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omena at large multiplicity fluctuations
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The tool: generating function

® The generating function (or partition function) for a multiplicity probability
distribution P(n) = P(n; E, R)

00 So+i7r
Z(s) =) _P(n)e™ <= P(n) = ! / Z(s)e™ds
n=0 S

270 Jsy—in

e Nice properties to unpack convolution

Pa(n) = Py(m)Pc(n— m) <= Za(s) = Zy(s)Z(s)
m=0
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Multiplicity distribution of exclusive jet

Radiations inside the jet and assume independent fragmentations of daughter partons:
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e Multiplicity is soft sensitive, implement angular ordering for soft radiations.
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From exclusive jet to semi-inclusive jet

(A (B) © é é :

® Qut-of-cone radiations cause a change of energy w; = zw or flavor of the parton.

® Jet multiplicity function factorizes: I\/I{(z7 s) = Jii(z) x Zi(s).
® Semi-inclusive jet function with flavor identification

9 [qu(%whﬂ)} _ as(p?) { Paq(2) qu(z)] ® [qu(szb.u)}
Olnp? |Jig(z,wy, 1) 21 |2nfPgg(z) Pgg(2)| ~° |Jjg(z,wy, 1)
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The evolution equations for internal multiplicity (Leading Log)

® Perform the non-linear equations in the angular ordered form ( =1 — cos 6:

0Zi(s,wy, ¢ / dx kL)@ kL

pas s : QO) % Z {Pji(x)a(x)zk(l — X) + Pk,'(X)Zk(X)Zj(l - X)}

Qo severs as a infrared cutoff to regularize the calculation, k3 = 2¢[x(1 — x)w,]?,
Zi(x) = Zj(s, xwy, C).-
e Factorized formula to get final cross section level information:

do—ppﬁJ(n)+X

= d i 9 z JI 9 9 P 5 5
dprsdd dn; ; pp—i(PT./2, 1) ©z (2, pim; 115) % Pj(n, Crs o)
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Comparison to CMS data v = N/(N)
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® Both our calculation and PyTHIA8 (FSR) simulations reproduce the overall shape of

the multiplicity distribution well.

® However, they systematically underestimate the very high-multiplicity region (v 2> 4)

(Lack of higher-order corrections? Such as intrinsic 1 — 37).
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Energy-energy correlator as a starting example
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Hierarchy of scales with multiplicity conditioning
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One can map the jet multiplicity—conditioned EEC
contributions as follows:

Emissions below 6 do not modify EEC at leading
power, just changes multiplicity.

Emissions at angle 6 gives the LO signal.
Emissions from 6 to R modifies EEC and
multiplicity.

Emissions larger than R, causes semi-inclusive jet
function evolution.
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The evolution equations for EEC conditioned on multiplicity

® > (s,0,u) as the joint multiplicity EEC distribution. The initial condition are:
dzi'ni 79’ 1 as
%: a /d 7Z[x(1 x)]{ () Zi(X)Ze(1 = X) + Pi(x)Zk(x)Z (1,X)}

The anomalous dimension thus depend on Z(s):

8(d): (soch

as(k k Q)
dln¢ /d - WL 022{1’

dz (x) _ d¥i(s.0.xwy,0)
e

A% .(1

)Zk(l —x) + Pk,-(x)TfX)ZJ(X)}

Z/(x) = Zj(s,xw,¢) and
Z(s) evolves independently, since EEC measurement does not affect multiplicity.
Jet joint multiplicity EEC function factorizes: Z{:(z,s, ) = Jii(z) x Xj(s,0).
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EEC conditioned on normalized multiplicity v = N/{N)
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® Summing the multiplicity-conditioned EEC reproduces the standard EEC evolution.

e Conditioning on multiplicity biases the amount of radiation between 6 and R,
thereby altering the EEC slope.
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Why study EEC conditioned on multiplicity?

-slope
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v-dependent EEC slope: a high-resolution window into perturbative partonic
multiplicity evolution.
Multiplicity selection biases can generate notable EEC modifications, requiring
careful interpretation of EEC measurements among different environments.
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® \We establish an analytic framework for jet multiplicity that enables jet substructure
studies conditioned on multiplicity.

e EEC angular slopes flatten systematically with increasing jet multiplicity, driven by a
multiplicity-dependent anomalous dimension.

® Proper control of multiplicity is essential for a faithful interpretation of EEC ratios.

® The framework can be further extended to medium environments to isolate the
medium effects.

Thanks for your listening!
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A non-perturbative model for initial data of Z(s,w)
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® Parameterize the average particle multiplicity:

no

(n(w, Qo) = W

e |t approaches ng at high energy (w > @), while
providing a smooth suppression near the
production threshold (w ~ Qo).

® Assume binomial (or Poisson) distribution, then
the initial condition model is:

exp [(n)(w, Qo) (e7° —1)] Poisson ,

ZIC($>(’J7 QO) - Nmax
[1 + (efS - 1) M] Binomial .

Nmax
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Dependence on jet pr and R
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KNQO scaling and violation
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® KNO scaling holds for
v < 2, with mild violations
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