
•  One	  of	  the	  ATLAS	  goals	  is	  to	  produce	  “proper”	  ellipse	  in	  this	  plot	  
•  Currently,	  direct	  measurements	  above	  are	  uncorrelated	  
•  LHC	  measurements	  are	  correlated	  primarily	  through	  PDFs	  

From	  GFITTER	  2018	  

LHC	  
published	  

Stat	  Total	  

PDF	  benchmarking	  proposal	  for	  precision	  DY	  
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ATLAS	  measurement	  of	  sin2θleff	  at	  8	  TeV	  	  
	  	  	  	  	  sin2θleff	  	  =	  	  

Links	  to	  papers	  and	  to	  preliminary	  result	  on	  sin2θleff	  :	  
•  Angular	  coefficients	  in	  Z-‐boson	  decays	  at	  8	  TeV	  
•  Triple-‐differenTal	  measurements	  of	  Z-‐boson	  decays	  at	  8	  TeV	  	  
•  Measurement	  of	  sin2θleff	  at	  8	  TeV	  	  
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	  sin2θleff	  results	  based	  on	  reference	  PDF	  set	  (MMHT14)	  

•  Fit	  using	  MMHT14	  provides	  best	  overall	  result,	  	  
i.e.	  best	  fit	  χ2	  and	  also	  smallest	  uncertainTes	  from	  PDFs	  a[er	  profiling	  

PRISMA	  Kolloquium,	  	  Mainz,	  13/02/2019	  
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	  sin2θleff	  results	  based	  on	  reference	  PDF	  set	  (MMHT14)	  

•  Fit	  using	  MMHT14	  provides	  best	  overall	  result,	  	  
i.e.	  best	  fit	  χ2	  and	  also	  smallest	  uncertainTes	  from	  PDFs	  a[er	  profiling	  

•  Results	  quite	  close	  for	  CT14	  and	  NNPDF31,	  uncertainTes	  a	  bit	  larger.	  
•  CT10nnlo	  also	  shown	  since	  it	  fits	  best	  the	  ensemble	  of	  ATLAS	  W/Z	  

precision	  data	  at	  7	  TeV	  used	  for	  measurement	  of	  mW.	  
•  Overall	  sin2θleff	  	  range	  spanned	  by	  all	  PDF	  sets	  is	  28	  10-‐5	  

•  Will	  discuss	  this	  further	  with	  PDF4LHC	  forum	  (see	  later	  slide)	  
PRISMA	  Kolloquium,	  	  Mainz,	  13/02/2019	  



•  Brief	  presentaTon	  of	  note	  sent	  to	  PDF4LHC	  forum	  experts	  
•  Some	  iniTal	  feedback	  and	  quesTons	  (NNPDF,	  CTEQ,	  theory)	  
•  Some	  prioriTsaTon	  and	  some	  concrete	  suggesTons	  to	  improve	  PDF	  

theory	  
•  Some	  resource	  issues	  and	  input	  from	  experiments	  
	  
•  Short	  note	  sent	  to	  PDF4LHC	  forum	  with	  proposal	  for	  benchmarking	  

exercise	  can	  be	  found	  agached	  to	  the	  agenda	  of	  precision	  EW	  sub-‐
group	  meeTng	  on	  13/12/2018	  at	  
hgps://indico.cern.ch/event/775325/contribuTons/3241729/agachments/
1769767/2875062/PDFnote_benchmarking_031218.pdf	  	  

•  In	  back-‐up,	  one	  simple	  slide	  explaining	  how	  correlaTons	  between	  
two	  PDF	  sets	  will	  be	  computed	  for	  any	  given	  observable	  at	  any	  
given	  point	  in	  (x,Q2)	  

PDF	  benchmarking	  proposal	  for	  precision	  DY	  
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•  Main	  idea	  (credit	  goes	  to	  B.	  Malaescu	  J)	  is	  to	  measure	  correlaTons	  
between	  structure	  funcTons	  provided	  by	  global	  PDF	  fits	  “in	  situ”	  
through	  the	  use	  of	  a	  large	  number	  of	  toy	  datasets.	  

•  We	  will	  need	  a	  large	  number	  (~	  10000?)	  toys	  to	  precisely	  evaluate	  
correlaTons	  which	  are	  presumably	  strong	  (close	  to	  unity)	  but	  
nevertheless	  known	  not	  to	  be	  unity.	  

