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The main contribution of this channel is expected from parton

scattering, including single parton scattering (SPS) and double _ ut
parton scattering (DPS). Resonances (cccc) are also predicted to be
found in this channel.

Simultaneously produced J/YJ/Y was first observed by NA3 group / \
ut \ n

SPS DPS

Aim: measure prompt cross section in J/Y]/y final state using 2016

dataset _ cwms I F,rehmlv,ary ,,,,,,,,, 135 " (13 TeV)
* With decay channel: J/YJ/yY —» utu~utu” g eof

9 wo:

* Main contribution is from SPS and DPS g F

_{g 120 |

* SPS/DPS fraction can be estimated :
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Production cross section measurement is meaningful for QCD ool @ E
study: 06 .
] . 0.4;— e CDF Data i

* Supposed to add valuable information to solve the puzzle o2 NRQCD
_ _ s o M. Ky factorization 2

of the production of quarkonium. P e ;

«  Provide an unique insight into the parton structure. Pyt E
. . ogr —MM o E

* Measurement of DPS process serves as another estimation °'_‘j; T
of the effective cross section. Y Do T

Measured widely in LHC:

Oetr,pps = 2-7+1.4-1.0 (exp)+1.5-1.0 (theo) mb
R |

I{I ! CMS, \s=13 TeV, Jy+Jy+Jhy |
Group | Energy Fiducial Volume Result e 62 (J /1)
- SPS
7TeV 2<n <45 p’ <10GeV (5.1 4 1.0)nb PN Ocff =
LHCb = 20ppsU /Y] /)
13TeV 2 <n <45, pT < 14GeV (16.4 + 0.28)nb - S e
> e e
ALICE | 13TeV 25<n<4 (10.3 + 2.3)nb il M7 oV et B C oo
ATLAS [ 8Tev Inl < 2.1, p > 8.5GeV (29.1 % 18)pb | e e
| EETEETE ra |
In| < 1.2, pT > 6.5GeV, S [r:f]
cms | 7Tev | 1.2 <yl < 143, 6.5GeV > pT > 4.5GeV, | (1.49 + 0.07)nb K
143 < |n| < 2.2, pT > 4.5GeV 3
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e Event selection

* Single muon * HLT Trigger

e Soft muon e  HLT_Dimuon0_Jpsi_Muon

e In(w)| <24, p"(u) > 3.5GeV . wtpptu

* RECO level u matches with HLT level u e Pass utuutu~ vertex fit
* J/W (Opposite sign muons) e M@y utu~) > 7.5GeV

e 285<M(/yY) < 3.35GeV

* Vertex probability (dimuon) > 0.005

. T > 10 GeV

p J/¥) | D / p

* For MC samples, we also require: ~—

* GEN level u matches with RECO level u ]/lp!\]/l’b

Two J/¢s in one candidate are sorted randomly

*  GENlevel: |n(w)| < 2.4, pT () > 3.5 GeV / \
ut 2
oo
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* Acceptance and efficiency are calculated sequentially ) - N
against p” (J/y) (10, 40) and y(J /) (-2,2) with variable =
bin width w0
p, (J/¥)(gen.)
* Different acceptance and efficiency maps are calculated Acceptance of p” (u) (SPS)
for different processes (SPS and DPS) using MC samples CMS Pretmiary
/.'\407. > Trenmnay. ‘_“JJtOA‘tmul ‘\/§‘=13Tev
* The dataset has been corrected by the acceptance and 8 ¢
.. L35 ranmmere ¢ ¢ 0.6
efficiency maps s 05
- - - \30; )
* Correction is carried out event-by-event _j sossvaes & @ o,
- - - . 25_« «‘-’ L RARRACIL® <5
* Correction is conducted with a weight: 33 ﬁ% L2 & Hos
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To extract the signal yield, a four dimensional fitting is conducted, with the consideration of two
sets of background:

* Combinatorial background
* Non-prompt background (J/y decayed from B meson)

The final fitting includes four dimensions: M(J /¥, ),M(J/Y,), ct(J/y,), ct(J/¥,)
And seven components:

*J/ws(non-prompt)+ /z(prompy P

* J/¥a(prompt)+]/ipz(non-prompt) backgrounrc)i

* J/Y1(non-prompt)+J /P, (non-prompt)

