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Hard probes measurement projections with oxygen

Generally rely on a reference for

Vislavicius (ALICE) OppO’21
Huss et. al. [2007.13754], [2007.13758]

Cancellation of pQCD (scale, PDF) uncertainties
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Hard probes measurement projections with oxygen

nPDF baseline

with energy loss

Generally rely on a reference for

Vislavicius (ALICE) OppO’21
Huss et. al. [2007.13754], [2007.13758]

Cancellation of pQCD (scale, PDF) uncertainties

Cancellation of experimental systematic uncertainties
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Hard probes measurement projections with oxygen

nPDF baseline

with energy loss

Generally rely on a reference for

Vislavicius (ALICE) OppO’21
Huss et. al. [2007.13754], [2007.13758]

Cancellation of pQCD (scale, PDF) uncertainties

Cancellation of experimental systematic uncertainties

Important both for energy loss (OO) and 
nPDF constraints (pO)

Precision especially crucial for measuring small effects

Paakkinen OppO’21
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OO pOcomissioning days
1 22 3 4 5 6 7 8

com.

0

OO

• Additional commissioning time to change beam energy. 
• Additional time for pp reference measurement.

p-p p-Pb Pb-Pb O-O p-O

13.6 TeV 8 TeV 5.02 TeV 6.37 TeV 9 TeV

14 TeV 8.79 TeV 5.52 TeV 7 TeV 9.9 TeV

Planned pp measurements

Oxygen running in LHC Run 3

(Depending on 
machine condition)

pp references at OO, pO energies likely not possible in a short run

Alemany Fernandez OppO’21
Bruce OppO’21



Constructing a reference 
A.    Perturbative QCD
B.    Interpolation between measurements at nearby energies
Rescale available data at 5.02 with calculated 6.37/5.02 ratio. 
Many systematic uncertainties cancel in the ratio

Bypassing the need for a reference at the same energy: mixed-energy ratio
C.    Ratios of OO to pp at different center-of-mass energies

Jasmine Brewer, Aleksas Mazeliauskas, Wilke van der Schee 8

Possibilities for a reference

Brewer, Huss, Mazeliauskas, van der Schee (in preparation)
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A. Perturbative QCD

Brewer, Huss, Mazeliauskas, van der Schee (in preparation)
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missing higher order terms in perturbative expansion
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pQCD spectra compared to measurements in pp

hadrons

Individual hadron spectra are off but ratio is in agreement with NLO pQCD
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pQCD spectra compared to measurements in pp

jets

Jet spectra and their ratio agree with NLO pQCD
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See also extensive study of 2.76 and 7 TeV in ATLAS [1304.4739]
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B. Interpolation between measurements at nearby energies

Brewer, Huss, Mazeliauskas, van der Schee (in preparation)
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7 TeV
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Interpolation using global fits of pp spectra

ALICE measured hadron spectra

High 𝑝!: 
d�

dpT
= A

p
s̃
�
x̃n(x̃T ,

p
s̃)

T

<latexit sha1_base64="s1+Oif4VmIUnIfsv4fU0GUHZGVc="></latexit>

2.76 5.02 7

5.02 8 13.66.37

example

Run 3

Dependence on
• Functional form
• Data included in the fit

• 𝑝! > 7 GeV (hadrons)
𝑝! > 40 GeV (jets) 

n � {1, xT , log xT , f(
p
s), f(

p
s)xT , f(

p
s) log xT }

<latexit sha1_base64="2nNLE7dqAEiC//cNe3g36sFrec4=">AAACPHicbVBLSwMxGMz6rPVV9eglWIQKpexKRY9FLx4r9gXdUrJptg3NZtfkW7Es/WFe/BHePHnxoIhXz6YPxLYOBCYz35B840WCa7DtF2tpeWV1bT21kd7c2t7Zzezt13QYK8qqNBShanhEM8ElqwIHwRqRYiTwBKt7/auRX79nSvNQVmAQsVZAupL7nBIwUjtzK7Gr40gzwG7i5PFDu5LHrgi7E+bnXH2nINHDk5nLgvubwe6wncnaBXsMvEicKcmiKcrtzLPbCWkcMAlUEK2bjh1BKyEKOBVsmHZjzSJC+6TLmoZKEjDdSsbLD/GxUTrYD5U5EvBY/ZtISKD1IPDMZECgp+e9kfif14zBv2glXEYxMEknD/mxwBDiUZO4wxWjIAaGEKq4+SumPaIIBdN32pTgzK+8SGqnBadYOLspZkuX0zpS6BAdoRxy0DkqoWtURlVE0SN6Re/ow3qy3qxP62syumRNMwdoBtb3DzWWrFw=</latexit>

