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J Introduction

» Dead-cone effectidFizEmZIWE/N, BEXNFEKRER, Flilc fFib X (G=E
SR 7/91.28GeVE4.18GeV) , MBI EAIENE,

» {Hdead-cone effect ZEINKHEZMNE], HAE—LEME:
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t ALICE Collaboration. Direct observation of the dead-cone effect in quantum

Declustering method chromodynamics. Nature 605, 440-446 (2022).
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J Analysis method

> Jet reconstruction

Generalised-k; algorithm. Most of the recombination algorithms used in the context .
of hadronic collisions belong to the family of the generalised-k, algorithm [56] which arXiv:1901.10342
clusters jets as follows.

1. Take the particles in the event as our initial list of objects.

2. From the list of objects, build two sets of distances: an inter-particle distance

di; = min(p;?, pi") AR}, (3.1)

t,J

where p is a free parameter and AR;; is the geometric distance in the rapidity-
azimuthal angle plane (Eq. (2.33), and a beam distance

dip = PiﬁRQ: (3.2)
with R a free parameter usually called the jet radius.
3. Iteratively find the smallest distance among all the d;; and d;g

e If the smallest distance is a d;; then objects 7 and j are removed from the list
and recombined into a new object k (using the recombination scheme) which

is itself added to the list. Two free parameters: R and p
e If the smallest is a d;, object 7 is called a jet and removed from the list. Usual values for R: 0.4,0.6,1.0
Go back to step 2 until all the objects in the list have been exhausted. ¢ kt algor_lthm: p=1 _
+ Cambridge/Aachen algorithm: p=0
ARt = \/ (¢ = 03)% + (i — my)*. » Anti-k; algorithm: p = -1
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J Analysis method
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> kT algorithm: soft emissions {/L5CZHE
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J Analysis method

» Recluster and decluster:
> ScFanti-kTHYFEHjet finding
> BACam/AachenXJjetIAYE S

recluster,

> ¥reclusterdipartonsE S MG
fEFH#fdecluster, FEJ1SEIS A
jetiESIRYINAR
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Reclustenng step 1 f\/\ Reclustering step 2

()

mBf o

o Radiator
W,

~— Charm quark Dead-cone effect

Gluon emissions are
suppressed in a cone

with 9dc = mQ/ERadiator

®  Gluon emission vertex
" Emitted gluon

0,>6,>...>6;

Egadiator,1 > -+ > Epadiator,5
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J Analysis method
»Lund map

F. A. Dreyer, G. P .Salam and G. Soyez, JHEP 1812, 064

; QCD jets, averaged primary Lund plane

Vs =14 TeV, p;>2 TeV
Pythia8.230(Monash13)

Primary Lund-plane regions
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P Smaller angles
Zpy

0 ~ ki/zp,
* E:Total energy of the radiator

* B :Angle between daughter prongs ¢ 8
* kg : Splitting scale
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https://indico.cern.ch/event/792436/contributions/3535703/attachments/1938494/

I An a |ys i S m et h Od 3213386/QM 2019 Nima_Zardoshti DeadCone.pdf

» D% > K*mt with a branching ratio of 3.89%

» DO candidates are reconstructed through:
“*PID of Kand it

“* Topological cuts on the secondary vertex

» Kand mt pairs are replaced by the D° candidate prior to jet finding

*» Mitigates against cases were the angle between the daughters is 2 U a——
larger than the jet radius — better jet energy resolution ' ,

i\

y o
t||\\ - - erter
53 ]”/’IHI!’/ veriea

D° reconstruction

+** DY candidate can be tracked through the splitting tree
» Jet finding is performed independently for each D° candidate in an event
» Jets are clustered using the anti-k; algorithm with R=0.4

» The jets are reclustered with the Cambridge-Aachen algorithm in
exclusive mode

> 5 < prjer <50 GeV/c 2 <p7p<36GeV/c |Njer | < 0.5
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3 i 2 2 | s, sk |
> Invariant mass distributions of kit fitted in bins hL i L A B T - ik b
% 1 in charged jets, anti-k;, R = 0.4 h % ~ 187 +0. g sz ] % 5<pwo<6GeV/c 1
Of pT,D %) i lri;:)|<s(;)‘5] 3<p ,<4GeV/c | '.g 1) ’;=1118.(7)ig.goMc:V\//c/:2 ‘%_) 200[- 1t = 1.87 £ 0.00 GeV/c? h
w 100k 1 =187 £0.00 eewg2 1 Yieo W[ o=124205MeV/c? 1
» Fitting performed with a Gaussian (signal) and an S I y
. . 80 120 I | ]
Exponential (background) function — o
x—mm 2 60 c) = 3. o
AxB + Ce_( 20 ) 40 ”
40
» A side-band subtraction technique is used to & 20

extract the signal

175 1.8 1.85 1.9 1.95 2
M(Kr) (GeV/c?) M(Kr) (GeV/c?) M(Kr) (GeV/c?)

