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Semi inclusive deep inelastic scattering (SIDIS)

Lab frame outgoing lepton I’

incoming lepton *

target P

identified hadron p)
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How is p; generated at
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Kinematic regions N

Ph

Current fragmentation
Collinear factorization

Current fragmentation Soft region Target region
TMD factorization 7777 Fracture functions

Yn

m Different regions are sensitive to
distinct physical mechanisms
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Factorization in the current
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Factorization in the current region
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Factorization in the current region

do
= W +FO — ASY + O(m?/Q?
rdOdpT + +O0(m*/Q)
_ n P -py
m Scale separation — ¢1/Q qr=pp/z  z= P.-q
m Limits
do W f
dwdQPdzapr " T <@

~FO forgr>Q
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Phenomenology

m In theory

do

Y _ W4 FO - ASY + O(m?/Q?
drdQ2dzdp. + +Om™/Q)

m In practice

do
U W
dzdQ?dzdp;-
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State-of-the-art phenomenology

Anselmino et al Bacchetta et al
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m These analyzes used only W (Gaussian, CSS)
m Samples with ¢7/Q ~ 1.63 has been included
m BUT TMDs are only valid for ¢p/Q < 1!
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What happens if we use FO?

m At LO:

1
FO:ZeZ[]gF
q

? 1—z

) dylC(€). ) HE)
te—x

m For collinear distributions we use

o PDFs: CJ15
o FFs: DSS07
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FO @ LO predictions (DSS07)
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The large pr puzzle

Pi

Current fra, ntation
Collinear orization
[ |
Current fragmentation Soft region Target region
TMD factorization 7 Fracture functions

Yh

m Revisit charged hadron FFs

m Include NLO corrections
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Revisiting charged hadron FFs (in JAM)

m For ¢ integrated cross section @ NLO:

do
T = S M, 0 )
m Data sets:
o SIDIS(h™,h™) gr integrated data from COMPASS

o ete™ — h* + X (work with the 0.2 < z < 0.8 samples)
o PDFs: JAM18
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Revisiting charged hadron FFs (in JAM)

. m The gluon fragmentation
o d is significantly different
220 — — recently observed by
%1.0 —_— the NNPDF
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Revisiting charged hadron FFs (in JAM)

10!

10°

1do
ordz

10!

10!

10°

10!

10°

10!

102

10 ' 10!
100
t
100
TPC Tasso  \l 10 ALEPH
02 04 06 08 g 02 04 06 08 2 02 04 06 08 2
10! 10!
10° 10°
DELPHI 1 SLD OPAL
10
02 04 06 08 z 02 04 06 08 z 02 04 06 08 2
10!
10° x?%/npts = 0.53
107!
OPAL(c) OPAL(b)
02 04 06 08 g 02 04 06 08 2

14/27



Revisiting charged hadron FFs (in JAM)

4 4
33 3 3
+
L2 2
= '
pd > b+ X
0.2 0.4 0.6 0.8 z z
4 4
3 3
2 2
, K\ ,
0.2 04 0.6 0.8 z z
d'& 3
1, )
I
=
%l 1
pd— h™+ X
0.2 0.4 0.6 0.8 z z
3 3
2
: : Xx°/npts = 0.48
. \\\ .
\:\.._____
0.2 0.4 0.6 0.8 z 0.2 0.4 0.6 0.8 z 0.2 0.4 0.6 0.8 z

15/27



order o% corrections to FO

N
® 2 2
8 0 % 2<Q*<4.5GeV e
3 1 = — «kkeno | ® There are strong indications
\; 10k v KKP LO 2 .
T e KNLO that order a5 corrections are
s, i -+ KLO .
g1 very important
10°} 4.5< 0’ <15 GeV’ _
0l m An order of magnitude of
it corrections at small py.
10°} 15<Q° <70 GeV* .
¢ ¢ m As a sanity check, we need to
10} . .
— have an independent calculation
I L
3 4 5 6 78910 15
py (GeV)

Daleo,et al. (2005)
PRD.71.034013
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order a% corrections to FO

( R

SO
RRR

S

Born/Virtual Real

v Compute 2 — 2 virtual graphs (Passarino-Veltman)

v Compute 2 — 3 real graphs (analytic integration)
V" Cancel double and single IR poles
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FO @ NLO benchmark
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FO @ LO predictions (DSS07)
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FO @ LO predictions (JAM18)
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FO @ NLO (JAM18 FFs)
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Summary and outlook

18
do a? 72
2 p2
= 1+ — ZF(:EZQ Pir) i

2 2 ) 9~y sy L hT (3
dr dy d¥ dz doy, dPrp  wyQ?2(1 —¢) 2z ) =~
Ly | Standard label bi m The apparent disagreement
131 Fuur 1
2 Fovs - between data and FO can be
Bl fu Spevi—e resolved by tunning FFs+NLO
By | Fpp™t™ ISy |esin(¢n + ds) L o
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backup
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Why qT/Q ? (J. Gonzalez-Hernandes, T.C Rogers, NS, B. Wang)

Lets define

k‘Ekl—q

Propagators in the blob

1

1

k% + O(Ajep)’

Two extreme regions

k2 +0(Q?)

o |k*|~ Adcp — K is part of PDF
o |k*|~ Q% — k is part of hard blob

|k2|/Q? is the relevant Lorentz invariant

measure of transverse momentum size
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Why qT/Q ? (J. Gonzalez-Hernandes, T.C Rogers, NS, B. Wang)

m In terms of partonic variables

k2 R Aq2
o (1—z)—|—zQ—T2

m For gr < @ one can write

<1—z< —é%)

m One can conclude that

k2
QQ

qT
QQ

0 gt < @ signals the onset of TMD region

o gt ~ @ signals the large transverse momentum region
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Question

m How important is the Py tail for the integrated SIDIS
multiplicities?

m Consider the cumulative distribution function (CDF)

Pt 1 dM
CDF / dPTM(Qj Z) dPQ( z PT)

26 /27



20.0

8.3

3.5

gr differential to ¢r integrated

0.24 < 2 < 0.30
0.30 < z < 0.40
0.40 < z < 0.50
0.65 < z < 0.70
qr=Q

eoes
o= > 00

2 4 64qr

1.8

1.3

oo oo+

1 —
03
0.6
0.4
02
B ~ 51 6ar
.0) — — 74
4
9
B B 2 4 64qr
of
7, 7,
s /ﬁ -
4
. COMPASS 17 h*
S 1 G6qr 2 1 6qr 2 4 G6qr 2 4 Gaqr
0.007 0.010 0.07 0.15 0.07 fbj

27 /27



