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DIS variables:

Diffractfive rDije tfrProductfiorrirre p

AtfrHERAraboutfr10%rofrlow-xr
e ve rtfsrare rdiffractfive 

Difractive variables:

Irrdiffractfive re ve rtfsrtfhe rbe amrprotforrstfaysrirtfactfrorr
dissociatfe srirtforlowrmassrhadroricrsystfe mrY

Dije tfrmass:r

AtfrLO:rThe rmome rtfumrfractfiorr
e rtfe rirgrtfhe rhardrsubproce ssr
witfhrre spe ctfrtfortfhe rdiffractfive r
e xcharge 

LOrdiagram
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Collire arrQCDrfactforizatfiorrtfhe ore mrirr
hardrdiffractfior

● Forrdiffractfive re ve rtfsrwitfhrarhard scaler(e .grQ2rorrje tfsrpT)
● Factforizatfiorrofrtfhe rdiffractfive rcrossrse ctfiorrirtforproce ssr
irde pe rde rtfrDPDFsrardrpartforicrcrossrse ctfiors

● Forrdiffractfive rproce sse sr(ircludirgrdije tfs)rwitfhrQ2rhighre roughr
factforizatfiorrprove rrbyrCollirsrwitfhirrpe rtfurbatfive rQCD,rforr
lowrQ2rfactforizatfiorrbre akirgrsugge stfe d
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NLOrDPDFs
● DPDFrse tfsrdiffe rrmairlyrirrgluorrcompore rtfrwhichr
isrwe e klyrcorstfrairrfromrirclusive rdiffractfive rdatfa

● Forrgluorrdomiratfe drdiffractfive rdije tfrproductfiorr
we rhave rsizable rDPDFrurce rtfairtfyr

● DPDFsrobe yrstfardardrDGLAPre volutfiorre quatfior

Fits of inclusive 
data

H1 2006 Fit A
H1 2006 Fit B
MRW DPDF

70%rofr
diffractfive r
e xcharge r
mome rtfumr
carrie drbyr
gluors

Combined inclusive 
+ dijets data fits

H1 2007 Fit Jets
ZEUS 2009 Fit SJ
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NNLOrQCDrPre dictfiors
● NNLOJETrprogramrbase drorrartfe rrar
subtfractfior
J. Currie, T. Gehrmann, A. Huss and J. Niehues, 
JHEP 07 (2017) 018, [1703.05977]

virtual-virtual

real-virtual

real-real

The rNLOr2je tfrardr3je tfrcortfributfiorsr
ve rifie dragairstfrShe rparardrNLOJET++

Cookbook
1) The rmatfrixre le me rtfrtfable srpre calculatfe dr
byrNNLOJETrprogramr(~1MrCPUr
hours)
2) The rrcorvolutfe drwitfhrDPDFsrardrrrr
usirgrfastNLO (<1s)
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The rHERArDDISrje tfsrLe gacy
JHEP 1505 (2015) 056 JHEP 1503 (2015) 092 Eur.Phys.J.C72 (2012) 1970

JHEP 0710:042,2007 Eur.Phys.J.C 51 (2007) 549 
Eur. Phys. J. C 52 (2007) 813-832
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The rDISrdije tfsrme asure me rtfs
● 5tfime srrrrre +prr27.6rGe Vr+r920rGe V
1tfime srrrrre +prr27.5rGe Vr+r820rGe V

● 4tfime srrrrrLarge rrapiditfyrgaprse le ctfiorr(LRG)
2tfime srrrrrProtforrspe ctfrome tfe rr(FPS,rVFPS)

LRG
HERArIIr

LRG
HERArI

FPS
HERArII

VFPS
HERArII

LRG
HERArI

LRG
HERArI
820Ge V

H1rLRGrHERArII
Phase rSpace 

All HERA analyses using kT-
jet algorithm (R=1) and 
asymmetric jet pT cuts
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TotfalrCrossrSe ctfiorsr-rNLOrvsrNNLO

● ForrNNLOrtfhe rirre rr
barrre pre se rtfsrtfhe r
scale rurce rtfairtfy,rtfhe r
outfe rrirclude srDPDFr
urce rtfairtfie sr

● Totfalrcrossrse ctfiorsr
we llrde scribe drbyrNLO

● NNLOrpre dictfiorsr
systfe matficallyr
ove re stfimatfe rtfhe rdatfa
(NNLO/NLOrphase r
space rde pe rde rtf)
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TotfalrCrossrSe ctfiorsr-rNLOrvsrNNLO

● ForrNNLOrtfhe rirre rr
barrre pre se rtfsrtfhe r
scale rurce rtfairtfy,rtfhe r
outfe rrirclude srDPDFr
urce rtfairtfie sr