xT = 2pT /
p
s

<latexit sha1_base64="s/gHno+w6mGzS3/jDk9ndOrODvI=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQrOJuiGgjBG0sI+QFybLMTmaTIbMPZ+6KYU3hr9hYKGLrb9j5N06SLTTxwOUezrmXuXO8WHAFlvVt5JaWV1bX8uuFjc2t7R1zd6+pokRS1qCRiGTbI4oJHrIGcBCsHUtGAk+wlje8nviteyYVj8I6jGLmBKQfcp9TAlpyzYMHt44vcRnHup/irrqTkKqxaxatkjUFXiR2RoooQ801v7q9iCYBC4EKolTHtmJwUiKBU8HGhW6iWEzokPRZR9OQBEw56fT+MT7WSg/7kdQVAp6qvzdSEig1Cjw9GRAYqHlvIv7ndRLwL5yUh3ECLKSzh/xEYIjwJAzc45JRECNNCJVc34rpgEhCQUdW0CHY819eJM1yya6Uzm4rxepVFkceHaIjdIJsdI6q6AbVUANR9Iie0St6M56MF+Pd+JiN5oxsZx/9gfH5A763lKw=</latexit>
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Interpolation using global fits of pp spectra

Fit: maximize (log) likelihood

Consider two cases: other systematics
• Fully correlated (cancel) 
• Fully uncorrelated

logL = �1

2

X

p
s

(y
p
s

fit � y
p
s

data) · (C
p
s)�1 · (y

p
s

fit � y
p
s

data)

<latexit sha1_base64="q/DEEmkTa4fwiGoXe6mZd4m3z+4="></latexit>

(C
p
s)ij =

⇣
�statp

s

⌘2
�ij +

⇣
�lump

s

⌘2

<latexit sha1_base64="p/CWTkLv/Fz/irFB+66Tg6U8ee8="></latexit>

+
⇣
�sysp

s

⌘2
�ij

<latexit sha1_base64="/TmTq3pwUEj0EV1pysXjD6ciaWM="></latexit>

Covariance matrix

Gaussian 
statistical 

uncertainties

Luminosity 
uncertainty fully 
correlated at each 

energy
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5.02 TeV
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Interpolation using global fits of pp spectra
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Sensitivity of interpolation to fit forms and assumptions

<5% uncertainty from functional form, but more substantial sensitivity to 𝑝&'()

Hadron 6.37/5.02 TeV Jet 6.37/5.02 TeV
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Impact of uncertainties on the anchor energies for interpolation
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Sample distribution of fits consistent with data within 
uncertainties (Markov Chain Monte Carlo)
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5.02 TeV
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7 TeV
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Gives confidence bands on the interpolation

Impact of uncertainties on the anchor energies for interpolation

Sample distribution of fits consistent with data within 
uncertainties (Markov Chain Monte Carlo)
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Impact of uncertainties on the anchor energies for interpolation

Using three energies gives smaller uncertainties than using two
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C. Bypassing need for reference with mixed-energy ratios

Brewer, Huss, Mazeliauskas, van der Schee (in preparation)
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pO is crucial for constraining nPDFs

Bypass constructing a reference: OO/pp at different energies
• nPDFs (not pp) are correct baseline for no energy loss
• Comparable uncertainty cancellation to OO/pp at the same energy
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Summary

~ few-5% uncertainties on constructing a reference either from pQCD or 
from data-driven interpolation
• pQCD has few-% uncertainties, but is not identical to interpolation
• Can pp measurement at 13.6 TeV be used in reference interpolation?

Ratios of OO and pp measurements at different center-of-mass energy
• To what extent can experimental systematics be cancelled in OO and pp 

at different energies?
• Oxygen nPDF constraints crucial for measuring energy loss. Can mixed-

energy ratios provide comparable constraints compared to pO reference?
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Uncertainties in constructing pp reference: hadrons
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Uncertainties in constructing pp reference: jets


