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PDF uncertainties and correlations
Baseline MC used: Powheg+Pythia 8 CT10 nnlo

PDF variations are applied as event weights on the generator level, calculated internally
in Powheg as the ratio of the event cross sections predicted by CT10 and alternative
PDF sets:

- CT10, CTEQ6.6, MSTW2008 used in publications

- CT14, MMHT2014, NNPDF31: current PDF sets

- HL-LHC, LHeC: future PDF sets

Different energies 2, 5, 7, 13 TeV (pp-bar for 2 TeV)
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Powheg+Pythia8 signal samples Wenu: different PDF variation, different PDFsets



Events /1 GeV

Detector effects

Methodology: - smear truth level input distributions using simplified parameterisations to
mimic detector effects.

oe(Er) a(|nel)VEe ® b(Inel) @ c(|nel) - Ee,
o (%) ro(Ine)) ® ri(|nel) - ph

Tur(PY.5) = qo-(s/50)" + qiypy;

- Construct mW templates, vary PDFs, check impact on mW
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Example of PDF effects (CT10nnlo)

mT

mW=80401 + 2.76 - 2.16 MeV

mW=80400 + 32.65 - 23.61 MeV
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Factor 10 between born and smeared fcé)r mT, small effect from smearing on pTI
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HL-LHC/HE-LHC



my, Uncertainty [MeV]

PDF uncertainties

Consider pp collision data at low pile-up at the HL-LHC and HE-LHC benefiting from the
extended acceptance of the tracking detector (ITk) up to |etal~4.
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CT10 and CT14 sets have similar uncertainties, MMHT2014 30% lower. HL-LHC PDF
sets provide a reduction by a factor of 2 compared to CT10. The LHeC PDF sets reduce
the uncertainty by a factor 5-6 compared to CT10.
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PDF uncertainty correlations in CT10 and CT14
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Similar general behaviour. Slightly stronger anti-correlation between 0-2.4 and 2.4-4
(W+ 13 TeV) in CT14 (-0.38 instead of -0.26). But main difference positive correlation
between W+ and W- for eta < 2.4 (0.52 instead of 0.01)
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PDF uncertainty correlations in CT10 and MMHT2014
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Similar general behaviour. Weaker anti-correlation between 0-2.4 and 2.4-4 (W+ 13
TeV) in MMHT14 (-0.13 instead of -0.26). But main difference positive correlation
between W+ and W- for eta < 2.4 (0.28 instead of 0.01)



ATLAS-Tevatron combination
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ATLAS-Tevatron combination
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Aim: provide a new world average value combining the existing public results
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Published results Tevatron result ATLAS result CMS,

CTEQG.6 CT10 LHCb...
Common PDF set omyy (Tevatron) omwyy (ATLAS)
Correlation
I,
Combined results mw combined
CDF ATLAS
Selection cuts 30<p,<55 GeV, p,>30 GeV,
60<m_ <100 GeV, m, >60 GeV,

u,<15 GeV, [n|<1 u,<30 GeV, |n|<2.4
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PDF uncertainties

Dominant uncertainty in both measurements

ATLAS: CT10 for central value + uncertainties + envelope with CT14, MMHT
uses constraints from pTZ data : consider only PDF-induced variations on the
pTW/pTZ ratio

Tevatron: CTEQG6.6 for central value; CTEQ6.6 + MSTW2008 for uncertainties.
—> no envelope of different PDF uncertainties taken into account. Difference

between CTEQ6.6 and MSTW2008 quoted to be 6 MeV but not considered. No
pTZ constraint used.

—> decorrelate uncertainty quoted in ATLAS from the envelope = 3.8 MeV and
decorrelate the uncertainty for the parton shower PDF uncertainty.

Will guote combined values for various PDF set; final envelope to be defined
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PDF uncertainties

How to estimate remaining correlations?