● Totfalrcrossrse ctfiorsr
we llrde scribe drbyrNLO

● NNLOrpre dictfiorsr
systfe matficallyr
ove re stfimatfe rtfhe rdatfa
(NNLO/NLOrphase r
space rde pe rde rtf)
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TotfalrCrossrSe ctfiorsr-rScale rde pe rde rce 
Re rormalizatfiorrscale rde pe rde rce Factforizatfiorrscale rde pe rde rce 

● Comparable rNLOrardrLOr
re rormalizatfiorrscale rde pe rde rce s
(charactfe ristficrforrgluor-domiratfe dr
proce sse s)

● NNLOrrhasrsmalle rrre rormalizatfiorr
scale rde pe rde rce 

● Factforizatfiorrscale rde pe rde rce rlowe rr
witfhre ve ryrorde r
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TotfalrCrossrSe ctfiorsr-rScale rde pe rde rce 
Je tfsrirrDDISr(√sr=r320rGe V)

● The rgluor-DPDFrirduce drcrossrse ctfiorr
rise srgraduallyrwitfhrorde r

● The rquark-Irduce drcrossrse ctfiorr
stfagratfe sratfrNLO

● AtfrNNLOr84%rofrtfhe rcrossrse ctfiorrisr
fromrgluorrDPDF

Higgsrproductfiorrirrppr(√sr=r8rTe V)
JHEP 1204 (2012) 004
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TotfalrCrossrSe ctfiorsr-rScale rde pe rde rce 

● Fourrfurctfioralrformrofr
scale srstfudie d,re ve rytfime r
assume d:

● Altfe rratfive r
parame tfe rizatfiors:

The rpTrisrtfhe rdomirartfrtfe rm,rifrre move d
tfhe rcrossrse ctfiorsrsubstfartfiallyrhighe r
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TotfalrCrossrSe ctfiorsr-rDPDFrde pe rde rce 
● Irre rrbarrre pre se rtfsr
tfhe rDPDFrurce rtfairtfy,r
tfhe routfe rrirclude sr
scale rurce rtfairtfie s

● Combire drfitfsrofr
irclusive r+rdije tfrdatfa
H1rFitfjrJe tfs
ZEUSrSJ
-rbe stfrpe rformarce 

● Irclusive rdatfarfitfs
H1rFitfrA
H1rFitfrB
-rve ryrdiffe re rtfr
altfhoughrforrirclusive r
datfarhadrsimilarrchi2

MRWr–rlike rH1rFitfrB
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Stfudie drdiffe re rtfialrdistfributfiors
● Irrtfotfalr39rsirgle -rardrdouble -diffe re rtfialrvariable sraralyse s
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Chi2rcomparisor
The rrormalizatfior-irde pe rde rtfrde firitfior● The rNNLOrtfypicallyr

de scribe rshape srbe te r
(improve me rtfrse e rrforr
allrstfudie drDPDFs)
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● The rsame rorrsimilarrdistfributfiorsrfromr
variousraralyse srgroupe drirtforore rplotf,
asrshowrrbe llow.

● Forrire lastficitfyryrNNLOrhighe rrforrhighe rry,
similarrtfre rdrirrdatfa,rrotfe 
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Diffe re rtfialrx-se ctfiors
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● The rscale rwitfhrQ2rtfe rmrorlyrpre dictfr
stfe e pe rrQ2rdistfributfior

● Orlyrsmallrdiffe re rce rbe tfwe e rrotfhe rrscale r
pre scriptfiors

● Norsystfe matficrtfre rdrirrdatfa
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Diffe re rtfialrx-se ctfiors
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● Mostfrse rsitfive rvariable rtfo
tfhe rpartforicrstfructfure rof
tfhe rdiffractfive re xcharge r(tforDPDFs)

● NNLOrpre dictfrarrircre ase rirrtfhe rlastfrbirrforr
LRGraralyse srwhichrisrre allyrse e rrirrdatfa
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Diffe re rtfialrx-se ctfiors



19

● NNLOrpre dictfsrmore rje tfsrirrtfhe rforwardr
(=protfor)rdire ctfior

● The rirclusive rje tfrrrrrrrrrrshowsrtfhe rbigge stfr
obse rve drdiffe re rce rbe tfwe e rrNLOrardr
NNLOr-rfactor 2!
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Diffe re rtfialrx-se ctfiors
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Summary

● NNLO QCD pre dictfiorsrforrje tfsrirrdiffractfive rDIS
● Diffe re rtfialrdistfributfiorsrforr39rsirgle rardrdouble -
diffe re rtfialrobse rvable srcalculatfe dr(fromr6r
aralyse s)

● The rNNLOrcrossrse ctfiorsr20%-40%rhighe rrtfharr
NLO

● Je tfrbase drDPDFsrprovide rbe te rragre e me rtfrwitfhr
datfa
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Backup
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