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Jet Quenching

Jets

» streams of particles collimated in a small cone around a given direction

Jet quenching
» The energy loss when partons passing through the medium

KOREA

» Information of the thermodynamic and transport properties of the medium by

comparing pp & PbPb collisions

p*p A+A

[QCD in vacuumm] [QCD in medium]
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Research Goals

Photonuclear jet production
» Y+ Pb - jetl + jet2 + X(+Pb)

Observe photonuclear jets at the
LHC for the 15t time.

Study the energy dependence of
photonuclear jets.

» Do we observe jet quenching? A
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Basic Cuts for Analysis

Anti kT Jet cone
« ak5PF algorithm is used(R = 0.5) R=0.2, 0[_3, 0.4
A

*  Merack| < 2.5 and |7’jet| <24

» The range which CMS tracker can cover
» The selection is being used at CMS High pr group

AR = \/A¢? + An?
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Analysis step

e Phi

Eta Eta

Phi

« Define the three different event topologies
« Check the distribution of di-jet events
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Di-jet Asymmetry Ratio Distribution
d A; = M E o HF+>5GeV, HF-<5GeV,y>15
! PT1TPT,2 1 o HF+<5GeV, HF->5GeV, y<-1.5
> Variable to check di-jet -
imbalance o
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* pri1>20 GeV/c & pr, > 20 GeV/c - N
B <
. . 1072 $
« For every events which satisfy the - $
cuts, 4; < 0.5. - %
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Di-jet A¢ Distribution

For most of the events which

satisfy the cuts, A¢ > 0.7.

KOREA

: O HF+ > 5 GeV, HF- <5 GeV,y> 1,5
1= Q HF+ < 5 GeV, HF- > 5 GeV, y <-1.5
107 s
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it Wl Suenid

Di-jet Asymmetry Ratio Distribution

B —=— HF+>5GeV, HF-<5GeV,y> 1.5 notrack -25 <eta < 1.5 B — o HF+<5GeV, HF->5GeV, y<-1.5 notrack -1.5<eta< 2.5
- —=— HF+>5GeV, HF- < 5 GeV, y > 1.5, notrack -2.5 < ata <1 - —a— HF+<5GeV, HF->5GeV,y<-1.5, notrack -1 < eta < 2.5
— o HF+>5GeV, HF- <« 5 GeV, y» 1.5, notrack -2.5 <eta < 0.5 — = HF+ <5GeV, HF->5GeV,y<-1.5 notrack -05 <eta< 25
1 —&— HF+>5GeV, HF-<5GeV,y>15notrack-25<eta<0 1 —&— HF+<5GeV, HF->5GeV,y<-15 notrack 0 <eta< 25
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j j

* pr1>20 GeV/c & pr, > 20 GeV/c
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A¢ Distribution

e Corpa Moo Suencid

—=— HF+>5GeV, HF-<5GeV, y>15 notrack -25<eta<1.5 —o=— HF+<5GeV HF->5GeV,y<-15 notrack -15<eta< 25

- — = HF+>5GeV, HF- < 5GeV, y > 1.5, no track -2.5 < ata < 1 = — &= HF+<5GeV, HF->5GeV,y<-15 notrack -1 <eta <25
— = HF+>5GeV, HF- <5 GeV, y = 1.5, notrack -2.5 < eta < 0.5 — o HF+<5GeV, HF->5GeV,y<-1.5 notrack -05<eta< 25

1 —&— HF+>5GeV, HF-<5GeV,y>15notrack-25<eta< 0 1 —&— HF+<5GeV, HF->5GeV,y<-1.5, notrack0 <eta<25

Skt

107 107 s ﬁ +
102 107
[— =
- ¥
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0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5

A A
« Most of events which satisfy cuts have A¢ > 2.
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Next Step

Checking the distributions at mid-rapidity region

The distributions of 4; & A¢ with different jet cone size(R = 0.3 - 1.0)

PbPb MC production is almost done(by Samuel).
> It will be able to compare MC with Data soon.

Korea Univ. Nuclear Physics Lab.

KOREA

10



Korea Univ. Nuclear Physics Lab.