} Slgnal reglon IS 120' from the peak signal region side-band region
37 030 0.25 020 0.17 0.14 0.11 009 0.07 nneig:d) 037 030 025 020 0.17 0.14 011 0.09 0.07 nnai,(n?d)

» Side-band regions are 4-90 away from the peakin g % ™m0 e [ 20
. . - = 40 ppis=13Tev 5<p;:m<5oaswc =
either direction

ARERRARERES RS T
ALICE Preliminary 2<p,  <36GeVic
pp V8= 13 TeV 5<p;"lm<50 GeVic

D in charged jets, anti-k,, R=0.4
In, <05 side-band region

» The area of the side-band region is scaled to the
area of the background under the peak

» The scaled side-band contribution is subtracted

from the signal region to obtain the signal only 5
distribution

sl b Lo b b b o Lo 1 o T = FEEE FEEE FEEE RREE NS I A R
1 12 14 16 18 2 22 240826 28 3 51 12 14 16 18 2 22 24 26 28 3
In(1/8) In(1/0)

Horizontal band : D* decays
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§ F AILICE F'rellin'linaryI | | I I: ,'gi 1= A‘LICE Prelliminary‘ I |th||<0.5 I l—z
£ 095 pyTHIAG, pp (5= 13 TeV Eficiency < 9 - POWHEG,pp 5=13TeV  5<p? <50GeV/c J
» The topological and PID cuts used for the D° § o D> Kx and chargo con e 4§, [ Pokwadchagecon )
< prompt
. . .. .. r charged jets, anti-k;, R=0.4 ] o'." 107 = charged jets, anti-k;, R=0.4 E
candidate selection have a finite efficiency 07 my<os creneomel 3§ B E E
S 06 5<p, <50GeVic =
é g POWHEG based uncertainties 3 107 = 3
» These efficiencies are calculated from MC in m 05E E TS ;
bins of prp for charm (prompt) and beauty : ] 0% & -
. age . 3F —— F EE:E ]
(non-prompt) initiated DO jets separately zz_ —_— E S = .
F = ] 10_4§ —— non-prompt =
L R e E g [ 3
» The prompt and non-prompt efficiencies are = ] - POWHEG based uncertainties i
. . . o= B —— —— - - S -5 v b b b b by iy
weighted according to their o from POWHEG L 0°7% 0 15 20 25 30 35
pT‘D( eV/c) Pro (GeV/ce)
» Afinal efficiency value per prpbin DO e
. ral
representing the correct admixture of prompt D7 030 028 020 017 014 01 B 007 006 05

ALI‘CE Prlelirninary 2< Prp< \116 GeVie
pp Vs=13TeV 5< pi:'sl <50 GeVic
D" in charged jets, anti-k,, A=0.4
Ir;labl <0.5 side-band subtracted

Inky)

and non-prompt DO jets is extracted

» The side-band subtracted distributions (in prp
bins) are scaled by the DO jet finding efficiency

» Scaled side-band subtracted Lund-Maps are
added across prp bins to obtain the final D°
splittings Lund-Map

12 14 16 18 2 22 24 26 28 3
In(1/0)
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Result

B ALICE data

= PYTHIA v.8

PYTHIA v.8 LQ/inclusive proton-proton s = 13 TeV
no dead-cone limit

Charged jets, anti-k;, R =0.4

pch,leading track
T,inclusive jet

k; > 200 MeV/c

>2.8 GeV/c

- SHERPA === SHERPA LQV/inclusive C/A reclustering ,06l< 0.5
no dead-cone limit
6 (rad)
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05F ¥ 1 .
ol v v b v B clvvv e v v b b v by g
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In(1/6)
significance 7.70 3.50 1.00
b . o R(e)no dead-cone limit
R(H) _ i | an L / 1 dnmclusweJets 1 dnLQjets 1 dninclusivejets
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kTvERadiator
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ll Conclusion

> {EFHjet declustering BRTESBEXTEYIIELIG FEZEMNZE] T dead-cone effect,
> Dead-cone effect2QCDEI— M EAMRE, MEZNMN T LASRIEQCDIEIL,

> SRNREFAREEREPN—MERSH, ATSREANFEELERNE, mE
TNEcEmdead-cone effect, LK EERERF U ZRINREER.

