CMS Experiment at LHC, CERN

| Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249

Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 GeV

Precision background subtraction in
dihadron and jet-hadron correlations

Based on nucl-ex/1509.04732 submitted to PRC
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p+p — dijet

v

Jets — hard parton scattering leads to back-to-back quarks
or gluons, which then fragment as a columnated spray of

particles
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Azimuthal correlations

Jets are dominantly produced as di-jets

Find high-p. trigger particle or jet candidate

Look at distribution of high-p.. associated particles relative to trigger

p+p — dijet

Near-side /. S
g W\ : o2 min. bias 200 GeV |
' —~ 0.2 — . —
.% i 4<p, (trig)<6 GeV/c ﬁ‘" i
g pr(assoc)>2 GeV/c .

©
g 0.1 - —
W Z [ Near:side f
IR T T | Ly N way-slde,
Away-side  ["99T prys rev Lett 90, 982302

1 0 K 2 3 4
A ¢ (radians)
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Jets — azimuthal correlations

p+p — dijet

— p+p min. bias

ESTKR

4<p,(trig)<6 GeV/c

pr(assoc)>2 GeV/e

1/Ny e AN/(AG)

trigger
T

| Phys Re‘v Lett 90,I 082302:
2 3 4
A ¢ (radians)

Select high momentum particles — biased towards jets
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Looking 1in two dimensions

: .3¢1.lm99f.ﬁﬁ>@@i e
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0
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Angle in plm

perpendicular to direction of
beam pipe beam
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Jet quenching

e Quenched jet
— Softer constituents

...... . — Broader radius

 —Looks more like
background

sl
o
R

A& (quenched) jet

Figure from Nucl.Phys. A827 (2009) 356C-364C arXiv:0902.2488 [nucl-ex]
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Large combinatorial background in
heavy 10n collisions

-
e

»+p di-jet event jn STAR
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Background in heavy 1on collisions

e |ncrease Signal/ JHEP 1203:053, 2012
(arxiv:1201.2423)
background by
. . : F ™ = 0.15 GeV/
— Increasing p, ™ threshold % _ n.:f.:ﬂ::::;:i'm.;::m:}mm.u;
for jet finding S 200 3
— Increase jet energy
— Require high p, constituent
— Restrict angular size of jet 00 |
R — _\/(Arlz_l_Ach) | o e .H__.r“ Pb-Pb i3 = 2.76 TeV
- Bias measurement L B ™
towards unmodified jets e AR
%7000 2000 3000
Hinp-.rl
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Background in heavy 1on
collisions
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If we have a fluid...

out-of-plane

10f  Au+Aus_ =200 GeV
b=7 fm

— P "H—.\_ -

Equipotential lines
‘arXiv:nucl-th/0305084

-10

Non-central Collisions

-10 -5 0 5 10
x (fm)

e Initial overlap asymmetric — pressure gradients

e Momentum anisotropy — Fourier decomposition:
d’N
dprd @
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~1+2v,cos(dg)+2v,cos(2dg)+2v,cos(3dp)+2v,cos(4dp)+2v.cos(5dg)+...
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What does this mean?

Same phenomena observed in gases of strongly interacting atoms
K, O’Hara, S. Hemmer, M. Gehm, S. Granade, J. Thomas Science 298 2179 (2002)

High viscosity R L R t
: co 0 ow viscosity -
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What does 1t mean?

Same phenomena observed in gases of strongly interacting atoms

] ] ]
P TR 7

!

Initial state anisotropies converted to final state anisotropies
Fourier decomposition:

2
dz i,v(pNl+2v1cos(dcp)+2v2cos(2dcp)+2v3cos(3dcp)+2v4cos(4dcp)+2v5cos(5dcp)+...
T
i —— [ A il
J N e RV L
Offset ki y -\
measured - 10
1Y

Equipotential lines
o arXiv:nucl-th/0305084

5 10
x (fm)
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Background 1n correlations

=
-
T

» All reaction plane angles
B(1+Zj:2 cos(nAcp))
* When trigger 1s restricted relative to osf N,

(1/B) dN/d({A6)
=]
=]

=
= :
T 1 T

reaction plane :
— Background level modified 03f
o0 sin (kc) e T A

B=1+Zk:2,4’6m 2v, cos (ko) ” R,
- Effective v, modified

ol 8) MU g 43 b Jeos(ka SR,

V= - sin(ke) Feaction

1+Zk:2’4’6._. 2v,cos (k) o R, plane

¢, 1s the angular threshold
Rn: <COS (n(wtrue_ wreco)>>

Phys.Rev. C69 (2004) 021901 arXiv:nucl-ex/0311007
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http://arxiv.org/abs/nucl-ex/0311007