- Update the published measurements with a common choice of a PDF set,
compute shifts and correlations—> Tevatron: update ResBos interfaced to more
recent PDF sets. Recent preliminary studies from Tevatron show that the PDF
uncertainties do not depend on the tool used to evaluate them, switch to
MC@nlo or Powheg. ATLAS: transmit PDF variations using reweighting of the
event kinematics (pT,y,Ai)

- Emulate the published measurements: smear truth-level distributions using
simplified parameterisations to mimic detector effects
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Emulation approach

Use Powheg to simulate 1.96 TeV pp-bar and 7 TeV pp with a baseline PDF: CT10
Compute PDF weights for CTEQ6.6, CT14, MMHT, NNPDF3.1

Mimic recoil and lepton resolution effects through a smearing approach of the truth level
distributions to the one published in the measurements (done by eye for now)

Official repository to upload histograms for more exact smearing:
https://qitlab.cern.ch/Ihcewkwg/Ihcewkwg-precisionEW/mwcombinations
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Validation of smearing corrections for ATLAS at 7 TeV

Not perfect agreement but reasonable for a first check
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Parameterised CDF simulation

Parametric simulation based on that used for mW
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Reasonable estimate of PDFs (based on
comparisons to full fast simulation used for CDF)

Old study based on Powheg + Pythia —> update
to Madgraph + Pythia and improve smearing

Results to be updated with these parameterisations
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Correlations

pTl observable ..
Preliminary

g g
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---------------------------------------------------------------------------------------------------------------------------------------------------------

3.W+7TeV. 026 0.31

..............................................................................................................................................................
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W+ pp-bar 2 TeV more correlated to W- pp 7 TeV then to W+ (effects from different x?)

Few % stat uncertainties to be evaluatedson the correlations



Correlations
MmT observable ..
Preliminary
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Few % stat uncertainties to be evaluated on the correlations



Shifts (MeV)

Preliminary
CT10—> |
CleEge¢ . P P mm
7 TeV eta 1 -4.0 -6.3 -7.7 -3.8

"""" TeVeta2 | 126 | 5 168 -8
"""" Tevetas 77 486 55 09
""""
CTEQ6.6—> |

cro P PO

2 TeV +8.4 +8.4 +7.3 +6.8

Large shifts observed +8 MeV going from CTEQ6.6 to CT10
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Stat uncertainties and mw values

Assume: mW = 80387 for Tevatron and mW = 80370 for ATLAS
CDF

Distribution W-boson mass (MeV) x> /dof
my(e, v) 80408 = 19, = 18 52/48

. Combine e/mu —> 13.67 (pTl) and 12.24 (mT)
pL(e) 80393 + 21, = 19 s0/2 PpTl+: 19.33, pTl-: 19.33, mT+: 17.31, mT-: 17.31