KOREA

11



KOREA

The Number of Tracks(0 to 2k)

CMS

« Normalized by the number of
entries with “no HF cuts” <

—&— no HF cuts

—e HF+ <5 GeV, HF- < 5 GeV
— e HF+>5 GeV, HF- < 5 GeV
—o— HF+ <5 GeV, HF- > 5 GeV

« The events satisfy "HF+<5 GeV & 10°
HF-<5 GeV" seem to have the
small number of tracks.
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CMS, |
The Number of Tracks(0 to 100)

Most of the events satisfy “HF+<5
GeV & HF-<5 GeV" have the
number of tracks<25.

KOREA

_X —a— no HF cuts
— o HF+ <5 GeV, HF- < 5 GeV
- — = HF+>5GeV, HF- < 5 GeV
—&— HF+ <5 GeV, HF- > 5 GeV
105
- o
=
_O_
e
10 oo
E o=
- :©:—o—
3 -0 0=
10§ &= o
: e e
L o o o
B & _C’_—C’——Q—
1 02 - :@_’_8: _Q__C'_—Q—_o__@_—@——(}—_@_(}_—{)— o]
_IIII|IIII|_‘?_III|IIII|IIIIII¢ V:$:\2$: I=$=
0 10 20 30 40 50 60 70 80 90 100
nTrack
13

Korea Univ. Nuclear Physics Lab.



CMS

The Number of Tracks(0 to 10)

KOREA

For the events satisfy “HF+<5 GeV
& HF-<5 GeV”, the rate of the
events with the number of track=0
is relatively large.

B _e_ﬂ%HFcu(t?.Sv HF- < 5 GeV
— +< 5 GeV, HF- < 5 Ge
. — — = HF+>5GeV, HF- < 5 GeV
—o— HF+ <5 GeV, HF- > 5 GeV
10°
-
_O_
—— S —
_O_
104 e
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nTrack
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el W Suensi

Di-jet n Distribution

—o— HF+<5GeV, HF->5GeV,y<-1.5 notrack-15<eta< 25 —&=— HF+>5GeV, HF-<5GeV, y>15 notrack -25<eta<1.5

- —&— HF+<5GeV, HF->5GeV,y<-1.5, notrack -1 <eta<25 - —&— HF+>5GeV, HF- <5 GeV, y > 1.5, no track -2.5 < eta < 1
—=— HF+<5GeV, HF->5GeV,y<-1.5,notrack -05 <eta< 25 —=— HF+>5GeV, HF- <5 GeV,y>1.5 notrack -25 <eta < 0.5

1 —&— HF+ <5GeV, HF->5GeV,y<-1.5, notrack 0 <eta<25 1 —&— HF+>5GeV, HF-<5GeV,y>15notrack 25 <eta< 0

Gro

107 ﬁj@% 107"
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C - - [
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n n

« Most of events which satisfy cuts have 2 < |n| < 5.
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it Wl Suenid

The Number of Tracks Distribution(0 to 100)

B —o— HF+>5GeV, HF-<5GeV,y>15 notrack-25<eta< 2.5 B —o— HF+<5GeV HF->5GeV,y<-15 notrack-15<eta< 25
— — o HF+=>5GeV, HF-<5GeV,y> 15, notrack -25 < eta <1 - —o=— HF+<5GeV, HF->5GeV,y<-15notrack-1<eta<25
—&— HF+>5GeV, HF- <5 GeV, y > 1.5, notrack-25 < eta < 0.5 — = HF+<5GeV, HF->5GeV,y<-1.5, notrack -0.5 <eta< 2.5
1= —&— HF+>5GeV,HF-<5GeV,y>15notrack-25<eta< 0 1 —&o— HF+<5GeV, HF-=5GeV,y<-15 notrack 0 <eta<25
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107 - =l
] E e
- = -
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B o | -0 B
_ : 1 %
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« For each selection, about 40-60 % of events have at least 1 track.
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The Number of Tracks Distribution(0 to 25)