> BRI LAETNEbIEFAIdead-cone effect, EIRFTHREWKE. HAILINEES
FHitfERRYdead-cone effectRHARNERFHIQCDIEST,
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The dead cone effect is a prediction of QCD, the theory of strong interactions within the Standard Model of particle
physics. It originates from the radiation pattern off a heavy quark as obtained in perturbation theory [1, 2]. For an
energetic heavy quark @ of mass Mg and energy Fg such that Eg /Mg > 1, the gluon emission probability for small
emission angle © and low energy w, can be written as

s 0%de?  dw
dUQ%Q+ggf;TCFG§§;725§::a (1)

with angular cut-off ©y = Mg/Eqg; as denotes the strong coupling constant and Cr the QCD colour factor at the
branching vertex () — ) + g. Therefore, for smaller emission angles © < ©g, gluon radiation is suppressed and
vanishes in the forward direction such that the region with the gluon depopulated cone around the flight direction of
the heavy quark () is called “dead cone”. For large emission angles ©® > 0O, the gluon radiation pattern becomes
identical to that of a light quark jet, and the same statement holds for the internal angular ordered structure of
secondary gluon subjets.

arXiv:2303.13343 [hep-ph]
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ll Back up

the dead-cone angles in each Eg,g;,or interval, 8. < mq/Eg,giaor» Where
emissions are suppressed. For a charm-quark mass mq, =1.275 GeV/c?
(ref."), these angles correspond toIn(1/6,.) >1.37,2and 2.75 for the inter-
vals 5 < Eg,giator <10 GeV, 10 < Eg,giacor < 20 GeV and 20 < Eg,giacor < 35 GeV,

and 20 < Egagiacor < 35 GeVintervals. It was verified through the MC simu-
lations that non-prompt D°-meson tagged jets should exhibita smaller
suppression at small angles in R(6) compared with inclusive jets than
their prompt counterparts. Thisis due to the additional decay products
accompanying non-prompt D°-meson tagged jets that are produced
inthe decay of the beauty hadron. These may populate the dead-cone
region, leading to asmaller observed suppressionin R(6), despite the
larger dead-cone angle of the heavier beauty quark.
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Majority of QCD branching is soft & collinear, with following divergences:

2045CA dEJ' d@,j
m  min(E;, E;) 05

[dkj] Mg g, (i) = (B < Ei, 0 <1).

To invert branching process, take pair with strongest divergence between
them — they're the most likely to belong together.
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. Decluster the current object to produce two pseudojets, p, and pp, labelled such that

DPta > Py, Where py; is the transverse momentum of ¢ with respect to the colliding
beams. We will consider p, to be the emission and p, + p, to be the emitter. In the
limit where pp carries little momentum relative to p,, pe + pp and p, can be thought
of being the same particle, simply differing through the loss of a small amount of
momentum by the radiation of a gluon py.

. Determine a number of variables associated with the declustering, e.g.

A=Ay, ke = plap, M = (o + b))%, (2.1a)
_ Pty . . 1 Y—Ya

z = , Kk =zA, 1 = tan : 2.1b

Pta+ Db Pb—Qq ( )

In the limit py, < pye and A < 1, k; is the transverse momentum of particle b (the
emission) relative to its emitter, v is an azimuthal angle around the (sub)jet axis,
and z is the momentum fraction of the branching. In our default definition of the
Lund plane, the coordinates associated with this declustering will be In A and In &;.
One may also, however, make other choices of coordinates, such as for example In A
and Ink, or In A and In k¢ /ptjer (with pgjec the jet transverse momentum). We will
denote the variables as a tuple 7 = {kf), A@ .} for the i*® iteration of this step.

. Repeat the procedure by going to step 1 for the harder branch, p,.
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DO Inclusive
@ (rad) ¢ (rad) o
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» Sources of Systematic The 2D unfolding of the Lundplane is beyond the scope of this analysis,
unce rta|nty for DO jets : as matching different stages of the splitting history at truth and detector level
is poorly defined. Therefore the final reported observable will be a detector

*

*%* Fitting variations
<* Cut variations Table 1| R(8) systematic uncertainties
¢ Side-band variations
* . e Source ERadiator
% POWHEG variations 5-10GeV  10-20GeV  20-35GeV
) ¢ Tracking Efficiency Invariant-mass fitting 2.3 1.4 3.0
Side-band subtraction 2.0 1.8 1.4
D% jet selection stability 41 50 7.2
. . Non-prompt contribution 1.0 3.5 11
» SO urces Of SVSte matic Leading hadron p; selection 2.0 3.2 0.2
uncertainty for inclusive jets : Detector effects 0.7 5.2 0.9
Total 5.6 8.9 81
% Min pr cut on hardest s eyt mceraity, for tha (8 arabls o sho o he amllctsling anclo
track in leading splitting TSIV 2<iVE)=S.

prong varied
¢ Tracking Efficiency
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