pi(e) 80431 + 25, * 22, 71/62
my(p, v) 80379 = 164, * 164 58/48 /
ATLAS

ph(w) 80348 + 18, * 184y 54/62
prp) 80406 * 22y, * 204 79/62 Channel my | Stat. Muon Elec. Recoil Bckg. QCD EW PDF | Total
mr-Fit [MeV] | Unc.  Unc. Unc. Unc.  Unc. Unc. Unc. Unc. | Unc.
W* = g, |7 < 0.8 803713 | 292 124 00 152 81 99 3.4 284 | 47.1
W* = 08 <yl < 1.4 | 803541 | 32.1 193 00 130 68 96 3.4 233 | 476
W* = v, 14 <l <20 | 804263 | 302 351 00 143 72 93 34 272 569
W* = ur,2.0 < < 2.4 | 80334.6 | 409 1124 00 144 90 84 34 328 | 1255
W= = v, Iyl < 0.8 803755 | 30.6 116 00 131 85 95 34 306 | 485
Different cateqgories for electrons and W™ = u,08 <yl < 1.4 | 80417.5 | 364 185 00 122 77 97 34 222 497
g W= = v, 1.4 < <20 | 803794 | 356 339 00 105 81 97 34 231| 569
e . W= = 20 <l < 2.4 | 803342 | 524 1237 00 116 102 99 3.4 3411399
muons but similar stat uncertainties. W* = e,y < 0.6 803529 | 294 0.0 195 13.1 153 99 34 285 508
W* = e, 06< gl <12 | 803815 | 304 00 214 151 132 96 3.4 235| 494
W* = ev,1,8<p <24 | 803524 | 3224 00 266 164 328 84 34 273 | 626
L W= — ev, 7l < 0.6 804158 | 313 00 164 118 155 95 3.4 313 521
For now assume muons uncertainties and W™= en,06<pl<12 | 802975 | 33.0 00 187 112 128 97 34 239 | 490
. W™ —ev,18 <yl <24 | 804238 | 428 00 332 128 351 99 3.4 281 723
divide by sqrt(2) except for 1.2<|etal<1.8 proFit
W* = v, < 0.8 803277 | 22.1 122 00 26 51 90 60 247 373
take muon Only W* = 08 <jl < 1.4 | 803573 | 25.1 191 00 25 47 89 60 206]| 395
W* o v 14 <l <20 | 804469 | 239 331 00 25 49 82 60 252| 493
W* = v, 2.0 < gl < 2.4 | 80334.1 | 345 1101 00 25 64 67 60 3181202
W™ — v, I < 0.8 804278 | 233 116 00 26 58 81 60 264 390
W™ = uv,08 <yl < 1.4 [ 803956 | 279 183 00 25 56 80 60 198 | 405
W~ = v, 14 <jl <20 | 80380.6 | 28.1 352 00 26 56 80 60 206| 509
W= = v, 20 <yl <24 | 803152 | 455 1161 00 26 76 83 6.0 3271296
W* = ev, il < 0.6 803365 | 222 00 201 25 64 90 53 245 407
W* = en,06<gl<12 | 803458 | 22.8 00 214 26 67 89 53 205| 394
W* = ev,1,8<pl <24 | 803447 | 240 00 308 26 119 67 53 241 482
W= — ev, |7l < 0.6 80351.0 | 23.1 00 198 2.6 72 81 53 266 | 422
W™= en,06<pl <12 | 803098 | 249 00 197 27 73 80 53 209 | 399
oW - en18<lyl<24 | 804134 [ 301 00 307 27 115 83 53 227 510




mW uncertainties (MeV)

2TevV | . | .

CTEQ6.6 pPT pT mt mT pT&mT
Stat 19.7 19.3 17.3 17.3 9.4*
PDF 14.8 15.9 11.9

....................................................................................................................................................................

Total | 243 = 250 = 210

PDF uncertainties here scaled from 90 to 68%CL with 1.645; however in Tevatron results
it is scaled from MSTW2008 with 2.15 —> 10 MeV in agreement with the published result

2 TeV N L .

CT10 PT PT mr mr pT&mT
Stat 19.3 19.3 17.3 17.3 9.7*
PDF 16.6 18.1 13.2 13.4 14.3
Total | 255 = 265 | 218 | 219 17.3

* to be updated with proper stat correlation betw&Een pT and mT



mW uncertainties (MeV)

7 TeV | i i i i i i i i i i i i i s s :
. pr* i prt i oprt o oprtooprt i oprtooprtooprtoomrt s omroomrtoomrosomrtoomroomrt s omr o pl&
i Etal | Etal | Eta2 | Eta2 | Eta3 | Eta3 | Eta4 | Eta4 | Etal | Etal | Eta2 | Eta2 | Eta3 | Eta3 | Eta4 | Etad { mT

] ' '
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
v

Stat | 15.6 | 16.5: 17.8  19.7 1 23.9 1 28.1 | 24.4 | 32.2 1 206 | 21.6 | 22.7 i 258 | 30.2 | 35.6 | 28.9 | 37.0 { 6.8

Total { 28.2 | 28.2 1 32.4 | 28.4 1 35.0 i 36.4 | 30.5 | 40.6 | 34.3 1 32.7 1 34.0 : 32.8 1 36.9 | 43.1 | 35.2 | 48.3 | 10.8

