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Introduction
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»Last presentations
« Study different lifetime variables to distinguish prompt and non-prompt(here)

» This presentation

« Add trigger matched in event selection
* Do 4D fit in invariance mass and lifetime dimension to extract prompt J/y pair events
 Try to separate DPS and SPS components



Dataset
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2016 Cert_271036-284044_13TeV_Legacy2016_Collisions16_JSON_MuonPhys.txt

JSON: | v

2018 Cert_314472-325175_13TeV_Legacy2018_Collisions18_JSON MuonPhys.txt

Non-prompt sample  BBbar -> J/y J/y + X  /Pythia8_BBartoJJ/jinfeng-MC2016_SKIM_JinfengLiu_bDecay-36fd85e4f67556ca0c698512e4b68db7/USER

Cert_294927-306462_13TeV_UL2017_Collisions17_JSON_MuonJSON.txt

SPS /Pythia8_MC_SPS_Direct_TighterFilter_2016/shunlian-SKIM_v1-1180d22d2a36d93597d4befd39820c18/USER

Prompt sample
DPS /Pythia8_DPStoJJ/jinfeng-MC2016_SKIM_JinfengLiu_Tight2-9b15e3a700bc0e2adf631d6ebeb85f0a/USER



Object and event selection )

> Trigger
HLT DimuonO_Jpsi_Muon(2016 and 2016APV) i‘:}lw\” ucted by t
. : * The J/y was reconstructed by two
HLT DimuonO_Jpsi3p5 Muon2(2017 and 2018) opposite sign muons
» Standard Soft muon ID * The vertex probability of the 2

muons associated to the J/yp is

* pT(muon)>=3.5GeV
greater than 0.5%

* [In(muon)|<=2.4

« Gen match for MC .
« DeltaR(Gen muon, RECO muon)<0.03 2.7<m(dimuon)<3.5GeV

»>J/p Pair
« J/Y1(muon12) and J/wp2(muon34) do not share a common muon

« Assign the J/yp randomly
« Make one J/y match trigger J/p and another muon match trigger muon



fiducial inclusive cross section \,/}

The J/y pair production cross section is measured in the fiducial region where both J/y pt>6 and absolute rapidity below 2.2 (when absolute rapidity
below 1, J/y pt>7). The fiducial inclusive cross section can be calculate as follow formula:

NCOTT‘
fid LB fp—up)
The N€°" can be obtained as:

L£L=363fb"t B2(J/p - pup) = 593 + 0.06%

Neor = g U/12) @kecoU/$1) @hoco U /$2) @by (/1) @y /12) 0hee (/1)
Wyix U/¢2)wérig U /1] /2 wene T /101, ] /102)17T

¢ NObS number of observed J/y Pair events in fiducial region

the probability for a J/y (|n| <2.2 and decaying to a pair of muon) decay to two muon within the geometrical acceptance of
detector(muon (|n| <2.4 )

* wrecothe probability for two muon from the J/y which pass can be reconstructed by PF algorithm as muon

w. ¢ the probability for two muon from the J/y which pass the and w,.., can pass soft muon ID

Wyt the probability for two muon from the J/p which pass the , Wreco @Nd w, ¢ to have a vertex probability above 0.005
* wirigger the probability of a event include a pair of J/y which have pass the , Wrecor Werr aNd w,e, caN pass the trigger

* Wi watenea the probability of a event include a pair of J/y which have pass the , Wrecos Weffs Wyix @Nd Wirigger 10 pass
the trigger Matched



Acceptances and Efficiencies

acceptance pt probability
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Use SPS official sample to get weights °



Extract prompt J/g pair strategy S )

» The muon pair could be J/p or comb. Since J/y maybe prompt or non-prompt, the J/p1 + J/p2
could be separate to 4 categories. So we totally have 7 components

> Jip1 + J/yp2
prompt J/p1 + prompt J/yp2
prompt J/y1 + non-prompt J/y2
non-prompt J/p1 + prompt J/yp2
non-prompt J/@1 + non-prompt J/yp2
> J/p1 + comb.
» Comb. + J/y2
» Comb. + comb.

* We can distinguish muon pair are J/p or comb in invariance mass dimension
» We can distinguish J/p1 + J/p2 prompt components in lifetime dimension



The 4D fit PDF i_’/}

N
——
AN,

>Jlp + J/yg

f]psil * f]psiz* Iprompt1 * Iprompt2

frvsi1 * fipsiz* 9non—prompt1 * Gprompt2

f]psil * f]psiz* Iprompt1 * non-prompt2

f]psil * f]psiz* Inon—-prompt1 * Ynon-prompt2
»J/p1+ comb.

f]psil * feomb2 * h]psil * Reomp.
»comb.+ J/y?2

fcombl * f]psiz * hcomb. * h]pSiZ

»comb.+comb.

fcombl * fcombz * hcomb. * hcomb.

| use f to stand for J/p or comb. mass PDF; use g
to stand for J/p + J/y prompt and non-prompt ctau
distribution; use h to stand for Jpsi + comb. or
comb.+ comb. ctau distribution

