Peak shift not due to BGx1, only larger width. DC BGx1 has even larger width. )

S.Lacaprara (INFN Padova) Meson rediscovery Padova 25/09/2018 13 / 40



¢ — KTK™

Selection:

@ stdK(good)
0.296706 < 0, < 2.61799
|do(7)| < 2 cm
|zo(m)| < 4 cm
PionID < 0.5
KaonlD > 0.5
NHitscpc > 15

° px > 0.3GeV
UML Fit with Gauss + Chebychev([1]

<X

Invariant Mass plot for Data Prod6, 500 nb~!
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Meson rediscovery
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» — K"K~ Data - MC comparison T

Data - Phase 2 Montecarlo - Phase 2 BGx1

— e T T T T T — —~ — T T T T T T —
o 1600 b . 5 S + o om 1
o L . Signal 4 © = = signal ~
; 1400 ; 22 Background { ; r 22 Background 1
(] L Belle Il Preliminary - DataProd6 - @ 4000— Belle Il Preliminary - MC_phaseZ HGx1
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Peak position 1 MeV higher on Data than MC, width slightly smaller in Data )
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¢ — K"K~ MC Phase 2 vs 3 comparison T

Montecarlo - Phase 2 BGx0 Montecarlo - Phase 3 BGx1 - Data Challenge
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Phase 3 BGx1 better than Phase 2 BGx1 ? )
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o

Belle I

¢» — K"K~ peak parameters vs PID)

PID_K threeshold dependence
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D _
D p—>7r+7r @

(Invariant Mass plot for Data Prod6, 500nb ™" |

Selection:
@ stdPi(good) ( )
- L |
0.296706 < 0, < 2.61799 § 1200 iy ]
|do(7)| < 2 cm N = sl
|Zo(7T)| <4 cm & 1000
PionlD > 0.5 > e
e KaonlD < 0.5 g
0 iliEee = i - ,
° > 0.3 GeV N ek
pﬂ' / 200 'G:(UlZthOM?Z)ee =
UML Fit with Breit-Wigner + ChebycheV

/

[Hint of fy—mm at M+ _ ~0.98GeV ? J

Pull

rA
M (GeV)
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p — 7 7~ Data - MC comparison
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D — .
p — nm Data - MC comparison
Montecarlo - Phase 2 BGx0
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-D — c
p — nm Data - MC comparison
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D C
e 11— VY INFN

Invariant Mass plot for Data Prod6, 500 nb~?
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Selection:

50MeV < E, < 6 GeV
Ey/Eys > 0.75
Cluster: N > 5, Eg/Ey > 0.95
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UML Fit with CristalBall + Chebychev[1]
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Belle I
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Belle IT
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D

M,, o, N, vs E, NN

Belle I
Data - Phase 2 Data Challenge - Montecarlo
E_\gamma threeshold dependence E_\gamma threeshold dependence
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Belle IT

Selection:

o7r0—>’y’y

50 MeV < E, < 6GeV

Cluster: Np;s > 1.5, Eg/Ey > 0.9
100 < M,., < 150 MeV

p.o > 300 MeV

07'('i

|do(7)| < 2 em, |zo(7)| < 4 cm
PionID > 0.5, KaonlD < 0.5
0.296706 < 0., < 2.61799

e p, > 100 MeV

@ VertexFit for decay chain (mass constrained for

7T0)

UML Fit with Gauss + Chebychevl[1]
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n — 7 x° Data - MC comparison
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Peak on MC ~ 2 MeV higher than data. Width significantly larger on Data (4.4 vs 3.2 MeV).

S/B very different (MC only ct)
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- n— i ™ MC: phase 2 vs phase 3 comparison
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Montecarlo - Phase 2 BGx1 Montecarlo - Phase 3 BGx1 - Data Challenge
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D _
N —=n(=ay)rw

Selection:

N =Y
Eo/Ess > 0.75
Cluster: Ny > 5, Eq/Ey; > 0.93
E. > 400 MeV
0.52 < M, < 0.56 GeV
p, > 0.8 GeV

07T:|:

|do()| < 2 cm, |zo(7)| < 4 cm
PionID > 0.5, KaonlD < 0.5
p. > 300 MeV

UML Fit with Gauss + Chebychev([1]
maybe a signal

<X

Invariant Mass plot for Data Prodb, 500 nb~?
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is a signal. Visible also in Prod5, width smaller (but fit is rather unstable and statistics - if any —J
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Maybe

n — n(— yy)r 7~ Data - MC comparison R

Data - Phase 2 Montecarlo - Phase 2 BGx1
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is a signal. “Peak” position is correct, o ~ 16 MeV is larger than MC (10 MeV) J
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n — n(— yy)r 7~ MC BGx0 vs DC CNAN

Montecarlo - Phase 2 BGx0 Montecarlo - Phase 3 BGx1 - Data Challenge
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Maybe is a signal. “Peak” position is correct, o ~ 16 MeV is larger than MC (10 MeV) J
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n = (= rtr )t r”

Selection:

UML Fit with Gauss + Chebychev[1l] maybe, very

50MeV < E, < 6GeV

—150 < T jyster < 0 ns

Ey/Ess > 0.75

Cluster: Ny > 1.5, Eq/Eyy > 0.9
0.5 <0, <25

0.296706 < 6, < 2.61799

E, > 250 MeV

maybe ...

<X

Invariant Mass plot for Data Prod6, 500 nb~?
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n = n(— 7tr 7%)a 7" Data - MC comparison NN

Data - Phase 2 Montecarlo - Phase 2
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Almost no signal in the MC (even before the cuts) Wrong MC? )
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n = n(— 7tr 7%)a 7" Data - MC comparison
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Belle IT

Selection:

o p—mim
PionlD;0.5, KaonlDj0.5
pr > 0.5 GeV

M, KFit constrained: 0.75 < M,. < 0.79

gamma:pi0 from stdPhotons
Cluster: Nhits > 15, EQ/E21 > 0.9

E, > 100 MeV

|M,, — M o| > 20 MeV with the ~ from ROE
with M., closest to M o (pioVeto)

UML Fit with Gauss + Chebychev([1]

Not a signal
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Belle IT

n — p(— 7 7 )y MC comparison

Montecarlo phase 2 BGx0
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9=y Additional stuff (NN

Belle I

Additional or backup slides )

S.Lacaprara (INFN Padova) Meson rediscovery Padova 25/09/2018 1/2



Bibliography | A

S.Lacaprara (INFN Padova) Meson rediscovery Padova 25/09/2018 2/2



	Intro
	Analysis
	pi->gam gam
	Ks->pi pi
	phi-> KK
	rho->pi pi
	eta-> gam gam
	eta->pi+pi-pi0
	eta' -> eta (-> gam gam) pi+ pi-
	eta' -> eta (-> 3pi) pi+ pi-
	eta' -> rho (pi+ pi-) gamma

	Appendix
	Bibliography