: ]/+1/21_M ¢ ~ Combinatorial
wuTJ/, " background

c WrpTutpT
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* The fitter has been employed on 2016 dataset

37917 (13 TeV) R 379" (13 TeV)
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Cross section is calculated:

NeorT
7 T BRIt i)
* N°"":Yield of signal acquired from fitting with corrected dataset
* L: Integral luminosity (for 2016, 36.303 fb™1)
* BR: Branch ratio (5.961 + 0.033)%

A preliminary result has been acquired with 2016 dataset (under review)

-1
37.9 b (13 Tev) 37.9fb” (13 TeV)

§§ - CMS Preliminary (b) %% g_CMS Preliminary (e)
Differential cross section is calculated 25t i
similarly against M(J /v, ]/Y.), $5F :
PTU/lpl]/l/Jz),}’U/Ebl]/%bz),ﬂ()’pyz) and f_
A(¢1, ¢2) (under review) g ;
§ —— 3
0 — I0!5I — I1 — I1!5I — é — I2.5 0 0.5 1 15 2 A¢%J/5 U 3
AY(Ihy Jhy) v JI,)

A(y1,Y2) A(d1, P2)
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* A template fit can be conducted on the distribution of differential cross section to

acquire the fraction of DPS component (fpps)

The distributions of SPS/DPS can be extracted from MC samples
These distributions are employed as templates

These template PDFs are utilized to fit the distribution of differential cross section

The fit is conducted simultaneously on Ay and A¢ dimensions

37.9f" (13 TeV)

FCMS Preliminary 4 Data

do/d|Ay| (pb)

A[bitrary nymber

L l — Total PDF

- | SPS

ops

Pull

A(yllyZ)

do/d|Ag| (pb)
Arbitrary number

37.9f" (13 TeV)

§ CMS Preliminary

+ Data

— Total PDF

SPS

[oes

* The result is under review
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* Systematic uncertainty
* Several sources of systematic error are considered:
1. Branch ratio(J/y — u*u™): Acquired from PDG
2. Integral luminosity: Provided by CMS
3. Acceptance and efficiency correction:
* Using different correction (different fpps) causes different yield estimation
4. Model of prompt J/y:

* The ct distribution of promptly produced J/Y is extracted from a SPS/DPS
mixing MC sample

* Different mixing fraction causes different shape
5. Stability of the fitter:
* The feasibility and robustness of the fitter is tested

10
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* Systematic uncertainty
* Several sources of systematic error are considered:
6. Lifetime variables selection:

* Another fitting is conducted with an alternative lifetime variables (Sigpxy1 +
Sigixy2), the difference between two fits is taken as an error

Error [%]
Branch ratio 1.5
Luminosity 2.6
Correction 13.1
¢t shape 4.2
Stability of the fitter 6.0
Lifetime variables 0.3
Total 15.5
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* Summary
*  We present the cross section measurement for prompt J/yJ/y at 13TeV

1. Acceptance and efficiency are calculated with MC samples
* The datasets are corrected with a mixed SPS/DPS acceptance and efficiency

2. Fitter is developed [M(J/¥,).M(J/,), ct(J /), ct(J/¥,)]
* Fitting to the 2016 dataset is satisfactory

* The fitting is employed in different kinematic bins to acquire differential cross section
* A template fit is conducted and fpps is acquired

4. Systematic error is estimated

5. A preliminary result is acquired
* Including total cross section, differential cross section and fpps

12
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Oetipps = 2-7+1.4-1.0 (exp)+1.5-1.0 (theo) mb
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_ N(n(wl<2.4)

* An(ﬂ) o /Ntotal
. 1 _ N(In(w|<2.4&&pT (1) >3.5 Gev)/

pT (W) N(In(w|<2.4)
. € __ N(GENpatchea®&In(p)|<2.4&&pT (1) >3.5 GeV) /

RECO(n) — N(In(w)|<2.4&&pT (1) >3.5 GeV)
. e _ N(psoft&&GEN matchea&&...) /

ID(p) — N(GEN natchea&&In(p)|<2.4&&pT (1) >3.5 GeV)
C e, — N(cut(ptp™)&&psoft&&... )

pru N(tsoft&&GEN matchea&&...)

