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Motivation

- People are looking for collectivity in pp and ee
as a possible sign of QGP

- long range AY correlations are the signal of collectivity

(@) pp Vs =7 TeV, N> 110 (b) pPb sy =502 TeV, 220 <N™ < 260
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- Is the near-side ridge in high-multiplicity pp events
due to QGP or massive jets?



Motivation

Long-range AY correlations may emerge
due to highly virtual partons (massive jets)

n the hard process

o

. ‘ !
(@) pp Vs =7 TeV, N> 110 (D) pPb |5y =5.02 TeV, 220 < Ngi™ s 260 (C) PoPb s =276 TeV, 220 < NJj™ s 260
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Motivation

To get long range AY correlations, we need massive jets

phasespace of hadrons in ajet 4

Initiated by a leading parton of

-

momentum PM:(Ejet,Pjet)
is an ellipsoid of width M ,,,

jet
and length E
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Motivation

To get long range AY correlations, we need massive jets

We can have hadrons
with large AY

if p, and p, are

small enough

beam

jet



Motivation

To get long range AY correlations, we need massive jets

But, the jet cone might 4

exclude hadrons
with large AY

jet
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jet



Motivation

To get long range AY correlations, we need massive jets

(a) pp Js=7 TeV,N
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M [GeVie2]

How large M., do we need?

Lets say, we calculate v (p_) from hadron pairs with AY =3
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Outline

- Off-shell fragmentation and scale evolution

- Long-range correlations of hadrons stemming from
highly-virtual leading partons

- v2 In fix multiplicity jets



Outline

- Off-shell fragmentation and scale evolution



Off-shell fragmentation function

- Initial function at starting scale Q,

- Scale evolution



Model for a jet at Q,

« Statistical model for the initial FF at starting scale:

The haron distribution in a jet of n hadron with total momentum P
P,

2

q a2
P, p1 P, d3pdl(;3p2"=ﬁx oc (1—x1—x2+x12) n-4
E x,=2P,pi/M*, x,=2p, po/M
« Averaging over multiplicity fluctuations of the form of |P(n)= ”: i B 1) p"(1-p

results in an initial FF of the form of

]—1/(q—1)

= A[1+q;1x

d3p

Urmossy et.al, Eur. Phys. J. A (2017) 53: 36 ; PLB, 701: 111-116 (2011); PLB, 718, 125-129, (2012)




Off-shell Scale-evolution (in the @2 theory)

Difference from the standard way: the leading parton is off-shell
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Thus, the fragmentation scale is the jet mass

Hadron spectrum: leading parton (of momentum P) emits

on-shell daughter partons (of momentum k) that
fragment to hadrons at low virtuality m,
dz X 2)
—, mO

D(x,pP?| = f7 8(1—z)+g’A(z,P%) D, :

Which can be inverted (up to O(g?))

dz

Do(x,m(z)) = f7 [6(1—2)—92A(2,P2)]D

Differentiate wrt In(P?)

X , pz)
- DGLAP equation

) 2 dz
D x,P| = | — D
dln P’ (X’ ) f z

X p2| 20O 2 splittin
—, P Alz , p —l P g
z ) J oln P’ ( ) function

N N N R , P(z)
alnPZD(m,Pz) = Dlw,P? ¢*P(w) - f((g):{dxx‘”_lf(x)




Model for a jet

- Scale evolution of the parameters of the model:

- approximation:

D(x,t)

- Prescription for a few moments of D:

[ Do(x.0) = [ Dlx.t)
fxDapx(x,t) = :xD(x,t) =1
(by definition)

fx2DapX(x,t) = fxzD(x,t)

—

a1:f)(1)/[30’

OL4(t/t0)_a

T—ay(t/t,)"

a2=f’(3)/[30

Urmossy, Eur. Phys. J. A

(2017) 53: 36



Scale = jet mass!!!

Inside jets

Mll 49@/\%§)

The fragmentation
function:

The multiplicity
distribution:

Eur. Phys. J. A(2017) 53: 36

Inside jets
& 4
%w "
\j
. —1/(q—1)
D(x) ~ (1+q_c X
P(n) ~ "+r—1)pn<1—p>r
r—1
p = (g—1)/(v+q—-1)



Evolution of multiplicity

Evolution of the mean multiplicity and its dispersion:

(n)

(n*)—(n)’

4—3q,
To

(t/t0>_a2 ~ lna(Mjet)

220 g 41— ()

Eur. Phys. J. A(2017) 53: 36




The model works for longitudinal and transverse

momentum distributions in jets

e'P - 2jets
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K. Urmossy = Off-shell fragmentation

Scale evolution of the fit parameters
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Outline

- Long-range correlations of hadrons stemming from
highly-virtual leading partons



Long-range correlations in fat jets

1-particle distribution

E =110 Gev
P = 85 Gevic
M = 70 GeVic?

Correlation

Background




Long-range correlations in fat jets

Signal
Background

Correlation

away and near-side
ridge-like structure



Long-range correlations in fat jets

(@) pp s =7 TeV, N 110 (D) pPb |y = 502TeV,220 < N:< 260 Correlation
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v2 from large 2<|An|<4 correlations

Correlation Correlation Correlation Correlation
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v,in1 jet
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v.in1 jet scaled by p =

> P, = 50 GeV/e
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Averaging over jet mass fluctuations
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Outline

- v2 In fix multiplicity jets



Fix Multiplicity
Events



M [GeVie2]

Jet Mass dependence
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Multiplicity dependence
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Fix multiplicity v2
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Conclusions

We have a fragmentation function for
highly virtual partons. The frag.scale
IS the jet mass

We have a FF for jets of fix multiplicity

v2 of large AY hadrons seems to be discribable
by fragmentation of off-shell leading partons



Back-up Slides



15—

]

correlation

1 |

[ =

Yt byn

/A
1]
delta phi

1
ol
—

o

ETOTET21I00

l
_..-Ir_ —
—

SUOTR[I1I00

l
il
]

0.5

o



correlablons

Ve

1.5

0.5

0.5

(OTIB]A1I02

correlations '
flatten

v, decreases

0.5

2 4 i

correlations

delta phi




correlablons

Ve

Q
‘b\s
2 T | T
15F —
_——
L -
05 —]
0 | | |
0 2 4 A
1 I I I .
correlations ' ' '
steepen
g /\
0aF — fm /\
:
v, increases 0 /\
0 | | i ] //I\_\
0 g 4 6 * -3 0 3
pT

delta phi



correlablons

Ve

Q//
‘b\s
2 ! ! ! 15—
15F — ~
=2 1
i =y
A = R -
=05 -
05 —
{0
0 I | |
0 2 4 A
1 I I I .
correlations ' ' '
flatten |
g /\
0.5 n ks n /\ _
:

v, decreases

0 2 4 i 0

delta phi



correlablons

Ve

\Q//
‘b\s
2 I I I
1.5 — -
=
i =y
I-E_
05 —
0 |
0 2 % .
1 I I I .
correlations ' '
steepen
0.5 . B L
v, increases 0ar
|:| | | 1 | /{I\'\
0 2 4 i 0 - ;
pl

delta phi




Particle Multiplicity fluctuates according to the Negative-binomial distribution

10

pp — jets @ 7 TeV pp - h* @ LHC AuAu - h* @RHIC
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Spectrum and v2
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v2 in pp and PbPb
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