B —&— HF+>5GeV, HF- <5GeV,y> 1.5 notrack -25<eta< 1.5 B —o— HF+ <5GeV, HF->5GeV,y<-1.5 notrack-15<eta<25
- — & HF+>5GeV HF-<5GeV,y>15notrack-25<eta<1 = — o HF+<5GeV HF->5GeV,y<-1.5 notrack -1 <eta< 25
= HF+>5GeV HF-<5GeV,y> 1.5, notrack -2.5 < eta < 0.5 o HF+<5GeV, HF->5GeV,y<-1.5, notrack-0.5<eta <25
1 | —&— HF+>5GeV HF-<5GeV,y> 15 notrack -25<eta<0 1 | —&— HF+ <5 GeV HF->5GeV,y<-1.5 notrack0<eta<25
e o
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Di-jet Rapidity Distribution with Cuts

KOREA

1032— o -
About 7700 entries for both cases. 102;_
: 4
10

ﬁy

oy

L
-3 -2 -1 0 1 2 3
y

Black: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus<5 && hfminus>5)
&& y<0 && nTrketaOp5tol==0 && nTrketaltolp5==0

Red: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus>5 && hfminus<5) &&
y>0 && nTrketamOp5tol==0 && nTrketamltolp5==0
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Di-jet Rapidity Distribution with Cuts
e
« About 850 entries for both cases. - - -

I N N

10'1:—
: + +
:I | | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L 111 | 1

-3 -2 -1 0 1 2 3

y

«  Black: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus<5 && hfminus>5)
&& y<0 && nTrketaOp5tol==0 && nTrketaltolp5==0 && (ptl>20 && pt2>20)

. Red: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus>5 && hfminus<5) &&
y>0 && nTrketamOp5tol==0 && nTrketamltolp5==0 && (pt1l>20 && pt2>20)
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Di-jet Rapidity Distribution with Cuts

« About 650 entries for both cases.

107"

& <

Ll
-3 —2 -1 0 1 2 3

y

«  Black: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus<5 && hfminus>5)
&& y<0 && nTrketaOp5tol==0 && nTrketaltolp5==0 && (ptl>20 && pt2>20) && nTrk>0

*  Red: (etal>1.5 || etal<-1.5) && (eta2>1.5 || eta2<-1.5) && etal*eta2>0 && (hfplus>5 && hfminus<5) &&
y>0 && nTrketamOp5tol==0 && nTrketamltolp5==0 && (ptl>20 && pt2>20) && nTrk>0
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Motivation

« For the UPC di-jet events, it is expected to be there are only 1 di-jet, and there is no
other particle is generated.

« By check the number of tracks, we can make sure this is the UPC events.
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A

New Skim with “nTrack”

New skimmed files are uploaded.
» /afs/cern.ch/work/b/bekim/public/new_skim_170119

Each files are made by the same algorithm, but in different cone radius.
» ak1PF, ak2PF, ak3PF, ak4PF, ak5PF

New tree "Track" from "anaTrack” for the number of tracks is added.
There are 11 leaves in the new Tree.
> "nTrack" : the number of tracks

» Ex.) "nTrketaOtoOp5" : the tracks within the eta range, 0<= eta < 0.5
"nTrketam1tolp5" : the tracks within the eta range, -1.5<= eta < -1.0
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Plans of this week

Make new skim files which are more suitable for the analysis

Check the distributions with the number of tracks

Korea Univ. Nuclear Physics Lab.
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CMS,| ctributi
Nerack Distribution

« "HF+<5 GeV & HF->5 GeV" and

1
"HF+>5 GeV & HF-<5 GeV" look -
. L —o— HF+ <5 GeV, HF- < 5 GeV
have a good symmetric shapes. B —&— HF+>5GeV, HF->5 GeV
L —=— HF+>5GeV, HF- < 5 GeV
—o— HF+ <5 GeV, HF- > 5 GeV
« "HF+<5 GeV & HF-<5 GeV"” has a - < o
flat shape relatively. i .
—o—_o__o_ o
* "HF+>5 GeV & HF->5 GeV” has a 0= e
strange bump at Ny~ — 2 -
B e I Eatantare e ety T
- o —0= - === -
= oo T o Qs
- _O_‘O——o—_o__o__g_g_—O——o— e
B - - T -0
- - —o0
o - -
I | I | | I_OI_I | I_IO_I | | L1 1 1 | [ |
-3 -2 -1 0 1 2 3

n
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The Number of Tracks Distribution(0 to 500)