•  Without	  knowing	  these	  correlaTons,	  we	  cannot	  “average”	  
measurements	  over	  different	  PDF	  sets	  and	  therefore	  cannot	  
scienTfically	  produce	  a	  result	  for	  mW	  or	  s2w	  which	  accounts	  fully	  
for	  PDF	  uncertainTes	  in	  a	  way	  which	  can	  be	  defended	  when	  
legiTmate	  quesTons	  are	  asked	  about	  the	  meaning/value	  	  of	  LHC	  (or	  
Tevatron)	  measurements	  compared	  to	  those	  of	  LEP.	  

•  The	  advantage	  of	  using	  toys	  is	  that	  the	  PDF	  global	  fits	  need	  not	  
change	  anything	  in	  their	  internal	  way	  of	  obtaining	  their	  fit	  results.	  

•  The	  correlaTons	  can	  be	  measured	  using	  only	  the	  central	  values	  of	  
the	  fit	  results,	  there	  is	  no	  need	  to	  reevaluate	  PDF	  Hessian	  
uncertainTes	  or	  replicas	  for	  such	  an	  exercise.	  

•  	  	  

PDF	  benchmarking	  proposal:	  toy	  datasets	  
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•  The	  correlaTons	  between	  PDF	  sets	  would	  be	  measured	  in	  a	  first	  
step	  on	  a	  dataset	  (containing	  about	  5000	  data	  measurements)	  
corresponding	  roughly	  to	  that	  used	  by	  NNPDF3.1	  or	  ABM16	  (while	  
awaiTng	  CT18	  and	  MMHT18)	  

•  Since	  a	  lot	  of	  work	  has	  gone	  into	  producing	  these	  PDF	  sets	  already,	  
one	  could	  hopefully	  build	  on	  these	  sets	  with	  small	  adjustments	  not	  
requiring	  a	  full-‐fledged	  resource-‐intensive	  new	  set	  of	  fits:	  
–  Reduce	  somewhat	  LHC	  run-‐1	  data	  to	  what	  is	  relevant	  for	  DY	  
producTon	  (remove	  jets,	  keep	  perhaps	  only	  top	  cross-‐secTon	  
measurements	  to	  stabilise	  gluon)	  and	  make	  sure	  the	  DIS	  data	  
and	  others	  are	  the	  same	  (go	  to	  largest	  common	  denominator)	  

–  Use	  the	  same	  theory	  predicTons	  for	  LHC	  and	  Tevatron	  DY	  
measurements	  (see	  later	  slide)	  

PDF	  benchmarking	  proposal	  (main	  goal):	  	  
toy	  datasets	  for	  DIS	  +	  LHC	  run-‐1	  

	  D.	  Froidevaux	   7	  Xfi1er	  workshop,	  Minsk,	  	  18/03/2019	  



•  Through	  the	  combinaTon	  of	  two	  fortunate	  coincidences,	  we	  are	  in	  
posiTon	  to	  perform	  this	  benchmarking	  exercise	  with	  an	  improved	  set	  of	  
PDF	  theory	  tools	  which	  are	  opTmal	  for	  DY	  predicTons	  

•  NNLOJET	  with	  its	  unique	  ability	  to	  do	  NNLO	  pQCD	  predicTons	  for	  QCD	  jet	  
producTon	  has	  been	  since	  quite	  some	  Tme	  a	  privileged	  partner	  in	  
developing	  a	  truly	  NNLO	  theory	  for	  PDF	  predicTons	  (unTl	  now	  NNLO	  PDF	  
theory	  has	  been	  in	  most	  cases	  NLO	  QCD	  with	  K	  factors	  computed	  for	  the	  
relevant	  observables,	  usually	  one-‐dimensionally)	  

•  It	  is	  fortunate	  that	  NNLOJET	  is	  also	  unique	  in	  its	  ability	  to	  do	  NNLO	  pQCD	  
predicTons	  for	  W/Z	  pT	  

•  We	  hope	  therefore	  that	  within	  a	  few	  months,	  predicTons	  based	  on	  
NNLOJET	  could	  be	  available	  for	  all	  precision	  DY	  measurements	  available	  
from	  LHC	  run-‐1	  data	  

•  This	  would	  then	  be	  the	  natural	  common	  tool	  to	  be	  used	  for	  the	  
benchmarking	  exercise	  

•  Needs	  to	  be	  prepared	  ahead	  of	  Tme!	  