Toy model
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Model for background

* True reaction plane angle 1s always at ¢=0 in detector coordinates

e Throw random reconstructed reaction plane angle
— Assume Gaussian reaction plane resolution

— Selected to approximate data

* Use measured particle yields to calculate how many associated
particles would be measured

* Use measured vn to determine their anisotropy relative to the
reaction plane

* Throw associated particles matching distribution observed in data

Christine Nattrass (UTK). Nuclear Phvsics Institute. Pracue. Januaryv 2016
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Model for signal

 Use PYTHIA Perugia 2011

o 1+, K+, E, p for unidentified hadrons

e Quarks and gluons as proxy for reconstructed jets

G S NN (Y

e el T ) 0 76 T
.. .| pp collisions

3 <thrigger< 10 GeV/c

I<p ™"<2 GeV/e

1/N_d*N/dA¢ dAn

CO0OC 000

o000
oMo AED
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Acceptance correction

e Fixed acceptance cuts leads to a trivial structure due
to acceptance

e This 1s fixed with a “mixed event” correction

— Throw random trigger, associated particle within

acceptance

— Calculate A, An

— Use this distribution
to correct for
acceptance

acceptance

Christine Nattrass (UTK). Nuclear Phvsics Institute. Pracue. Januaryv 2016
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Separating the signal and the
background
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Separating signal+background

_ -~ h-h
P - — . \s =276 TeV

S 03 e el 30-40% PbPb
-g_ozg_f 8<thr1gger<10 GeV/e

20274 -
e . .
% 0.254 "

Signal+background Signal only

SSSSS

1/N_d®N/dA¢ dan

c0odo ooo
o= e e e
OCRNEIOLNED

Background dominated region
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Near-Side Fit (NSF) method

No reaction plane dependence

o Signal+Background
0.27f— -« Background only

W NSF background
Signal+b ackground Modified ZYA1 background %ﬂ.
______________________ ~ .
e S s =276 Tev + + :H,
F 03~ 3040% PoRo

%0 299 TN e 8<p,"#<10 GeVe

Background dominated region

A9
* Project signal+background over 1.0<|An|<1.4
e Fi1t background 1n |A@|<m/2
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Near-Side Fit (NSF) method

No reaction plane dependence
e Reconstructs signal

with less bias and 0.08
smaller errors than 0.025

ZYAl method

—— T[rue signal
I NSF signal
=— Standard ZYA1 signal
iy Modified ZY A1 signal

!.‘:_/,..Z‘:A-

—
3 0.02
g
. g 0.015
o Extract v_ consistent % .o
4]
—» 0.
Wlth lﬂpUt " 0.005F
ool Yield (Y x 10 %) 0
ampee near-side | away-side
True 171 £ 0.1 £ 0.2 199 £ 0.1 £ 0.2 0.005—
30-40% |Mod. ZYA1| 18.9 £42+ 1.2 | 219+42+12
h-h [ Std. ZYA1| 157+16+12 | 187+16+12 @
NSF 17.14 + 1.1 20.14 + 1.11 $ 0
=
1\1/—h .0.005_ . . . L .
=2.76T -
3;NZO‘V Iz‘:Pbev 1 0 1 A0 2 : )
" <;) gt <10 GeV/c Standard ZYA1 = Zero Yield at A®=1
T Modified ZYAI = Zero Yield at A®=1 for 1.0<|An|<1.4
1<pTaSS°C<2 GeV/e
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Near-Side Fit (NSF) method

No reaction plane dependence

= Signal+Background
0.27f— - Background only
1 B NSF background
Slgnal_l'baCkgr(lund 0.265f~ Modified ZYA1 background %ﬂ:
lllllllllllllllllll \/SNN=276 TeV g: DEE +
g o0ad e 3040% PbPb g
© 0.29 8<p tigger -1 () GeV/c =R
= ettt 2o T E
Sozel L g :
NZ 0274 — Ec|.1
-GQJUEG IIIIIIIII B —
€0.254

Background dominated region

Ag
* Project signal+background over 1.0<|An|<1.4
 Fit background in |A@|<1
e Not reliable over narrower A¢ region
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Adding reaction plane
dependence
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Reaction Plane Fit (RPF) method ...

