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Extraction of TMD Fragmentation Functions

Access to the 3fdynamics of confinement
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Aprocesswith asinglehadronmay

offer acleaneraccess to TMBFs
The transverse momentum of the detected

hadron is measured.r.t. the thrust axis
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Three kinematic regions

Depending on where the hadron is located within the jet the underlying kinematics
can be remarkably different, resulting in different factorization theorems
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Thehadronis detectedvery close to theaxisof the jet.

C Extremelysmall R

C Softradiationaffectssignificantlythe transversedeflectionof the
hadronfrom thethrust axis

o /
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Thehadronis detectedin the centralregionof the jet.

C Mostcommon scenario

C Majority of experimentaddataexpectedto fallinto thiscase
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Thehadronis detectednearthe boundaryof the jet.

C ModeratelysmallP;

+ C Thehadrontransversemomentumaffectsthe topologyof the
\ final statedirectly
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Thethree regionsare uniquelydeterminedby thespecificrole of soft and soft-collinearradiation: [ 0°p "Y]

soft soft-collinear collinear
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Thehadronis detectedvery close to theaxisof the jet.
C ExtremelysmallP;

[ do ~ HJ(u)X(u, br) D(z, {)T)} <+—— | C Softradiationaffectssignificantlythe transversaleflectionof the

9 hadronfrom thethrust axis
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Thehadronis detectedin the centralregionof the jet.
do ~ H.J(uw)S(u)D(z,br) C Mostcommon scenario

C Majority of experimentadataexpectedto fallinto thiscase J
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Thehadronis detectednearthe boundaryof the jet.
C ModeratelysmallP;
C Thehadrontransversemomentumaffectsthe topologyof the )

[ do ~ HJ(u)S(u) G(z,u,bp) }4—
\ final statedirectly




{ Non—globallogs]

Thehadronis detectedvery close to theaxisof the jet.
C ExtremelysmallP;

C Softradiationaffectssignificantlythe transversedeflectionof the
9 hadronfrom thethrust axis

[ do ~ HJ(u)X(u,br) D(z,
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4 Non-perturbative R 4 Non-perturbative R
effectsthat modify effectsthat generate
the topology of the transverse
N final state ) S momentum
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Thehadronis detectedin the central region of the jet.
do ~ H.J(uw)S(uw) D(z,br) C Mostcommon scenario
C Majority of experimentabdataexpectedto fallinto thiscase J
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effectsthat modify
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Thehadronis detectedin the central region of the jet.
C Mostcommon scenario
C Majority of experimentabdataexpectedto fallinto thiscase J
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Thehadronis detectedvery close to theaxisof the jet.

C ExtremelysmallP;

C Softradiationaffectssignificantlythe transversedeflectionof the
hadronfrom thethrust axis
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Standard TMDactorizationcan beextendedbeyondthe standardorocessegDY, SIDIS, DI&)
the cost ofincludinga new,independent nonperturbativefunction(the soft model).

D“*(z,br) = D(z,bp) \/Mg(byr) ——— Universalityis saved
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C Majority of experimentadataexpectedto fallinto thiscase
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Rapidity divergences
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Ae thrust 7 naturally regularizes the rapidity

divergences. \

The 2-jet limit 7 — 0 corresponds to removing the
regulator and to exposing the rapidity divergences
In fixed order calculations.

So the final result depends on a regulator?
Yes, but...

1) The thrustis measured.
2) When the regulator is removed the (factorized)

Cross section vanishes, as showed by

resummation.
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In the central region

s [ Thrust dependent observable

SIA™ hasa ]
double nature: |

_\TMD observable

Ae rapidity cut-offs y1,2 artificially regularize the rap@

divergences.

The limits ¥, » — *oo correspond to removing the
regulator and to exposing the rapidity divergences in
fixed order calculations.

So the final result depends on a regulator?
Yes (in principle), buté
1) The rapidity cut-offs are just mathematical tools.

2) In standard TMD factorization they cancel among
themselves before the limit,  _, 4 is taken and the

{nal cross section is rapldlty cut-ors Independent. /




Both kind of regularization coexists in SIA™.

Therefore, it should not be surprising that the two mechanisms intertwine and that thrust and rapidity regulators

are strictly related.

This signals a redundancy of regulators: one can be expressed in terms of the other.
In particular, the rapidity cut-off i1 should be a function of thrust, such that when it is removed, also 7 is

removed. In other words:

T 0= 1y & +x

/I\Iaivelyfrom kinematicx \

yp, > — log /T ) y1 o< — log\/T

Rapidity of
detected
hadron
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Peculiamndveryunique
feature of thecentralregion

(butalsoformally. \

The double counting due to the overlap between soft and collinea
(forward) radiation is cancelled only if the rapidity @ff is fixed to
a function ofthrust andtransverse momentum
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@ut alsoformally.