7TeVi pr+ i pr- i pit i pr-ipttiopttipt i opttimet i mr i mrt i omr o imrt omr Eomrt Eomr | pl&
CT10: Etat | Etal | Eta2 | Eta2 | Eta3 | Eta3 | Eta4 | Etad4 | Etal | Etat | Eta2 | Eta2 | Eta3 | Eta3 | Etad4 | Etad i mT

] ' ' '
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bbbl b ieleiiel ity el et el Eefieilelieieieeieleiel sl Bttt lelel dheteiieddediel et Tttt el ettt et Rl il bt b b b

Total | 36.4  34.0 | 36.0 : 31.5:37.4 1 37.8356:41.5: 424 37.3  34.8 | 36.1 | 39.3 | 44.8 i 415 51.0 | 12.5

In agreement with the published result (worse because no pTZ constraint is yet applied)
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mW uncertainties (MeV)

2TeV CTEQ6.6 CT10 MSTW2008 MSTW2008

_____ pTamT | /1645 (645 0% 8%
Stat 9.4* 9.7* 10.1* 9.2*
""""" pF 120 143 203 o4
w160 18 27 | e
2.16

Compatible with the scaling factor from Tevatron 2.15

If scaled by 2.16, CTEQ6.6 number will be 9.82 compatible with MSTW2008 and with
the published Tevatron result
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mW uncertainties (MeV)

CT10 MSTW2008 MSTW2008

7TeV  CTEQG.6
_____ pTamT /1645 /1645 90%  0%%
Stat 6.8 7.4 7.1 6.1
""""" oF 84 100 115 5g
"""" el 08 125 135 | 85
1.98

MSTW PDF uncertainties: 1.7 factor smaller than CT10 for 7 TeV

25



Correlations
Preliminary

U RS SppUpRUppUpY RS Up U apU JR S

1. W+ 2 TeV|

-----------------------------------------------------------------------------------------------------------------------------------------------------------

2. W-2TeV |

--------------------------------------------------------------------------------------------------------------------------------------------------------

3. W+ 7 TeV:

..............................................................................................................................................................

Ly

1. W+ 2 TeV

-----------------------------------------------------------------------------------------------------------------------------------------------------------

2. W-2 TeV

----------------------------------------------------------------------------------------------------------------------------

3. W+7 TeV.

..............................................................................................................................

4. W-7 TeV'

Loss of correlation between W+ 2 and 7 TeV with MMHT while still present for W-



Conclusions

Machinery in place for the combination and evaluation of PDF uncertainties

Smearing procedure in place to estimate PDF uncertainties (important effect for mT,
factor of 10 difference between Born-level and emulated reco-level)

Different W+/- correlations between different PDF sets observed
Stronger correlation between W+ 2 TeV and W- 7 TeV observed
MSTW?2008 scaling factor 2.15 different from CT10 1.645 reproduced

Next steps

Reupdate results with the parameterisations from Tevatron
Improve the parameterisations for ATLAS 7 TeV

Evaluate the correlations and the mW combined value and uncertainty for other PDF
sets. Agreed on CT14, MMHT, and NNPDF3.1. Define an envelope uncertainty.
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Backup slides
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PDF uncertainty correlations

