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Fixed-Order Pathologies



For all cross section computations we will use

El > EM™ =125 GeV Iny| < 2.37
OéS(Mz) = 0.119 OFEM — 1/132.507
Vs =13TeV NNPDF23 nlo_as_0119_ged_mc

and for fixed-order results we set
pf = Hy = 125 GeV

Fixed-cone results involve fragmentation functions
and associated scale. For fixed-order, we set

g = 125 GeV



Fixed-Order Pathologies (l)
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e Should have: o(isolated) < o(inclusive)

e At NLO, the isolation dependent part of cross section is
proportional to In(R)

e preakdown of FOPT for R = 0.2!
e [ =0.2Is default value for ATLAS diphoton analyses
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Same problem also for -

Catani, Fontannaz, Guillet and
028 (2002)
Isolation radius Total
R NLO
1.0 3765.1
0.7 4098.0
0.4 4524.5
0.1 H431.1
Without isolation | 5217.9

IXxed-cone I1solation
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Also ofisolated) depends
fragmentation functions.

Tevatron cross section
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with E$ — 15 GeV



Fixed-Order Pathologies (ll)

BFGI set

MCFM o(isolated) with fixed-cone
| isolation.

BFG (Bourhis, Fontannaz and

° C R—04 _R—=029" Guillet, "98) fragmentation
400¢ R=03 —R=01" functions
B 02 024 06 08 10
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e ((isolated) should monotonically decrease as ¢y is lowered

e NLO isolation effects are linear in gy for small ey (soft quark...)
e coefficient enhanced by In(R), unphysical for small R

e ATLAS isolation corresponds to gy =0.04 for B = 125 GeV
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|Solation parameter
dependence



|solation parameter dependence

Interesting to look at difference to reference
Cross section

Ao — o (E»y,TL, R) B O'( fyef’ ref’ Rref)

since direct part drops out:

Ao =) / dE; / dzd“”X AFi,,

1=4q,q




R-dependence (smooth cone)
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e (Good agreement between full NLO (lines) and
fragmentation approach (dots)

e difference must vanish forKR — 0O
o Right plot without R-suppressed contribution of

gluons inside the cone
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ey-dependence (smooth cone)

e Fragmentation approach becomes exact as
R — O.
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SMmooth- vs fixed-cone isolation
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e [or fixed cone also inside part of F;—~ has In(R)
contribution, which is ey dependent.

e [orey — 0inside part vanishes and one recovers
smooth-cone R-dep!
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More generally: for small gy the inside part becomes
small

e Non-perturbative fragmentation suppressed
oy &y

and at NLO the following properties hold
* |n(R) dependence only from outside part
 All isolation prescriptions become identicall

but at NNLO differences from out-in terms!
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Resummation



Factorization of /iy

1
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T \

energetic collinear soft radiation
outside cone inside cone

e Resum both In(ey) and In(R).
e |owestscaleis R Eo=1 GeV for ATLAS |




Resummation of In(R) and In(ey)
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e For the full cross section, add direct part o4 ~ 290 pb
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Resummation of In(R) and In(ey)
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For the full cross section, add direct part o ~ 290 pb
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