. __ N(HLT&&cut(u*u=)&&...) /
€HLT = N(cut(utp=)&&psoft&&...)

. _ N(cut(ptu " pu*tp™)&&HLT&E...) /
Eu"'u_u"'u_ - N(HLT&&cut(utpu=)&&...)
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* InJ/YJ/Y final state, candidate with one or both J/3 decayed from a B meson is
considered as a main background (non-prompt background)

* Lifetime variables are extracted from the event to exclude this background

Momentum

of ]/ 1 -T
L.. PV (]/l.bl)/
pr [ wPVU/¥y) PTG/

Decay vertex
of /1 g _ ’ Vertex LuyPV (
x J/¥1) MU/
distance  ° CT(]/¢1) = 1 1/| T(]/1P1)|

______________ Sigixy(J/WP1) : Significance of Ly, PV(J /11)

J /b2 / . AV Significance of the vertex distanc

Decay vertex

of ]/




Double CB for J/y mass peak (float)

2" Cheb for u*u~ mass (float)

Double Gaus (PDF1) for prompt J /Y ct (in
J/YJ /P pair)
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M(]/ll)l) PDF CT(]/ll)l) * Exp®Gaus (PDF2) for non-prompt J /i ct (in
e o %1 . 1]/ pair)
1 —]- PDF3 * Gaust+Exp®Gaus (PDF3) for J/y ct (in
/— PDF4 combinatorial background)
2 Cheb __ * Exp®Gaus (PDF4) for u*u~ cz (in
combinatorial background)
* PDF1/2 are fixed by MC
 PDF3/4 are fixed by side band
2nd Cheb |
\ 7 ——rrs J/W1(P)+] /P2 (P) I/t -
Double CB PDF2 J/W1(P)+]/P2(NP) et )= /1)) o
M(J/y,) Sorr ct(/p,)  J/Wa(NP)+/a(P) == p¥pu"p*p" em—

J/WY1(NP)+]/P2(NP) e



Events / ( 0.003 )
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37.9f7 (13 TeV) 37.9fb™ (13 TeV)
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c == Jy (NP (P) L% 1400F- == Iy (NP (P)
1200 ==y (PN (NP) E == Iy (PYIy(NP)
C == Iy (NP)JIy (NP) 1200~ == Iy (NP)J/y(NP)
1000 - =y C =y
C Tl 1000 :_ Ty,
800|— e F e
F U 800 e
] i M(J/p,)
C 400 2
200~ 200
£95 3 3.05 3.1 3.15 3.2 3.25 ?.95 3 3.05 3.1 3.15 32 3.25
2E bt it b g 2 4 } it iw# it
E gﬁiﬁ%@}m ““Mﬁ“}*ﬁ*”m +++}+++ R TN ++ oy Mﬁ *#*fW it ¥ **Wﬁ## ukhad
_ -4
3 + s f
2.95 3 3.05 31 3.15 32 25 2.95 3 3.05 3.1 3.15 32 325
M(J/y) [GEV] MUy, [GeV]
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SPS

DPS

M, CcTq CT,
M4 -0.010 -0.004 -0.010
M, - -0.047 -0.072
cTq - - -0.007

M, CTq CT,
M4 -0.011 -0.075 0.010
M, - -0.050 -0.032
cTq - - 0.066
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N corr(Mix) Ncorr (SPS) Ncorr (DPS)
Corrected number 37259 32391 40981
Pass all selections 8160
1 2 3 Al 5
SPS+DPS 1000+500 2000+500 1000+1000 2000+1000 1000+500
;%; P+NP 500 500 500 500 1000
B decay 2000 2000 2000 2000 2000
J/butu” 1000 1000 1000 1000 1000
pru—putu~ 100 100 100 100 100
P+P 1430 + 40 2430 + 50 1880 + 50 2880 + 60 1480 + 50
%i; NP+P 530 £ 30 520 £ 30 540 +£ 30 540 +£ 30 1020 + 30
NP+NP 1960 + 60 1960 + 60 1960 + 60 1960 + 60 1980 + 70
J/yutu~ 1030 + 40 1040 + 30 1030 + 40 1040 + 30 1000 + 40
putu-utu~ 100 + 20 100 + 20 100 + 20 100 + 20 100 + 20
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