PDF	  benchmarking	  proposal:	  theory	  
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PDF	  benchmarking	  proposal:	  theory	  
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•  Other	  theory	  issues	  are	  listed	  in	  the	  note	  and	  need	  to	  be	  addressed,	  
with	  perhaps	  a	  priority	  order	  assumed	  here	  to	  be:	  
1.   Scale	  variaTons	  (already	  under	  study	  in	  PDF	  fits,	  but	  need	  to	  be	  

systemaTcally	  dealt	  with	  somehow	  in	  this	  exercise)	  
2.   LimitaTons	  of	  pQCD	  versus	  resummed/parton	  shower	  

predicTons	  (see	  next	  slides	  for	  a	  few	  examples).	  
Proposal	  from	  experiments	  is	  to	  provide	  correcTon	  funcTons	  to	  
relevant	  observables	  (similar	  to	  the	  NNLO	  K-‐factor	  correcTons	  
applied	  by	  most	  global	  PDF	  fits	  to	  NLO	  predicTons)	  
See	  full	  talk	  by	  M.	  Boonekamp	  at	  precision	  EW	  meeTng	  
yesterday	  here	  	  

3.   	  QED/EW	  effects	  which	  cannot	  be	  ignored	  for	  precision	  DY	  
measurements	  

4.   QED	  PDFs	  (correlated	  to	  point	  3	  above)	  	  

PDF	  benchmarking	  proposal:	  theory	  
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•  CorrecTons	  to	  pQCD	  NLO/NNLO	  predicTons	  based	  on	  NLL/NNLL	  
resummaTon	  (DYRES/DYTURBO)	  

PDF	  benchmarking	  proposal:	  theory	  
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•  CorrecTons	  to	  pQCD	  NLO/NNLO	  predicTons	  based	  on	  NLL/NNLL	  
resummaTon	  (DYRES/DYTURBO)	  

PDF	  benchmarking	  proposal:	  theory	  
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•  CorrecTons	  to	  pQCD	  NLO/NNLO	  predicTons	  based	  on	  NLL/NNLL	  
resummaTon	  (DYRES/DYTURBO)	  

PDF	  benchmarking	  proposal:	  theory	  
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•  CorrecTons	  to	  pQCD	  NLO/NNLO	  predicTons	  based	  on	  NLL/NNLL	  
resummaTon	  (DYRES/DYTURBO)	  

PDF	  benchmarking	  proposal:	  theory	  
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•  CorrecTons	  to	  pQCD	  NLO/NNLO	  predicTons	  based	  on	  NLL/NNLL	  
resummaTon	  (DYRES/DYTURBO)	  

PDF	  benchmarking	  proposal:	  theory	  
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•  Global	  PDF	  fits	  require	  CPU,	  memory	  and	  human	  resources	  
•  CPU	  resource	  examples:	  	  

-‐	  one	  NNPDF	  fit	  requires	  one	  week	  on	  100	  cores	  typically.	  	  
-‐	  so,	  10000	  toy	  fits	  require	  eg	  the	  full	  ATLASor	  CMS	  grid	  compuTng	  	  
	  	  capacity	  for	  three	  weeks.	  
-‐	  NNPDF	  is	  atypical	  since	  it	  produces	  its	  fit	  results	  through	  replicas,	  	  
	  	  so	  it	  is	  not	  clear	  whether	  the	  CPU	  Tme	  can	  be	  decreased	  for	  this	  	  
	  	  exercise	  where	  toy	  fits	  do	  not	  require	  the	  producTon	  of	  replicas	  
	  	  (or	  of	  Hessian	  uncertainTes)	  
-‐	  in	  the	  case	  of	  CT/MMHT/ABM	  (?),	  the	  fit	  is	  3-‐4	  Tmes	  faster	  if	  the	  	  
	  	  	  uncertainTes	  are	  not	  required	  

•  Memory	   resources	   might	   be	   larger	   than	   what	   is	   commonly	   available	   on	   Grid	  
compuTng	  single	  cores	  (to	  be	  understood	  beger)	  

•  Human	  resources	  are	  an	  issue	  at	  least	  for	  some	  PDF	  groups	  for	  the	  producTon	  of	  
a	   fit	   like	   CT14	   (public	   release	   for	   use	   in	   physics	   publicaTons),	   so	   the	  
benchmarking	  exercise	  has	  surely	  to	  be	  considered	  as	  such	  and	  not	  more.	  

•  Human	  intervenTon	  for	  the	  10000	  toy	  fits	  should	  in	  principle	  not	  be	  needed	  nor	  
even	  recommended.	  	  
	  
