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Main topics :
o ATLAS measurement of mw (Eur.Phys.J. C (2018) 78:110)

e Prospects for a measurement of ptW using low-pileup runs
(ATL-PHYS-PUB-2017-021)



Motivations

* In the SM at LO the W boson mass W W
can be expressed as a function of
three parameters known with high
precision: aem, Gy, Mz sin0,, = 1—m;,/m,

_ _Tto 1
JEGul—Ar

2 . 2
- Beyond LO : corrections depending m,, sin”0,,

on my and Miop

Ar = Ao — tanGWAp(mmp) + Arf:i(mmp,mH) +
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W reconstruction with ATLAS

W->lv (I=e,u) decays reconstructed in

ATLAS :

- Muons identified and measured by the inner
detector (ID) and Muon Spectrometer;

- Electrons are identified and measured by the
ID and the Liquid Argon EM calorimeters;

- The missing transverse momentum is
measured with the whole calorimeter
system.

' ATLAS

collected in 2011 : M‘? A EXPERIMENT

The mw measurement is based on data

Vs =7TeV
[dL =4.6 (4.1) fb-1 for e (u) sample,

Average number of inelastic pp collisions
per bunch crossing <p>= 9.1




Selection and reconstruction

Main variables: 7N Py W o iv

_>1
- Lepton transverse momentum: Pr

- Recoil; ur = E ,ET,I'
. \ ¥
l &
. S miss St | - W& P
- Missing-pr: P = — (1"1‘ + uT) . ur

- Transverse mass: mr = \/ 2/71",/),'}"'“('_] — CcosS A@)

Event selection:
- Muons: |n|<2.4

- Electrons : |n|<1.2 OR 1.8<|n|<2.4
- Lepton isolation

(a)

- pt>30 GeV

- ptMiss>30 GeV Events
- ur<30 GeV W+ =ty 4609 818
- mr>60 GeV W= = =i 3234 960
Sample of 13.7 M events: 5 times larger than Wt = ety 3397 716
combined (DO+CDF) Tevatron sample. W= —e v 2487 525

Z->ll selection used to MC tuning and cross check
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mw measurement strategy

At LO p1 has a Jacobian peak at mw/2,
mt has an endpoint at mw

Different effects modify the reconstructed pr!
and mrt distributions:

- Initial and final state radiation (QED);

- The W boson ptW distribution (QCD);

- Detector response.

Method:
Fit the distribution of pt! and mt using MC
templates generated with different mw,

- mrt less sensitive to W boson pr, but more
sensitive to hadronic recoll

- pT1' not directly dependent on recoil, but
more sensitive to ptW

LO :

do/dcos9*«(1+cos29*)

Normalised to unity
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Construction of MC samples

750

MC is generated using PowHeg+Pythia8 and 2 = ATLAS -
. . . - — 700 —
reweighed to the optimal theoretical model exploiting 5t 1s=7Tev, 461 3
this cross section factorisation : £ 600&___== E
doo [do(m) || do(y) ||do(pr.y) (do(y) - 5507 =§
dp;dpy | dm dy dprdy \ dy jgg: ;
4007 ——
X |(1+cos*6) + > Ai(pr,y)Pi(cos 6, ¢) 3505 - Data (W) e
i - —e— Data (W) —
3005_— Predlctlon (CT10nnIo) =
250 b L P R L1 N ENRE N B
e do/dy and angular coefficients A (pr,y) are taken 0 02040808 T 12141618 2 2224
from Fixed-order NNLO theory: n
DYNNLO + CT10nnlo PDFs, S
good agreement with ATLAS Z and W data < [ ATLAS - Data .
1-\s=8TeV,20.3fb" [ DYNNLO (CT10nnlo)
- pp—Z+X -
* do/pt (iny bins) is taken from Pythia8 + AZ tune 0.8 ]
(next slide) - —— i
0.6 = —
QED effects: 0.4 =) = E
* |SR/FSR simulated in MC using Pythia8 QED ISR / 0ok " B
Photos C ]
Qe IR RS R SR
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ptW distribution

* Fixed order NNLO calculations can not T 00sEATLAS LTS
O}

predict accurately the ptW spectrum at low- S oo 's77Tev. 471" —— Pythia 8 4C Tun
= —— Pythia 8 AZ Tune

|_

pTW because of large logs of (orW/Mw): g ot :
resummation is needed (analytical or N3 E
effectively through parton shower MC). 0.0355. E
0.02F =

e The Pythia-8 “AZ tune” is used, tuned to the 001 =

ATLAS measurement of pt4, which gives a 0

good description of Z and W data. 09
Tuned parameters: 0
intrinsic parton Kr,

1.