The f,,s; get from MC sample and f,,,, get from
data sideband region

The gprompt @Nd Gnon—prompr g€t from MC sample

The h;,g1 and h.,p. get from data sideband region



The J/y and comb. mass PDF )

» Get J/y invariance mass distribution from MC sample
» Get combinatorial invariance mass distribution from data sideband region

) 36.3 o' (13 TeV) . (13 TeV)
g 2500:— CMS + JpsiJpsi simulated events Lﬁ 160% + Observed
% E Simulation fit 140 + comb.+comb.
L% 2000 120;&%
1500:— 100;_ +
- 80—
10002— soi— ++ 'H +
5005— 40;_
- 20
gls ‘osles ,InQI[GIe\?]A Q‘WWW5
m, [GeV]
J/y: using double Crystal Ball (DSCB) function, the Combinatorial component: use the 2nd Chebyshev

parament get from J/y MC fit Polynomial in the data sideband region



The J/@ prompt and non-prompt PDF

* Get prompt(DPS and SPS) and non-prompt(BBbar) distribution from MC sample

1 (13 TeV) - (13 TeV)
w = [22)
£ S 5 e DPS
LE — C MS oPs |-|>J : EBPS—> Jhy Jhy simulation events
R i ) SPS 10° DPS
10 Simulation bb — Jiy Jiy m— 5N Jhy Jhy fit
- 10* /
102 & “
- 10°
107 102 /
— {
10 v?,:;l.
107 ;5!’ m' { ,
g el o) *
LUA0. . 2%, ki P o ko
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2
J/wy et [em] J/y ct[cm]

« Use double gauss function to fit prompt (DPS and SPS) distribution
» Use the Gauss@Exp function to fit non-prompt(BBbar) distribution
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Comb. lifetime PDF \-’2

Events

] m(uiuy)[GeV]
- 3.5
1025— @ @ @
E 3.25
i @ | ® | 6
ol 2.95
- % @ ©
1] 2'72.7 2.95 3.25 35 m(uiuz)[GeV]
1fioe8 ' 1
; / I ctau(us uy) distribution in O+@+@D+3+®+O) region
I or
ol e ctau(ud uz) distribution in O+@+@+@+@+@) region

0.
ctau_ [em]

- We expected to get comb. distribution in two dimension Q+®@+®@+©) region, but these
region have very little number of events, so we get the comb. ctau distribution in one
dimension mu pair mass € [2.7, 2.95]U[3.25, 3.5]GeV region

* The comb. ctau can use Exp® Gauss function to fit.
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J/p + comb. Lifetime PDF

e F m(uius)GeV]
Z i L 2‘::;‘1’9“’ ,_%) B + Observed 3.5
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| - -'n.,_._ B 9! * + + N .
10 *im * 10 g 'H"} @ @ @
; l el ) G HHe E | 205
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? o o o ctau(ip,) ol N [I) 05 o oS ctau(up,) [crr[;"]'2 @+ or @+@ reglon

@+@®) region ctau fit plots

« J/y + comb. background region is @+® or @W+®).

« The @+@® or @W+® region include J/y + comb. and comb. + comb. two components.
* We have get the comb. + comb. ctau shape from last slides

* The J/y + comb. background J/yp ctau can use Exp&@Gauss + DSCB function to fit.
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Fit validation S )
»Before fitting data, we should produce the pseudo data to do the Fit validation

»How to produce each components of pseudo data
* Prompt J/y + Prompt J/y: use SPS or DPS MC sample
* Prompt J/yp + Non-prompt J/p: no MC sample, we generate the events by PDF
* Non-Prompt J/y + Non-prompt J/p: use BBbar sample
» J/ly + comb.: no MC sample, we generate the events by PDF
« Comb. + comb.: no MC sample, we generate the events by PDF

» We will produce two types of pseudo data to do test:
* Mix data and pseudo data
» Pure pseudo data

* We use pseudo to do fit to see if we can extract each components successfully

13



Fit validation result(1)

We mix data and pseudo data to do fit

In this table, “0” mean the data, “1-9” mean the input pseudo data

) 1 2 3 4 5 E 7 8 9 10
SPS - 1000 - 1000 - - - - 1000 1000 1000
I/, DPS - - 500 500 - - - - 500 500 500
]/ P+NP - - - - 500 - - - 500 - 500
B decay - - - - - 2000 = - 2000 - 2000
J/butu . . . - s = 1000 - & 1000 1000
ptu—utu~ - - - - - - - 100 - 100 100
The table shows the fit result of different input
P+P 2650 + 60 2630 + 60 2650 £ 60 2630 + 60 2640 + 60
5%; NP+P 780 + 30 770 + 30 800 + 30 790 + 30 780 + 40 780 + 40 770 £ 30 790 + 40
NP+NP 4420 + 100 4410 + 100 4390 + 100 4390 + 100 4290 + 100 4360 + 110 4390 + 100 4340 £ 100
J/putu 1500 + 50 1510 + 50 1520 + 50 1520 + 50 1510 + 50 1500 + 50 1530 + 50 1520 + 50
e 80 + 20 80 + 20 80 + 20 80 + 30 80 + 20 90 + 20 70 + 30 100 + 20