Channel 17, range /s [TeV] 1. 2. 3. 4. 5. 6. 7. 8.
w+ 0-2.4 14 1. 1 -0.26 001 -001 095 035 047 -0.27
Wt 244 14 2. -026 1 -001 -017 -0.19 057 -003 -0.13
W~ 0-2.4 14 3. 001 -0.01 | -043 007 001 079 0.10
w- o 244 14 4 -001 -017 -043 1 006 -0.12 -040 049
W+ 0-2.4 27 5. 095 -0.19 0.07 -0.06 1 034 054 -0.27
W+ 2.4-4 27 6. 035 057 001 -0.12 0.34 1 0.16 -0.37
W~ 0-2.4 27 7. 047 -0.03 0.79 -040 0.54 0.16 1 -0.24
W- 244 27 8 -027 013 010 049 -027 -037 -024 I
Channel 17, range /s [TeV] 1. 2. 3. 4. 5. 6. 7. 8.
W+ 0-2.4 14 1. 1 -0.38 052 -0.08 094 0.18 0.67 -0.07
W+ 2.4-4 14 2. -0.38 | -0.27 -0.15 -034 0.69 -0.30 -0.19
W= 0-2.4 14 3. 052 -0.27 | -0.36 0.58 -0.13 093 -0.15
W~ 2.4-4 14 4. -0.08 -0.15 -0.36 | -0.12 -0.12 -0.29 0.66
w* 0-2.4 27 5. 094 -0.34 0.58 -0.12 | 0.14 0.75 -0.07
W+ 2.4-4 27 6. 0.18 0.69 -0.13 -0.12 0.14 1 -0.10 -0.23
W~ 0-2.4 27 7. 0.67 -0.30 093 -029 0.75 -0.10 1 -0.23
W= 2.4-4 27 8. -0.07 -0.19 -0.15 0.66 -0.07 -023 -0.23 |
Channel 17, range /s [TeV] 1. 2. 3. 4. 5. 6. 7. 8.
w 0-2.4 14 1. | -0.13 028 -0.13 095 044 0.67 -0.07
w* 2.4-4 14 2. -0.13 | -040 0.10 -0.07 0.58 -0.18 -0.26
W~ 0-24 14 3. 028 -0.40 1 -066 026 -0.02 0.77 0.00
W= 2.4-4 14 4. -0.13 0.10 -0.66 1 -0.11 -0.09 -044 0.52
w* 0-2.4 27 5. 095 -0.07 026 -0.11 | 041 0.70 -0.06
w* 2.4-4 27 6. 044 058 -0.02 -0.09 041 | 0.20 -0.26
W~ 0-2.4 27 7. 0.67 -0.18 0.77 -044 0.70 0.20 | -0.12
w- 2.4-4 27 8. -0.07 0.00 052 -0.06 -026 -0.12 |
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Uncertainty correlation

Stat and Experimental uncertainties: decorrelated
Theory-related uncertainties: correlations to be evaluated

CDF
E, EW g ATLAS .
Source Uncertainty
Lepton energy scale and resolution 7
Decay channel W —ev W — uv Recoil energy scale and resolution 6
Kinematic distribution p% mr pg, mr Lepton tower removal 2
Smy [MeV] Backgrounds 3
FSR (real) <01 <01 <01 <O0. PDFs 10
Pure weak and IFI corrections 3.3 2.5 3.5 2.5 pr(W) model 5
FSR (pair production) 36 08 44 08 Photon radiation 4
Statistical 12
Total 4.9 2.6 5.6 2.6 Total 19
W-boson charge W+ W= Combined
Kinematic distribution pL  mr pL mr pL mr
‘ omw [MeV]
| QCD Fixed-order PDF uncertainty PDF 13.1 149 120 142 80 87
AZ tune 30 34 30 34 30 34
Charm-quark mass pTW 12 15 1.2 15 1.2 1.5
ATLAS Parton shower pup with heavy-flavour decorrelation 5.0 69 50 69 50 6.9
Parton shower PDF uncertainty 3.6 40 26 24 1.0 1.6
Angular coefficients Al 58 53 58 53 58 53
Total 159 181 14.8 17.2 11.6 129
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Uncertainty correlation

All non-common uncertainties are obviously decorrelated

- The uncertainty from polarisation coefficients was estimated at the Tevatron and
found to be negligible ~0.5 MeV

- No explicit uncertainty in the Tevatron results for the extrapolation from pTZ to pTW
- pTZ tune uncertainty dominated by stat uncertainties
==> Therefore pTW modelling uncertainties can be taken fully decorrelated

EW uncertainties agreed to take them as fully correlated between the different
experiments.
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