O
TTTTTTIT

Pred. / Data

[ N =r T 7 T T [ I I [ I |

the cutoff and the as used in QCD ISR. O 145ATLAS —e— Data E

\3 1 3E-Vs =7 TeV, pp—Z+X, 4.7 fb” _ =

B 1.0F 's=7TeV, ppsW+X, 30 pb” —*— Pythia 8 AZ Tune 3

N 1.2 1T1E =

E; - ATLAS Simulation 15 ——— =

* Resummed 155 57 1ev, ppos Wi, ppos 24X 0.9E- . =

- = et =

theory doesn’t 08E . =

: 1.055 0.7 . =

agree well with 0.6 —

1 — —

- 0-5:_| L | | I T S N T TR SR | | | | _1_—

W’ Z data' NOt 0.95; © 1 AT RS T 3
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Physics modelling uncertainties

Uncertainties on do/dpr

R ' N 1.041
e QCD uncertainties are evaluated by varying € F ATLAS Simulation
parameters of Pythia-8 AZ tune and of the ¢ 1035 o 1oy oo Wk, ppos z4x
NNLO calculation. 1.025
1.01
e Largest uncertainties on mw from PDF 1E
variations in NNLO calculation: 13-15 MeV, 0.99F -
largely anti-correlated between W+ and W- 0.98E
- ~u ---LOPDFW'  —Total W*
oo o _ 0.97¢ m, - LOPDFW  —Total W
* Uncertainties from missing higher-order 0,965 il T I
: 0 5 10 20 25 30 35 40
electroweak corrections are small. M2 [GeV]
T
QCD uncertainties
W-boson charge W+ W= Combined
Kinematic distribution ps mr p: mT pL  mr
dmw_[MeV]
Fixed-order PDF uncertainty 13.1 149 120 142 8.0 8.7
AZ tune 30 34 30 34 30 34
Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower pup with heavy-flavour decorrelation 5.0 69 50 69 5.0 6.9
Parton shower PDF uncertainty 3.6 40 26 24 10 1.6
Angular coefficients 58 53 58 53 58 53
Total 159 18.1 14.8 17.2 11.6 12.9




Lepton energy/momentum scale calibration

e |Lepton momentum scales are measured using Z->ll and events and corrected in MC

e Scale known better than ~2 x 104 (except for muons at highest rapidity)

e Translates into an uncertainty on mw of approx. 8-9 MeV

e Reconstruction, identification and trigger efficiency studied from Z sample, small

effects for muon, of similar size as the energy scale for electrons.
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Recolil reconstruction

hadronic recoil

ﬁ
ur

The reconstruction of the hadronic recoill
depends strongly on the total Et in the event,
three corrections are needed:

> X103 L L L L L L EL AL AL BRI T

. . . . . . (05) 1205_ ATLAS ; gitim— (before transf.) _E
1- Pileup distribution: data/MC equalisation. Q 10E ws=7Tev. 4t gl tervans)
« 80 -
. . . . S s E
2- Correction of residual differences in the & F .
total Et distribution (activity mis-modeling) OF E
20F- -

3- Calibration obtained by the prbalance in 3 105¢ ____________ SRR, il ‘l _____ |

— MM .............. LTS

Z event T N —— *‘”**”"“**”“’fHHHH}HH{Jnl\llI
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Z cross check

e Good data/MC agreement in Z->l| R

> F . > E 3

@ - ATLA _e-Data - () i -e- Data -

O M40p \‘s=7T§v, 4.1 b By G 20008 ﬁt’}/—‘rfv 411 mzo -

. _g = []Background E Ny 50000:— []Background =

e Test: mz from fits to mt and pr g 100 | Lo E
; i 300002— _i

= eooooi— —i

* Result consistent with mz within 10000 -
experimental 1/1.5 o. (Note the g rosE R ;
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W : Data - MC comparison

e Backgrounds:
EWK+top from MC
Multijet data-driven

e Good data /MC
agreement
observed over
many tested
distributions
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Mass Fits

e MC templates with different mass are generated in steps of 1-10 MeV

e 28 y? fits, separated by lepton type (u,e), W charge (+/-), rapidity interval (4 for u, 3 for e),
fit variable (mr, pt!).

