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CMS Open Data
Motivation

- Precision measurement of soft radiation

- Underlying Events and Pileup
Z drop

- An observable sensitive to underlying events and pileup
Result Plots
- Dependence on:

> Z_pT

> Number of Vertex

> Radius R of Z cone

- Pileup "mitigation” : PUPPI/SoftKiller
Conclusion
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CMS Open Data

« CMS open data is available on CERN o

pen data portal,
« REAL DATA is available for everyone.

- To verify measured observables

- To test new, special ideas

- It is agreat resource for education.

. Open data can play an important role for complete searches and studies.

Dataset x Documentation x Sort by: | Best match 4| asc. % Display: | detailed 4| 20 results %

Guide x CMS x

Found 12 results.
Filter by type

v @ Dataset 878
~] Collision 86
) Derived m Getting Started with CMS 2011 Open Data
I Si 681
DS'mUIate:I ; a8 To analyse CMS data collected in 2011 and 2012, you need version 5.3.32 of CMSSW, supported only on
v :ss::en ation % Scientific Linux 6. If you are unfamiliar with Linux, take a look at this short introduction to Linux or try this...

Guide to the CMS Trigger System 3
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CMS Open Data

* Both data and Monte Carlo sample CMS Open Data s = 8 TeV

are available on open data portal. - Preliminary }Obs.

D
o
o
o

e Data:

Entries / 3 GeV

DoubleMuParked primary dataset in :
AOD format from RunB of 2012 in 8 4000F
TeV pp collisions from CMS

 MC Sample :

DY process generated by Madgraph + :
Pythia in 8 TeV, and selected by dimuon 1000F
mass larger than 50 GeV :

3000:

2000F

%O 70 80 90 100 110 120
Mass (GeV)
Invariance mass of dimuon

selected by larger than 50 GeV
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Soft QCD Study

* Underlying events(UE) and pileup(PV)
are complicated components of soft
QCD radiation.
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' Conventionally, the studies of soft f
| QCD activities are performed in |
: the direction far from jets.
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! We will define a new »
| observable "Z drop” to study]
| hadrons around leptonic Z. |

5
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Muon

e Z drop definition :
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Hadron

- Pt : Transverse momentum of Z boson

* The difference of mass squared measures the hadrons

around the Z.
- The Z drop is zero if there are no hadrons in the radius R cone.

* We will use CMS open data to measure Z drop. However, Z
drop can also be used to isolate Z as in photon isolation or

tau isolation. )
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Compared With Other Observables

- Multiplicity : number of particle flow candidates in a cone with radius R

- Multiplicity is strongly affected by hadronization, so it is good to compare Z
drop which is infrared and collinear safe, to multiplicity.

- Zdrop is defined utilizing the mass, which is a_natural choice for a resonance
study. The mass alone is not enough in the hadronic case because of the large
background.

- Z_pT is not sensitive to pileup.

i'} Z drop is sensitive to pileup therefore we
- can use it to quantify pileup. It is also

0) .
My — 111

. affected by hadronization less than
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Why Leptonic Z?
Muon
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* Extracting the UE and Pileup component.

- Leptonic Z provides a perfect channel to study all the hadrons not
from Z decays.

- I ZE?'—OE will be an essential ver'jificaﬁonlwhen one extends the method

from leptonic Z to hadronic Z because it is independent of Z decay

Related to Collinear Drop, see Yang-Ting's talk on Thursday %
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Analysis

- Multiplicity gives us a r'efer'ence for'how Z dr'op works.
- We impose g lepton cut of pT > 30 GeV and eta < 1.4.
- We impose Z_pT > 50 GeV and Mass > 50 GeV ’ro_sg__gj__ggmd_z_‘s
* We study the dependence onNV, (Numberofver’rex)f
andraduusR

. Iso study the effect of performmgPUPPand
SofTKlller'on Z drop distributions.
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First Glance of PU and Z Candidate

CMS Open Data Vs = 8 TeV
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Boost by Z_pT cut

CMS Open Data Vs = 8 TeV

e After boosted, we can see that the tail of

S 04f /] No Cut : -

G —No tu Z drop is cut off, and the peak is more

2 o5 = Z_pT > 50 significant and converging.

8 5 +z_pT > 100 CMS Open Data Vs = 8 TeV

£ o N 2 ok ~No Cut

0 03} Zz_pT > 150 G r - Z pT > 50
ozt —Z pT > 200 —ZpT > 100

~—Z_pT > 150

Z_pTcutatO, . Z pT > 200

Preliminary ~ wp=———a 50 100, 150, === o.15f—

Z pTorZ pT 200 GeV. °-1%— ({ﬁ,‘ | 1 Preliminary

0.2F

0.15F

B 0.0~ |
0.05F : | \
- et _ % '}o 20 60 80 100 120 140
%90 20 30 40 50 60 70 80 90 foo ° The shape of multiplicity Multiplicity
Z drop (GeV) distribution has no obvious difference.