30-40% central

ut-ofplane

m id-plane

@

o
.
(]

id-plane :L
Signal+ifackgy

1/N d°N/dA¢ dAn
o

angles

al+Background
ground only
background

ied ZYA1 signal

ut-of-plane

\/s =276 TeV

30 40% PbPb
8<p e 10 GeV/e

SSSSS

true/reco

.'# F\‘% "\"{h N

Y | “[ A
,s* \\mﬁw

0

=
0 1 2 4
A

* Project signal+backgr01ﬁ1d over 1.0<|An|<1 4

0 1 2 3 7]

e Fit background 1n |Ag|<1 including reaction plane dependence

o v and B extracted
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° . - Nm-é:l?ne
Reaction Plane Fit (RPF) method ... % i
30-40% central \\\\

In-plane : Mid-plane 5 Out-of-plane [ All angles
0.012 | = \ = i 5 h-h
I h : Vs, =2.76 TeV
' ,’ 30-40% PbPb
< 0.008 : : ; | 8<p "=<10 GeVio
2 I .. ‘._ : [ ..I'.' i \ [ :' 1 <p assoe ) GeV/e
3 0.006 | (ke : : i i il _ [ T A
° -~
Z 0.004 A
©,0.002
z V
= 0.000 o
—— True signal
-0.0025 mm RPF signal
) Standard ZYA1 signal
-0.004 —Modified ZYA1 signal
| el el gl gl ga g gl eyl ey ad oy eyl gy
o 0.005
O - AV AR AV M " I'*N \\ % ,M %y
e 0.000 \W I ! ‘}Q“ “'-‘}!\ .VM-/‘ 'i'\. N " i “\é' o w‘ﬂr‘\;’\! ;ﬁ’% ~
O AR R e AR A a2 E AN VA L N 4 ADNF v LAy
ST NN S AR SSRGS ONSRE MR \
O
Ad Ao AQ AQ
near-side ¥ x 107" away-side ¥ x 1077
in-plane mid-plane out-of-plane All in-plane mid-plane out-of-plane All
True .78 £ 0.03 £ 013 5.77 £0.03 £ 0.14 565 £ 003 +0.13 1714+ 0.1 +02 (674 £+ 003+ 013 672+ 003 £ 0.14 652+ 003 £ 013 199+ 0.1 + 0.2
Mod. ZYAL 6.3 £ 50+ 1.7 5.7 £ 6.0 £ 0.3 6.8 £6.1+09 189 + 4.2 £ 1.2 73 £59+£1.7 6.8 £ 6.0 £0.3 T £6.1 09 219 £ 42 4+ 1.2
Std. ZYAL 4.5 £ 23 £ 1.7 5.5 £ 2303 536 £23£09 157+ 1.6 £ 1.2 535 £23£1.7 6.5+ 23 0.3 6.5+£23 09 187 £ 1.6 &£ 1.2
RPF (|Ag| <w/2) 5.0 £ 0.4 A7 + 0.3 5.9+ 0.3 17.0 = 0.7 6.6 £ 0.4 6.8 + 0.3 6.8 + 0.3 20.1 = 0.7
RPF (|Ag| <1) 5.7 £ 0.4 2.8 + 0.4 5.9+ 0.3 174 + 0.7 6.8 +04 6.8 + 0.4 6.8 +0.3 20.4 + 0.7
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=

Reaction Plane Fit (RPF) method

0-10% central

0.08F i = =
I In-plane [ Mid-plane [ Out-of-plane [ All angles
0.06F ! ' [ .
= i
g o.04
3 0.02 .- 77N
Z g N
%‘” 0.00: 7 II;&- 4 a-“ff *‘;“u'\r«_
A Ko7 A W
T [ — True signal
0.02 - @ RPF signal
I [ [ —Standard ZYA1 signal
-0.04 - - - [ Modified ZYAT1 signal
1 | | | 1 | il I I I T I P S P IS IS IATIrArS NPITAr IAE SUrSl APAPITIE AP APTATr APITEPITE AP ATErE A
0.04 2

o : — W, A, A s

e VY VNP PR 2N

-

Ay SV AN W W A Sty VA Sy T i, Ay

true-reco

0.04 i} . ) L
1 0 1A¢2 3 4 1 0 1A¢2 3 4 1 4] 1A¢2 3 4 1 0 1A¢ 3 4
e Also works for central collisions even though Vo ~276Tev
. . . 0-10% PbPb
reaction plane resolution is not great 8<p, /<10 GeVie
I<p **<2 GeV/e
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Next steps...
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Going to lower momenta, medium

modifications
e Peak gets broader

* Fit near-side peak and subtract it

e Increase An range available for backgeround subtraction

I R R VRN VRN N VR

-1 0

1A¢2 3 4 -1 0 1A¢2 3 -1 0 1A¢2 3 4

h-h, Vs =2.76 TeV, 0-10% PbPb
NN Structure from

8<p,"'<10 GeV/e imperfect fit
1<p **°<2 GeV/c for background, 0.5<p_***°<1.0 GeV/c for signal

Christine Nattrass (UTK). Nuclear Phvsics Institute. Pracue. Januaryv 2016
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2.28