KOREA

"HF+<5 GeV & HF->5 GeV" and

"HF+>5 GeV & HF-<5 GeV" have

similar shape like expected.

kHTbLIII

—&— HF+ <5 GeV, HF- < 5 GeV

—o— HF+ > 5 GeV, HF- = 5 GeV

E = HF+>5 GeV, HF- < 5 GeV
: —5— HF+ <5 GeV, HF- = 5 GeV
- o
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e For "HF+<5 GeV & HF-<5 GeV’, the

number of tracks is under 45. -
1k S R 28V HE S 2 ey
= —=— HF+>5GeV, HF- < 5 GeV
o8 —o— HF+ <5 GeV, HF- > 5 GeV
10-15—%}#:}{}
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107 o %bﬁﬁi%iF
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104
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0 10 20 30 40 50 60 70 80 90 100

nTrack
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The Number of Tracks Distribution(0 to 10)

Most of the events have O tracks,

especially for "HF+<5 GeV & HF-<5 -
G Vn B —=&— HF+ <5 GeV, HF- < 5 GeV
ev. L —= HF+>5GeV, HF- > 5 GeV
— & HF+>5GeV, HF- < 5 GeV
—o— HF+ <5 GeV, HF- > 5 GeV
1:__0_
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@
10'1:_ N _O_QH_Q_ — o
o e —e o
B —
L
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-2 o
107 o
— _O_
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0 1 2 3 4
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Di-jet p Distribution(0 GeV/c to 100 GeV/c)

KOREA

A

|ntrack,1| <15 & |ntrack,2| <15

» Only events which DO NOT have
the tracks out of the mid-
rapidity region are selected.

|njet,1| <15 & |77jet,2| <15

» Only events which have two jets
that are within the mid-rapidity
region are selected.

Most of events have a very low
transverse momentum.

=

% —o— HF+ <5 GeV, HF- < 5 GeV

= —— HF+ =5 GeV, HF- = 5 GeV

B — = HF+>5GeV, HF- < 5 GeV

L —o— HF+ <5 GeV, HF- = 5 GeV
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Di-jet p; Distribution(0 GeV/c to 10 GeV/c)

KOREA

Most of events have p; < 2 GeV/c

1
: < iy
Strange bump at about 1.5-2.0 N T HFY 2 5 GV, HF- < 5 GeV
. —&— HF+ <5 GeV, HF- > 5 GeV
GeV/c M ye
S o
10_1___0_ o
o —O—$
B @ﬂh&
10'2:— % i j
E OO O
- —C'—
- -0
10_3—|—III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)
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« Most of events have Mass < 10

=
GeV/c o HF+ < 5 GeV, HF- < 5 GeV
rets S HF+~5GeV, HF- > 5 GeV
h — -~ HF+>5GeV, HF- < 5 GeV
10 = —&— HF+ <5 GeV, HF- > 5 GeV
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Mass (GeV/c?)
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« There is a bump for every selections
at about 3 GeV/c.

—o— HF+ <5 GeV, HF- < 5 GeV
—& HF+ = 5 GeV, HF- = 5 GeV
— e HF+ > 5 GeV, HF- < 5 GeV
—5— HF+ <5 GeV, HF- = 5 GeV
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« Most of events have Aj~0. 1%
» Most of events have same p;. - o HF+ <5 GeV. HF- <5 GeV
. B —o— HF+ =5 GeV, HF- = 5 GeV
> It seems for most cases there is - - HF+>5GeV, HF- <5 GeV
. . 10_1 —5— HF+ <5 GeV, HF- > 5 GeV
not jet quenching.

1072
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1075 = J{»
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y
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A¢ Distribution

« Most of events are back-to-
back(Agp > 2) 1

—o— HF+ <5 GeV, HF- < 5 GeV
—&= HF+ =5 GeV, HF- = 5 GeV
= HF+>5 GeV, HF- < 5 GeV
—=— HF+ <5 GeV, HF- = 5 GeV
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Mkl

0 3 3.5
Ao
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