	  

PDF	  benchmarking	  proposal:	  resources	  
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•  Global	  PDF	  fits	  require	  CPU,	  memory	  and	  human	  resources	  
•  The	  proposed	  benchmarking	  exercise	  needs	  its	  own	  specific	  human	  

resources:	  
–  If	  XFITTER	  could	  be	  used	  as	  a	   framework	  for	  generaTng	  toys,	  book-‐keeping,	  

for	  fiung	  the	  toys	  (a[er	  validaTon	  of	  fit	  results	  based	  on	  comparison	  with	  fits	  
performed	   by	   global	   PDF	   experts	   within	   their	   own	   framework),	   some	  
resources	   could	   be	   made	   available	   to	   community	   (all	   experiments	   and	   all	  
global	   PDF	   experts)	   for	   any	   operaTonal	   issues	   and/or	   framework	  
improvements	  required	  

–  However,	   some	   resources	   (not	   idenTfied	   yet)	   need	   to	   be	   provided	   by	  
experiments	  to	  work	  run	  the	  machinery,	  provide	  validaTon	  plots	  in	  the	  iniTal	  
phase,	   provide	   toy	   fit	   results	   in	   format	  which	   can	   be	   examined	   by	   exisTng	  
tools,	  and	  analyse	  the	  results,	  extracTng	  the	  correlaTons	  and	  defining	  further	  
iteraTons	  

–  Some	   resources	   are	   also	   required,	   especially	   in	   the	   iniTal	   phase,	   from	   the	  
global	  PDF	  experts	  (not	  idenTfied	  yet)	  	  
	  
	  

PDF	  benchmarking	  proposal:	  resources	  
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•  It	   is	  desirable	   to	  do	   such	  a	  benchmarking	  exercise	   if	   it	   can	  be	  done	  and	  
documented	  with	  its	  conclusions	  over	  ~	  one	  year,	  such	  that	   it	   is	  used	  by	  
the	  future	  run-‐2	  publicaTons	  of	  the	  LHC	  experiments.	  

•  TentaTve	  Tmeline	  from	  note	  is	  based	  on	  this:	  
–  Seung	  up,	  validaTon	  of	  toy	  producTon	  and	  toy	  fits,	  dry	  runs	  (100	  toys?)	  

Jan-‐April	  2019	  
–  First	  producTon	  run	  (as	  close	  as	  feasible	  to	  10000	  toy	  fits	  

April-‐July	  2019	  
–  Analysis	  of	  results,	  second	  iteraTon	  

July-‐October	  2019	  
–  DocumentaTon	  of	  results,	  conclusions	  

September-‐December	  2019	  

•  This	  should	  be	  in	  sync	  with	  the	  rest	  of	  the	  precision	  EW	  group	  report,	  but	  
if	   it	   takes	   a	   bit	   longer,	   we	   could	   consider	   also	   a	   different	   report	   as	   a	  
conclusion	  of	  this	  sizable	  amount	  of	  work.	  	  
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PDF	  benchmarking	  proposal:	  feedback	  

S.	  Forte	  
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PDF	  benchmarking	  proposal:	  feedback	  
L.	  Harland-‐Lang	  
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PDF	  benchmarking	  proposal:	  feedback	  

S.	  Alekhin	  
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PDF	  benchmarking	  proposal:	  feedback	  

P.	  Nadolsky	  
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•  Next	   steps	   require	   new	   document	   incorporaTng	   feedback	   received	  
yesterday,	   answers	   to	   objecTons	   (major	   ones	   listed	   below),	   and	   a	  
concrete	  proposal	  on	  how	  to	  move	  forward.	  
This	  will	  be	  done	  in	  January	  

•  Major	  objecTons/points	  of	  discussion:	  
–  When	  measuring	  correlaTons	  with	  toys,	  won’t	  we	  only	  measure	  noise?	  
–  How	  to	  account	  for	  tolerances	  applied	  by	  CT	  and	  MMHT	  through	  toys?	  
–  How	  do	  we	  deal	  with	  the	  fact	  that	  different	  groups	  use	  in	  pracTce	  different	  data?	  
–  Not	  obvious	  that	  NNLOJET	  grids	  will	  be	  available	  within	  next	  few	  months	  
–  A	   large	   number	   of	   toys	   requires	   large	   resources,	   perhaps	   one	   could	   do	   this	   more	  

efficiently	  by	  building	  an	  umbrella	  set	  of	  eigenvalue-‐based	  covariance	  matrices	  which	  
would	  somehow	  incorporate	  the	  correlaTons	  between	  different	  PDF	  fits?	  
As	  far	  as	  (not	  very	  far)	  as	  my	  personal	  understanding	  goes,	  this	  should	  be	  possible	  if	  
one	   would	   start	   from	   the	   data	   inputs	   (about	   5000	   measurements)	   and	   their	  
uncertainTes	  and	  correlaTons.	  

•  Most	  likely,	  we	  will	  launch	  on	  a	  small	  scale	  (100	  toys	  or	  so,	  exisTng	  theory	  
predicTons,	   reduced	  set	  of	  data	  points?)	  a	  benchmarking	   test	  with	  both	  
approaches	  to	  evaluate	  more	  realisTcally	  what	  can	  be	  done	  over	  a	  year	  or	  
so	  
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