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Motivation

Motivation: QCD is high multiplicity!

CMS Experfment at the LHC, CERN
Datavecorded: 2016-Oct-14 09:33:30,044032 GMT,
Run./ Event /1-S: 283171./95092595 / 195

@ The "high luminosity" HL-LHC era anticipates significant pileup.
o At 13.6 TeV — (Npy) = O(70), and as high as 200!
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The QCD power spectrum

QCD power spectrum: Construction

Project an event's normalized, energy-density onto S? = p(F)

Decompose into spherical harmonics

e i
A= sl

1=0 m=—1

Construct dimensionless power spectrum

— = / dQY™ (0, 6)p(6, 6)

/dQ/dQ’ P)p(F)Pu(P - 7') = 2,+1Z|/!2

For a finite sample of N discrete particles, each with an energy fraction

E;
- E tot

N
= £6%(6i,6i) =
i—1
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The QCD power spectrum

QCD power spectrum: e' e~ annihilation

Two-parton final state Three-parton final state
(efe” —qq) (efe” —qqg)

Every kinematic depiction is back-to- Every kinematic depiction is not

back in CMF. the same.
Every power spectrum H; is the same. 2-jet-like vs. 3-jet-like.
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QCD power spectrum: e e~ — qgg — hadrons

e Correlations are global:
information is spread across
all moments

@ N # n: The spectra for N

L e T T measurable particles and n
! originating partons are not
LU - the same.
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QCD power spectrum: N # n

N
27 27
H = Z fifjPi(cos 6j) ¢E= T = &min = ;
.o max
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The extensive particle

The extensive particle: Shape function

/dQ/ 49 o(Pp(P)Po(7 - 7)

o The asymptotic plateau is caused by the §2(7 — p;) distributions

@ Replace point particles with extensive particles described by a shape

function

We need an h;(F):
@ That is square-integrable

o Distributes energy flux
azimuthally symmetrically

o Gaussian-like

@ Periodic
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@ Solves the
infinite-power
problem

@ Makes sense
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The extensive particle: Pseudo-Gaussian
(A =7-pi)

. 1
hiF) = S et — o2y OP ( N2
_ ! 62 _
el,lg] hi(F) = 7z &P (—2/\2> —> Reduces to Gaussian.
h()

—— Gaussian |
)

'

'

'
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Power jets: Two-jet-like event

3-prong fit 4-prong fit
1 R A Anas n A 1 -
0.8 t+ ] Fit .
_06 —
0.4 .
0.2 ‘ '
T NI T o L
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

l l
The 3-prong model doesn't well fit
for | > 10. We add another prong.

<
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Power jets: Three-jet-like event

3-prong fit 6-prong fit

0 N R IR I B M
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
l

For a three-jet-like event, we make a
6-prong fit.
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Power jets: Anti-k; comparison

Power jet energies and angles are stable to high pileup.
Anti-k; jets become sensitive to pileup subtraction procedure.

S/N=1 (foy = 0.5) S/N=1/5 (foy = 0.8)
0.1 0.016
0.014
0.08 0.012
0.06 0.01
T < 0.008
= 0.04 = 0.006
0.004
0.02 0.002
0 0

power jets anti-k; power jets anti-k;
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Conclusion

Identified key features of the QCD power spectrum

Addressed the divergence in total power

Formalism to extract all accessible correlations, with angular resolution
built in
Jet reconstruction algorithm without imposing an arbitrary cut

Next step: extend the existing formalism to hadronic colliders

THANK YOU! QUESTIONS?

Mithila Mangedarage (I1T) Power jets CTEQ Spring Meeting 2024 13 /13



Additional slides

Mithila Mangedarage (I1T) Power jets CTEQ Spring Meeting 2024 1/7



Motivation: Long-range correlations

(@) cms ILdr:3 10
PbPb\y, = 2.76 TeV, 0-6% centralty

@ Long-range, “ridge” correlation
in p-Pb, Pb-Pb collisions

@ Same correlation seen in
high-multiplicity p p collisions

N
ng dAn dAg@

1

(d) CMS N> 110, 1.0GeV/c<pT<3.0GeV/c

-1
(d) CMS pPb \s,, = 5.02 TeV, L= 35 nb
220 <N < 260

=
N

1<p;’<3Gev NA-h q
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s <
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Els 32f &
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QCD power spectrum: et e” — qg

H; = 2 Pj(cos0) 4 2f fP(cos ) + £ Pj(cos 0)

= 1P = P(1)]
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QCD power spectrum: Correlations are global

H,E/dQ dQ p(P)p(F)Py(7 - 7') = H) = Zf /(cos 0;7)
Q/

o Difficult to fit broad shapes
o Every correlation appears at every moment

6000 FT

5000

4000 |

3000

DI (k)

2000 (-

1000 |-

oF, .
600 £
300 F

ADIT
o

-300
600 |

Power spectrum of the CMB

2 10 30 500 1000 1500 2000 2500

even
odd ——

Event A matnx element

Event B - showered
i

Event B - matrix element

Hl
0.4
EM) 02 b
30 W
0
-30
360 0 0

n
200 400 600 800
I

1000

QCD power spectrum of two events
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|
QCD power spectrum: Asymptotic plateau

N
p(F) = Z f.02(0;, 1) = Z H; — oo
i—1 I

He = (fIf) + (f] (Pe(1p) - (B ) — 1) |f)
If inter-particl .
se inter-particle

I\
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Y
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Power jets: Challenges in sequential jet-clustering
(anti-k;)

d? = p}zl cluster becomes a jet
Ay,-f + Agf),?j

o merge two clusters

2 R —2 -2
82 = min(p7? p7%)

@ One correlation at a time

@ Uncertainties in pileup correction dominate over instrumental
uncertainties for low- and medium-p; jets

@ Average pileup subtraction throws away some jet info
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Power jets: Reconstructed kinematics

Table: Reconstructed 3-jet kinematics for the 2-jet-like event.

(GeV) E1 E2 E3
parton 190.1 172.8 37.00
power jets 190.4(0) 174.2(1) 35.52(8)
error 0.1% 0.7% -4%

Table: Reconstructed 3-jet kinematics for the 3-jet-like event.

(GeV) E1 E; E3
parton 163.0 143.5 93.56
power jets 162.0(1) 146.3(4) 91.68(4)
error -0.6% 2.0% -2.0%
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