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• Helicity PDFs at NNLO*
• Phenomenology of double parton scattering**

Outline:

* with   Ignacio Borsa, D. de Florian, R. Sassot, M. Stratmann    2407.11635

** with   Alexander Fürlinger, Oliver Schüle (utterly in progress…)
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NNLO helicity PDFs:

• DIS and (approximate) SIDIS  MAP:  Bertone, Chiefa, Nocera 2024 

• Fully global analysis with approximate NNLO for SIDIS and pp 
BDSSV:  Borsa, de Florian, Sassot,Stratmann, WV        2407.11635  
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•  logs can be resummed to all orders: threshold resummation Anderle, Ringer, WV
Abele, de Florian, WV
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Full NNLO unpolarized:
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Approximate NNLO corrections for pp à jet+X at RHIC:

Kidonakis, Oderda, Sterman
de Florian, WV
Hinderer, Ringer, Sterman, WV, ….
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Global NNLO analysis: results
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Parameters & data selection:

• unpol. FFs:  Borsa-de Florian-Sassot-Stratmann NLO   2022,2024 
(BDSSV NNLO fit does not have pp à hadron data)

• data:

(no dijets yet)

277

850
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Bonino et al. 

à breakdown of approximation?
• “bump” not present in threshold approximation for SIDIS

• interesting feature for SIDIS:
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• introducing cut x>0.12  (and                    ):
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pQCD analysis
    “in good shape”







room for OAM ?
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Probe of DPS in pp: 

� should allow systematic distinction from single parton scattering 

� should have copious signal  à  hadron/jet production

� à potential downside: “full complexity of QCD”. Higher orders?

M. Strikman, WV  2010:   consider                                   (typically,   𝜋0𝜋0 )pp à h1h2 X
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single PS

double PS
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d�̂1

<latexit sha1_base64="i64LsxwQThq8WyQw/pC7oBjLU84="></latexit>xa

<latexit sha1_base64="lzoPN8lgiObNfUXRCwOTYW1eBE0="></latexit>xb

<latexit sha1_base64="J4oBpdJjRbyyZsh2oXI2kvqOBRA="></latexit>xc

<latexit sha1_base64="s52sYYGe4x9GKgPLOu1wqmNefQs="></latexit>xd

<latexit sha1_base64="Ne8h2QH1mn3IiMGQuiRJ1ulsILw="></latexit>

d4�double

dpT,1d⌘1dpT,2d⌘2
=

1

⇡R2
int

X

abcd

Z
dxadxbdxcdxd �ac(xa, xc)�bd(xb, xd)

d2�̂ab!eX

dpT,1d⌘1

d2�̂cd!e0X0

dpT,2d⌘2
<latexit sha1_base64="5cW73Oqd0LQwUGjQz2Bpgla7SxI="></latexit>

⌦D⇡0

e ⌦ D⇡0

e0

<latexit sha1_base64="mF3AHyUGnoC/7+FYkh6TIf0ow7c="></latexit>

fa(xa) fc(xc)⇥(xa + xc  1)

<latexit sha1_base64="WJ/Dg8OKpQcvZauKxTtjG9Gwlbo="></latexit>. . . NLO



<latexit sha1_base64="AMABHodAZNfUWUsNqJgarSU6wmg="></latexit>

d�̂2

<latexit sha1_base64="GFXH823lSVMIfUsJaBMFRP7488I="></latexit>

d�̂1

<latexit sha1_base64="i64LsxwQThq8WyQw/pC7oBjLU84="></latexit>xa

<latexit sha1_base64="lzoPN8lgiObNfUXRCwOTYW1eBE0="></latexit>xb

<latexit sha1_base64="J4oBpdJjRbyyZsh2oXI2kvqOBRA="></latexit>xc

<latexit sha1_base64="s52sYYGe4x9GKgPLOu1wqmNefQs="></latexit>xd

<latexit sha1_base64="Ne8h2QH1mn3IiMGQuiRJ1ulsILw="></latexit>

d4�double

dpT,1d⌘1dpT,2d⌘2
=

1

⇡R2
int

X

abcd

Z
dxadxbdxcdxd �ac(xa, xc)�bd(xb, xd)

d2�̂ab!eX

dpT,1d⌘1

d2�̂cd!e0X0

dpT,2d⌘2
<latexit sha1_base64="5cW73Oqd0LQwUGjQz2Bpgla7SxI="></latexit>

⌦D⇡0

e ⌦ D⇡0

e0

<latexit sha1_base64="mF3AHyUGnoC/7+FYkh6TIf0ow7c="></latexit>

fa(xa) fc(xc)⇥(xa + xc  1)

<latexit sha1_base64="WJ/Dg8OKpQcvZauKxTtjG9Gwlbo="></latexit>. . . NLO

à use proper DPDs
Diehl, Fabry, Plößl



single PS

double PS

NLO
LO

NLO
LO

<latexit sha1_base64="s2YgXhkWYuaJ9lXug6dbOULhxy0="></latexit>

µ2 = (p2T,1 + p2T,2)/2

<latexit sha1_base64="YVeA7puC9kiSEpGj4yB+Rfl9lEM="></latexit>µ1 = pT,1
<latexit sha1_base64="L/d4CN94HvCw7K72LgNhB/FCQxY="></latexit>µ2 = pT,2

CT18, DSS14

<latexit sha1_base64="jRCZGJCzA5gDdirFcs1Fqdr55nU="></latexit>

� (pb)

<latexit sha1_base64="t3ReeZcjOBsYU2HCevjk37o26EE="></latexit>p
s = 200GeV



single PS

double PS

NLO
LO

NLO
LO

<latexit sha1_base64="s2YgXhkWYuaJ9lXug6dbOULhxy0="></latexit>

µ2 = (p2T,1 + p2T,2)/2

<latexit sha1_base64="YVeA7puC9kiSEpGj4yB+Rfl9lEM="></latexit>µ1 = pT,1
<latexit sha1_base64="L/d4CN94HvCw7K72LgNhB/FCQxY="></latexit>µ2 = pT,2

CT18, DSS14

<latexit sha1_base64="jRCZGJCzA5gDdirFcs1Fqdr55nU="></latexit>

� (pb)
<latexit sha1_base64="jRCZGJCzA5gDdirFcs1Fqdr55nU="></latexit>

� (pb)

<latexit sha1_base64="t3ReeZcjOBsYU2HCevjk37o26EE="></latexit>p
s = 200GeV



single PS

double PS

NLO
LO

NLO
LO

<latexit sha1_base64="s2YgXhkWYuaJ9lXug6dbOULhxy0="></latexit>

µ2 = (p2T,1 + p2T,2)/2

<latexit sha1_base64="YVeA7puC9kiSEpGj4yB+Rfl9lEM="></latexit>µ1 = pT,1
<latexit sha1_base64="L/d4CN94HvCw7K72LgNhB/FCQxY="></latexit>µ2 = pT,2

CT18, DSS14

<latexit sha1_base64="jRCZGJCzA5gDdirFcs1Fqdr55nU="></latexit>

� (pb)
<latexit sha1_base64="jRCZGJCzA5gDdirFcs1Fqdr55nU="></latexit>

� (pb)

<latexit sha1_base64="t3ReeZcjOBsYU2HCevjk37o26EE="></latexit>p
s = 200GeV

LHC ?
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STAR 2015 run
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