* Many other fits were performed as consistency checks by varying the fit range, varying
the range of ur etc.

> X-l' 03 -+ g1+ r+ "+ r~r+r 1+ 1 1 [ > X'-l 03 rr--.1rrrrrrrr 1 rrrrrrr 1 1 r°r 11"
2 s00- ATLAS o Data J B 1605 ATLAS o Data =
Z 1gof 's=7TeV, 41 fo WW-ouv 3 5 140/ \s=7TeV, 46 fb’ WW-ev 3
@B 160E []Background 3 o 120 = [ ]Background I
- = x2/dof =57/59 I - - x?/dof = 36/39 -
¢ 140E- 3 o 100 =
5 120= 7 2 %% -
100 = o 80 =
80E- = W 60 =
20 3 20 =
o 1.02 O S S S U SRR ) IR I I I o 1.02 S S S T
9 1.01/ Ly e T 4 ‘|‘ ........ ‘H .......... 9 1.01E: R 27 -|-‘]' -|- ................
& 93%{”*****++++++*+++"*++++“+++++++H+JrJr]ﬂlJ{ t H@ = 0 93?++++++++"‘+++++++++++++++Jr
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Mass Fits

e MC templates with different mass are generated in steps of 1-10 MeV

e 28 y2 fits, separated by lepton type (u,e), W charge (+/-), rapidity interval (4 for u, 3 for e),
fit variable (mT, pt!).

* Many other fits were performed as consistency checks by varying the fit range, varying
the range of ur etc.

= 80700 80700

- Ap_ (W [JStat. Unc. - Ap (W ") [JStat. Unc.
§ 80650:—A TLAS v p:(W‘) —Total Unc. G;) 80650:—A TLAS Vo, ( ") —Total Unc.
— - (s=7TeV, 4.1 b A m (W) [JStat. Unc. — - (s=7TeV, 461" A m(W" [JStat. Unc.
E; 80600 . . ¥ m (W) —Total Unc. E; 80600 . . ¥ m (W) —Total Unc.

80550 f_Wi_> uv : — Comb Fit []Total Unc. 80550 f_Wi—> ev : — Comb Fit []Total Unc.
80500 ; ; ; 80500 ; ; ;
80450F + 5 5 + 5 80450 5 i 5 !
80400F- | + ) L | 80400F- . | o
80350 —+ - +_ _+ - 11 Ly 80350 T+_+ A . | # |
80300F ; ; nl I 80300 ; * + | |
802501 i i i 80250 | | |
80200F : : : 80200°F : : :

0.0<|n||<0.8 O.8<|T]||<1 4 1 .4<|n||<2.0 2.0<|n||<2.4 0.0<|n||<0.6 O.6<|n||<1 2 1 .8<|T]I|<2.4

Category Category
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Combined Result

Different combinations are performed,
taking into account the correlation of
mTt and pt! (approx. 50%) and of
systematics.

p'T, W= Iy

p'T, W=lv

m-p!, W= Fv

AR e T T T T T Partial Colb.)
= Stat. Uncertainty
\S=7TeV. 4.1-4.6 fo — Full Uncertainty
B N T I —m,, (Full Comb.)
@ Stat. Uncertainty

PS Full Uncertainty

ATLAS

1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

The final combination gives My [MeV]
(assuming same mass for W+ and W-) :
Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | y?/dof
[MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
| 80369.5 6.3 6.6 6.4 2.9 4.5 8.3 5.9 9.2 18.5 | 29/27

stat. = 6.8 MeV exp. syst = 10.6 MeV

mw = 80370 +- 19 MeV
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Comparison with previous results and SM

e The ATLAS measurement has the same precision of
the previous most-precise single measurement (CDF)
and is consistent with previous result.

e Word Combination uncertainty varies between 11 and
14 MeV, depending on assumed correlation between
ATLAS and Tevatron. PDG assumes 7 MeV of
correlated uncertainty (J. Erler, Moriond 2017). A detailed
study of this correlation (mainly PDFs) would be very
important.

e Good agreement with predicted mw from SM EWK fit.