Compare the two tables, we can extract the input pseudo data successfully

14



Fit validation result(2)

»We only use pseudo data to do fit

In this table, “1-9” mean different input pseudo data

1 2 3 4 5 6 7 8 9 10
SPS 1000 2000 1000 2000 1000 1000 1000 1000 2000 2000
]/, DPS 500 500 1000 1000 500 500 500 500 1000 1000
J/2 P+NP 500 500 500 500 1000 500 500 500 1000 500
B decay 2000 2000 2000 2000 2000 4000 2000 2000 4000 2000
J/yutu~ 1000 1000 1000 1000 1000 1000 2000 1000 1000 2000
utu-utu~ 100 100 100 100 100 100 100 200 200 200
The table shows the fit result of different input
P+P 1410 + 40 2400 + 50 1860 + 50 2850 + 60 1470 + 50 1420 + 40 1430 =40 1410 =40 2900 + 60 2860 + 60
]jil NP+P 530 + 30 520 + 30 550 + 30 540 + 30 1020 + 30 520 + 30 530 + 30 530 + 30 1020 + 30 540 + 30
b NP+NP 1760 + 60 1760 + 60 1760 = 60 1760 + 60 1780 + 70 3510 + 80 1860 £ 70 1760 £ 60 3520 + 80 1850 + 70
J/outu 1030 + 40 1040 + 30 1030 + 40 1040 + 30 1000 + 40 1060 + 40 1960 + 40 1030 + 30 1040 + 40 1970 + 40
g e e 100 + 20 100 + 20 100 £ 20 100 £ 20 100 + 20 100 + 20 130 + 30 190 + 20 110 + 20 230+ 30

Compare the two tables, we can extract the input pseudo data successfully
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4D fit for data

2016 (13 TeV) > 4D f|t

2016 (13 TeV)

% ¢  Observed £ L]
s erve g Observed
I total fit model o i H
poise N : o * we merge some components in the plots, the
Jy1(2) nonprompt+J/w2(1) prompt Jw1(2) nonprompt+Jiw2(1) prompt .
' nonprompted 2 nonpran St ronpromptoJ nonprompt |egend in the plots;

Jyi1+comb. and comb.+Jiy2 = = Jwl+comb. and comb.+J/w2

e : —— O J/w1 prompt + J/p2 prompt
2\ * The two muon pair are all prompt J/y, this component
are signal
O J/p1(2) non-prompt + J/w2(1) prompt
* The two muon pairs are all J/y, but one of them is non-
prompt
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Add mapping Fit

2016 (13 TeV) 2016 (13 TeV)
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: — . » Jpsi + comb. events are 49542 4852
& 4 & 7% F T 3 ¥ 4
E PR E ‘ « Comb. + comb. Events are 119+1078
33 29 3 37 37 33 34 28 29 3 37 37 a4
m,,[GeV] my,[GeV]
5 2016 (13 TeV) 2016 (13 TeV)
é 10§ . ovars g ; 3 Obaerved
wE st mmprrmesanmons | E it oot ot
2 z g ot d f
- t { $oH iy
| 3 FE G

|
O
(=2
N
[=)

~0.02 0 0.02 0.04 0.06 0.08 0.1 Y 0.02 0.04 0.06 0.08 0.1 17
ctau,,, , [cm] ctau,, , [em]



Extracting the DPS fraction strategy
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 The SPS and DPS contribution can be separated because of their different kinematics

« We get SPS and DPS templates of invariance mass and delta rapidity .



DPS fraction

oo 2016 (13 TeV) 2016 (13 TeV)
g E ¢ Observed L‘:;’ 14000 ;— ¢ Observed
10000 — Sum of DPS and SPS — Sum of DPS and SPS
B 12000 —
= ——— DPS N —— DPS
8000[= + —— sPs 10000~ | —— sPs
B 8000 |—
6000 — -
5 6000
4000 [
B 4000 =
2000 u
_ 2000~
D B 11 l ) I | I -] | Ll Ll I L1l I Ll 11 I L1 11 I L1 11 L1 11 111 O : IIIII o
5 10 15 20 25 30 35 40 45 50 55 0 05 1 1.5 2 25 3 35 4 45 5
M,y [GEV] IAy(JAp1 Jhp2)]
DPS fraction: 0.60+0.01 DPS fraction: 0.65+0.01

The definition of DPS fDPS = NDPS/(NDPS+NSPS)

« We extract prompt J/p pair events in each invariance mass and delta rapidity bin.
« Use the SPS and DPS templates to fit data
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Summary &
« We add trigger Matched in event selection and get the corresponded efficiency

« We distinguish J/p and comb. in invariance mass dimension and distinguish J/y prompt
component in lifetime dimension

« We do the fit validation first and then do four dimension fit for two muon pairs to distinguish all 7
components

* We try to separate SPS and DPS according to their different kinematics

* Next step
« We will write analysis note and get the CADI line
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