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Jet-associated deuteron production in p-p 
collisions at 13 TeV with ALICE at the LHC 
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the nature of deuteron production is a long standing mystery in HE physics 
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The Coalescence Model 
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(PHENIX)   Phys. Rev. Lett. 99, 052301 

deuteron anisotropy measurements are 
consistent with coalescence picture 

v2 is approximately additive from 
constituents to composite particles 

In order to coalesce, the p and 
n must be emitted (last 
scattering) at a separation 
similar to the deuteron size.  
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deuteron coalescence model measurements 

Phys. Rev. C 93, 024917 (2016) 

Phys.Lett. B639 (2006) 192-201 
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are deuterons made in jets? 

Jet 
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N 

P 

In order to coalesce, the p and 
n must be emitted (last 
scattering) at a separation 
similar to the deuteron size.  

N P 

Nucleons from jet and bulk can in 
principle combine; but what is 
their spatial relationship?  Where 
do jet fragments form? 

N 
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How do jets produce baryons? Are 
they correlated or anti-correlated 

with other baryons at close 
momentum? Hydro 

Bulk 

Coherence 

volume 
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is coalescence more or less likely inside jets? 

Brennan Schaefer 



8 

key questions include: 

are deuterons made in jets? 
 
if so, what is B2 inside jets, background? 

plan of attack: 

analyze 2-particle correlation with 
deuterons, protons in yr: 2015-17 
13 TeV p-p dataset, 1B minbias events. 
 
(p-p events minimize contribution from flow) 
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Df 

trigger hadron 5.0+ GeV/c  

associate deuteron 

correlated uncorrelated 
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The Inner Tracking System has six 
layers of silicon. 

The Time Projection Chamber is the 
world’s largest (88m3). 

The Time Of Flight has 157k channels. 
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From a Google search, this is how 
you’d think we enter ALICE. 

How we normally get inside 
the detector. 
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Identifying Deuterons 

from tracking 

TTOF – T0 
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with 3s TPC band cut  

parametrization comes 
from Bethe-Bloch  
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2s TOF-PID cut 
and sidebands 

1.0 GeV/c lower limit 
is used to avoid 

secondary deuterons 
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deuteron identification cuts are made using raw m2 data 

Brennan Schaefer 



cuts use mean, width functional fittings 
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deuteron candidates with 1.0 < pT < 4.4 GeV/c 
are in about 1/4500 p-p 13TeV events 
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deuteron to hadron(3.0+ GeV) correlation 
Df 

trigger hadron 3.0+ GeV/c  

associate deuteron candidate 
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1. Subtract uncorrelated pairs “underlying event” with ZYAM 
method (zero yield at minimum). 
 

2. Correlated yield is divided by the total trigger hadron count. 
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3. Find impurity ratio with mass-squared fitting. 
 

4. Select side-band regions above and below candidate region. 
 

5. Subtract purity weighted (side-band correlated yield / trigger). 
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is the correlation due to impurities? 
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B/(B+S) of separate charges is combined using statistically weights 
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0.4% back. (2s) 
𝑠𝑖𝑔𝑛𝑎𝑙 =   
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2 /2𝜎2

𝐴𝑒−(𝑥−𝜇−
𝛼𝜎
2
)
𝛼
𝜎

  
𝑥 ≤ 𝜇 + 𝛼𝜎

 
𝑥 > 𝜇 + 𝛼𝜎

 

𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 = 𝑒𝑎+𝑏𝑥+𝑐𝑥
2 

 



6.2% back. (2s) 
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B/(B+S) of separate charges is combined using statistically weights 

0.8% back. (2s) 
𝑠𝑖𝑔𝑛𝑎𝑙 =   
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𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 = 𝑒𝑎+𝑏𝑥+𝑐𝑥
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Df 

trigger hadron 

associate sideband track 
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Deuteron and anti-deuteron production in pp collisions at 13 TeV 

Donigus, ANA-3952 

 

f(x) =  a0 + a1 x
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function values in 0.1 GeV/c 
intervals are weighted with 
spectra inside each bin 
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efficiency & 
acceptance 
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https://aliceinfo.cern.ch/Notes/node/630
https://aliceinfo.cern.ch/Notes/node/630
https://aliceinfo.cern.ch/Notes/node/630
https://aliceinfo.cern.ch/Notes/node/630
https://aliceinfo.cern.ch/Notes/node/630


from 1.0 - 1.5 GeV/c the 
correction is: 
 

Aa + Bb + Cc + Dd + Ee 
        A+B+C+D+E 

function values in 0.1 GeV/c 
intervals are weighted with 
spectra inside each bin 
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efficiency & 
acceptance 

24 Brennan Schaefer 



mixing tracks are selected from the same pT interval, 
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Df 

associate deuteron 

non deuteron tracks 
from different events 
with comparable ITS-TPC- 
TOF requirements 

Dfmix 

high pT track 

pair reconstruction efficiency is accounted for using event mixing 

z-vertex range, and event multiplicity 

Brennan Schaefer 
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÷ 

mixing result 

𝑐 =
𝑟𝑒𝑎𝑙_𝑏𝑖𝑛

𝑚𝑖𝑥_𝑏𝑖𝑛
∙
𝑚𝑖𝑥_𝑠𝑢𝑚

𝑟𝑒𝑎𝑙_𝑠𝑢𝑚
 

= 

raw deuteron correlations 

pair corrected yield 
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Per-trigger deuteron yields 

  !!  remaining work: duplicate per-trigger yields for protons 

𝐵2~
𝑑𝑒𝑢𝑡𝑒𝑟𝑜𝑛_𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑_𝑦𝑖𝑒𝑙𝑑𝑠

(𝑝𝑟𝑜𝑡𝑜𝑛_𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑_𝑦𝑖𝑒𝑙𝑑𝑠)2
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the production of light (anti)-nuclei is 
simulated using PYTHIA afterburners  
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3He measurements! 
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the production of light (anti)-nuclei is 
simulated using PYTHIA afterburners  
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also anti-triton! 
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selecting pure deuteron associates 
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basic cross check 
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5.0+ GeV/c trigger hadron 

 charges 

combined 

Brennan Schaefer 

basic cross check 



backup 
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raw deuteron correlations 

÷ 

𝑐 =
𝑟𝑒𝑎𝑙_𝑏𝑖𝑛

𝑚𝑖𝑥_𝑏𝑖𝑛
∙
𝑚𝑖𝑥_𝑠𝑢𝑚

𝑟𝑒𝑎𝑙_𝑠𝑢𝑚
 

= 
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alternatives to the coalescence model….? 

Z ->  d d     Phys. Lett. B 639, 192 (2006). - 
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