SO
] ]
=% [8)]

1/N_d®N/dA¢ dAn
M
)]
%]

true-reco
true

oo
W D

- = Signal+Background
[ —»Background only
— JNSF background

- 8<p "=<10 GeV/e

— [Z1Modified ZYA1 background
L h-h, Vs =2.76 TeV, 0-10% PbPb

— 1<p <2 GeV/c for background
—  0.5<p **<1.0 GeV/c for signal

)
N
!
§ R
P

rue-reco
=

o
o —
— (%))

1/N_d®N/dA¢ dAn
5
n

0.04

002 — _J‘l‘.‘ el ’FJIJ’ H

-0.02

S
o
=

NSF method

—— True signal
I NSF signal
[ Standard ZYAT1 signal
Modified ZYA1 signal

 Project signal+background over 0.0<|An|<1.4
e Fit background 1n |Ag|<1 including reaction plane dependence
* Bias from residual contamination by near-side

Christine Nattrass (UTK). Nuclear Phvsics Institute. Prasue. Januarv 2016 29



ut-ofplane

Reaction Plane Fit (RPF) method ... g

30-40% central | % ]
0.82|} - id-plane - ut-of-plane - angles
0.800 _ _ _ al+Background
TE ground only
£ 0.78F background
© 0 76: ied ZYA1 signal
3 ¥
> 0.74F 4 3
csgm D? ,2-"...*.‘ .”'-._1._{.::5:?_" {
= 0.70 76 TeV, 0-10% PbPb
. - eV/c
0.68 eV/c for background
0 66':— ) Ge\lf/c f01rI signall
o 1.04F
@ 1.02F :
® g-gg 20 B BRI oo s pohvnie L e b e on i S
= 0.96

'1D1éé4l101g 2 1 0 1.2 3 3 1T o0 1 =2z 3 =

* Projec siﬁg¢nal+backgrou$1d over 0.0<|Aﬁqi|<1 4 B
e Fit background 1n |Ag|<1 including reaction plane dependence

o v and B extracted
R
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Reaction Plane Fit (RPF) method

1/N,d°N/dA¢ dAn

true-reco

Christine Nattrass (UTK). Nuclear Phvsics Institute. Pracue. Januaryv 2016

30-40% central

¢--

F eaction

0.08F = = =
[ In-plane Mid-plane Out-of-plane h,ﬁ‘«ll angles
0.06f - - N Vs =2.76 TeV
i 30-40% PbPb
0.04 N = = 8<p,"#<10 GeV/c
| "i s ’i'i J "';lr e ',;:, l<pTassoc<2 GeV.
B e bl i L. e B o I’ ' -"’::':*?“.
0.02- A} Wit " #iim - PR A T F R "
| 4 -l!' h‘ L & 1!'“'5’ L F' r!ll p’ﬂ' I Iiip' ' L - ‘Il'ﬂ'- 1-"' !I‘;" . & el k-
;J!r 'l-ﬁ: w ,,"Jllf "i"-::i;."--“_ . Hii '.Eé-' ' p‘:h!" .!qiii":l-;r“l"-- ";l'i “h_ H;!i iy -MI;::'.F_ :I_:'-_,! I"""L- ;_::_.,.- .:;l'
O.00PMT UMY R L i A i
| TR 0Lk ! I ! tF )
[ ‘- h-h, Vs = 2.76 TeV, 0-10% PbPb True sianal
_ = - . L 1
0.02 8<p, <10 GeVle mm RPF signal
. 1<p <2 GeV/c for background mm Standard ZYA1 signal
0.04 T Y Modified ZYA1 signal
=, — B assoc : <
| (I | | o ' NN TN T T N T T N T N B ...|O|-5|<pm||<|].-|()IGuey/p|fOI|S|1gna].||||..I....I....I....I....I....I...
0.04F :
0.02F
] e e e e e e S e Tl s S B o] LA 2t SR
-0.02F
—0.04F

* Works beautifully!
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Remaining work

e Use proper background level
o Study impact of changing An_._

— Background determined from An_. <|An|<1.4
 Add RMS calculations with error

Christine Nattrass (UTK). Nuclear Phvsics Institute. Pracue. Januaryv 2016
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Conclusions

e NSF & RPF methods better than ZYAM/ZYALI
 Benetits of RPF & NSF methods

— Do not require independent measurements of v

« v_could be different for events with jets

— Sample different events
— Effective v, 1s a weighted average over v, due to jets and due to flow

« v_1s not available for jets for n>2

- ZYAM/ZY A1 biased towards underestimating background

- Extracts signal with lower error

e Can be extended to low momenta/modified jets!
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