\ up =ue'f; ¢g =2 E

The double counting due to the overlap between soft and collinear Ly =logug
(forward) radiation is cancelled only if the rapidity-@ift is fixed to Ly = log (brQ/c1)
a function ofthrustandtransverse momentum
do!!]
SOFT-COLLINEAR Yy =Ly — Ly
kr < c1/br « COLLINEAR
SOFT > kT f& Q eVl /’{LE
\ / Y1
o . It is the (unique) solution of the
This is also theninimumof CollinsSoper evolution equation!
y1 = L, — Ly the factorized cross section ase—» 9
a function of ¥1 —dog, =0
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) C Large and positive

C Consistentith pert. solution: y; = L, — Ly, as by — 0

) C Consistentvith kinematics 7, = —log VT + bp-logs




@ut alsoformally. \

The double counting due to the overlap between soft and collinear
(forward) radiation is cancelled only if the rapidity-@ift is fixed to

up =ue'f; ¢g =2 E
L, =logug
Ly =log (brQ/c1)

a function ofthrust andtransverse momentum
do!!]
SOFT-COLLINEAR Yy = Ly — Ly
kr S c1/br > COLLINEAR
SOFT > kT 5 Qey‘/uE
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o o It is the (unique) solution of the
This is also theninimumoof CollinsSoper evolution equation!
yp = L, — Ly the factorized cross section ase—» P
a function of 1 ——dopr, =0
Iy
e o ) (Factorization errors are affected by the choiceg@i
0] *
o (9} K*) HINTS FOR PHENOMENOLOGY:
yp=L,—L; |1+ n A Monotonic increasing (unique minimum)
Ab A Constant at large distances
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Factorization theorem Iin the central region

Genuinelyhrust. Exponent ifalf of standarcﬂ

dor, ~ H J(u) Sjgu(ilyz’?) Dy, (2, b7, 7;) [thrustdistributionine+e annihilation
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[Correlatiorpart. It encodes the correlatiojs

between the measured variables Thefunction gx doesnotonly

appearinto the TMD FF!
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PhenomenoloQ' efe= — 7 X
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230 Data in total




PhenomenoloQ' efe= — 7 X

T Z Pr/z max | N
(T o (Tqn) (-] Ty} -] (Tgn] -] (T} - (T} -
NIRRT TR L L ®
S|S|S|S|c|o|c|lc|ac|s|s|e
| | | | | | | | | | | |
o (T o D (- T () T - (Tyn} - LD
(| () | e e - - (1) (T ) o - - I—
cl|lo|lo|lo|lo|lo|loc|lo|loc|lo|loc|o
.80 — 0.85 0.16 Q) a7
0.85 — 0.90 106¢ -
0.90 — 0.95 3 @
0.95 — 1.00
T
) 107} -
Subsample of "Pure” TMD ~ Higher order
57 datapoints extraction topologies
J <

[

A preliminary fit of the subsample data helps to fix the

functional form of the nomperturbative content of the TMD
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Non-perturbative content of the TMD FF

1. ok function, describinghe longdistancebehaviorof the CollinsSopeikernel.

A Evenfunctionof b; | . L
A Quadratidbehavioratsmall gi ~ gab% + ... for by — 0. gy (br) = go tanh (J’ e )
A Constanbehavioratlarge 9K — go for by — oo, MAX

y}f(:‘;-;-}l = ¢p tanh (1"} by h-,r-).

2. Mpmodel for the gnpolarized TMD FFRlescribingts characteristi¢cong-distancebehavior

A Gaussiamehaviorat small Mp ~ e~ x ... for by — 0.
A Exponentiatiecayat large Mp ~ =87 % . for by — co.
Where p=p(R,W) and M = M(R,W)
o —p R(z)=1—« f (f:) with f(z) = 2 (1 — ;:)l;cfu
Mp (2. Pp. M. p) = —2)__pr2-1) (4\12 + ﬁ) T
J T ml'(p—1) ,:f Wi(z) = ——




Preliminary step: TMD FF functional form
i oo
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The aim s to test the validity of the functional forms chosergfand M,

The value of the free parameters should not be taken at face value, especially those assogated to



Final fit; inclusion of NP thrust effects

Several recipes available. do _ doPert:
We choose the simplest: minimal approach — d=dT d2Pr  dzdT d2Py

With:

P fNP(T) pr — tanh (,0(1 L T))2

Model (B)