- e — e —— ————— e —— — e e — N— —

Boosting Z makes sure that the decay products are in the region
we concern. We use Z_pT > 50 GeV in the following analysis. | &%

— e e — ‘:J
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Dependence on R (Z drop)

o CMS Open Data /s =8 TeV. { o Plleup IS conven‘nonally expec‘red j
& [ Preliminary VS Open Data 5 = 8Tev to be uniform, however Z drop |
~ T S oar ~R = 0.8 :
g 09 - TR-08 does no’r obey exact R scaling |
S | -_L% , E “R =0.4 e e Py e A O T A o A S e ST i e i R g T ey
o.e_w Ch ~R =0.2 -  We look at Z cone with radius R =0.2,0.4,0.6, 0.8
! - Preliminary - All the Z drop distributions are normalized.
|l o The distribution moves toward the
_ i right when R increases.
0.2 OOHHO.E';HI{H;.SHHZ L._.!PIH. 45 5
: Z drop (GeV) / 100*R"3
00 20 30 40 50 60 70 80 90 100
Z drop (GeV)

* To quantify it, we scale Z drop with space to see the density. For large radii (0.8 and

0.6), the rescaled dISTr'IbUTIOHS are on ’rop of each other, which is not the case for
small radii (0.4 and 0.2) 12
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Entries

Dependence on R (Multiplicity)

0.1
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CMS Open Data Vs = 8 TeV
|

Preliminary

* Tt shows similar result with Z drop.

CMS Open Data Vs = 8 TeV

0.7F

0.6
0.5F

0.4f

0.3F

0.2F

* The shape move right when the

= 0.8
— e radius R rise as well pileup
= 0.2 increase before scaling.

Preliminary ° MUHIPIIClTY doesn't obey exact R

\
1111 ST

scaling, especially for small radii.

| el bt Tl
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o ‘DA
Multiplicity / 25*R"2

Multiplicity

(There is no perfect R square |
_uniform in multiplicity. |
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N of Vertex

What we will check here is e |

pileup from each vertex are

CMS Open Data Vs = 8 TeV

independent!! 3 N 13
0.35 —
AU ~N_V 14
8 o3f ~N_V 15
E 025 ~N_V 16 |
T : NV 17
* We rescale Z drop and multiplicity N ol
CMS j: Preliminary

by the number of vertex.

e We choose N _V =13, ..., 17 because
they have the most entries.

Entries / 1

H9 10
Zdrop (GeV)/N V

* The rescaled distributions overlap
with each other as a per-pileup
distribution.

S e O T 14

Multiplicity /N _V
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Pileup Mitigation

CMS Open Data Vs = 8TeV | Plleup mlTlgaTlon Cllgor'“'hm in CMSSW

- No Miti.

~ PUPPI

~SoftKiller

Preliminary

~ What PUPPI and SofTKillér do
are very different !

40 50 60 70 80 90 10(

= | et's look into the performance
of these two pileup mitigation
methods in more details.
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Pileup Mitigation

* We cut a range of number of vertex selection on the data with PUPPI and
SoftKiller.

* TIf the mitigation algorithm works perfectly, the dISTr'IbLITIOH of Z drop in
each selection should be the sg

CMS Open Data Vs = 8 TeV

CMS Open Data Ys =8 TeV CMS Open Data Vs = 8 TeV

> C
E 0.3 Preliminary +~ N VvV 1~5 g “Pte  Preliminary +~N V 1~5 G [ Preliminary ~N_V 1~5
L — L — 0.5
o | ~N_V 6~10 | © o ~N_V 6~10 | = | ~N_V 6~10
8 025 ~N_V 11~15 & [/ ~N V 11~15 £ | ~N_V 11~15
5 F ~N_V 16~20] £ o= ~NV 16~20 & % ~N_V 16~20
02 -~ NV 21~25 o N V 21~25 i ~N_V 21~25
s 031
0.15¢ No Miti. o5k SoftKiller | PUPPI
By 0.2 ““
0.1 . -
i 0.1 “ -
0'05: 0.053 0.1:_
00 | 10 20 30 40 50 | 60 " 0 80 90;00 00I 10 20 30 40 ‘N 60 - 1 K 7;‘ 90 _v 00 OOI i I5I i |10| . 15 b. J":_k 2 7 “ﬁ 7 35 7 40
__Zdrop GeV . ~ Zdrop (GeV) Z drop (GeV)
Sof’rKlller does remove plleup but not perfec‘rly On the other hand
| PUPPT seems to remove more and most of the pileup. ';-. 16

Measuring hadrons around leptonic Z bosons in CMS open data using Z drop Meng-Hsiu Kuo 07/23 2019



Summary

* We use CMS open data to do an independent study.

* An observable, Z drop is defined to probe underlying event and
pileup contributions.

- Z drop is sensitive with pileup.

- Z drop is affected by hadronization less than multiplicity.

- Z drop does not obey exact R scaling, but does in N_V scaling.
* PUPPI removes almost all pileup, but SoftKiller does not.
» Z drop method will be extended to hadronic Z boson.

* Z drop can be used as a new probe of the quark-gluon plasma
produced in heavy ion collisions.
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