10

© ama N W & U OO N @

Gfitter Group arXiv:1803.01853

: I I '. I I I I I I : I I I I I I I I :

S T T e 36

- [ |smiitwio M,; megsurements -

— SM fit w/o M;'v ang M, measurements -

= . =l= LEP [arXiv:t3028415] —

— i == Tevatron [afXiv]1204.0042] —

= , =@= ATLAS [ERJC}8, 110 (2018)] =

T e Y A —20

= Re—s = :

SN, S 7 — e E

- Yy [— @ | -

_ ] ] | ] k_f/ | ] ] l | ] ] ] | ] ] ] .
80.34 80.36 80.38 80.4 80.42

PDG, April 2017

At Y

ALEPH l —— 80.440 +0.051
L3 = 80.270+0.055
OPAL ——m——  80.4150.052
LEP2 — 80.376+0.033
y2Idof = 49/41
DO + 80.383+0.023
Tevatron ‘= 80.387+0.016
y2idof = 4.2/6
World av. (old) - 80.385+0.015
ATLAS —li- 80.370+0.019
World av. (new) 4 80.37940.012
T N T
80.2 80.4 80.6
M,, [GeV]




W+ - W-

Channel | my+ —my - | Stat. Muon Elec. Recoil Bckg. QCD EW PDF | Total

[MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | Unc.
W — ev —29.7 17.5 0.0 4.9 0.9 5.4 0.5 0.0 24.1 | 30.7
W — uv —28.6 16.3 11.7 0.0 1.1 5.0 0.4 0.0 26.0 | 33.2
Combined —29.2 12.8 3.3 4.1 1.0 4.5 0.4 0.0 23.9 | 28.0

Mws - Mw-=-29 +- 28 MeV
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Prospects for pr’v measurement

One of the largest uncertainties comes from ATL-PHYS-PUB-2017-021
the QCD modelling of the ptW distribution

i

5 1 ' ATLAS 'Simulation Preliminary -
- s =13 TeV Z— pp no pileup -
ptW can be measured directly from recoil, T b _ HYE 17
- - L oo () :
provided experimental resolution is good ° b T -~

enough.

—
N
T[T TT T [ T[T [TTT[TTT]]

For the pileup level of 2011 data (<u>=9)

o(ut)=13 GeV, not good enough. e
OO £
Special runs taken in 2017 at <u>=2 o o
> — . . .. B
\/_S — 5TeV J‘ L. =280 pb-1 (,5‘1 25;_ %Z?g%\n;l%lilc:lr:frehmmary G@é
Vs=13TeV [L =160 pb- Cl: JUES S
© ool {}Oﬂﬂ{*{}{} =
Lowered calorimeter thresholds and “particle F s Run-2 -
flow” reconstruction will further improve the - GOGOT 2011 .
recoil reconstruction beyond simple pileup 10;—}@5} e
reduction 5 :1++++ —o— High-u Calorimeter settings
- T |0W'[J run —* Lowy: Calorimeter setings
Target: measure ptW with ~1% uncertainty in T ;20

5 GeV bins for ptW<30 GeV
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Conclusions and perspectives

ATLAS measurement of mw : mw = 80370 +- 19 MeV

Competitive result, uncertainty dominated by physics modelling
Perspectives:

- Huge W and Z samples available from LHC run-1 and run-2

- Modelling systematics need to be reduced to exploit this sample
(e.g. reducing PDF uncertainty with new measurements, a fully

consistent model incorporating NNLO + resummation ?)

- Uncertainties from ptW can be reduced with a direct measurement in
2017 runs with low pileup.
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Muon momentum reconstruction

* Muons are identified using the Muon
Spectrometer, momentum is reconstructed
using Inner Detector: this gives a smaller
momentum scale uncertainty at the price of
worse resolution, in particular at large

rapidity.

e Global alignment weak modes, not seen by datacorr plaa
standard track-based alignment, Introduce Pr - L+q*6(n,¢) pa{atu
pr-dependent momentum biases. Theyare === =smaea= "
corrected based on Z->pp and W->ev E/p
data. o T ;

o F ATLAS -
5015;_ \s=7TeV, 4.1 fb" i
“© 0.1 ¥
0.05 -m‘ it E

: ##ﬁ’ ¥ i HL% ]
—0.05;—+I ¥ 4 * _;
—0.1- E/p method =
_0.15F —® Z—uu + global sagitta E

E _T_COT!.Di.n.e.dl.H.I....I..||I..HI....I..||II.1§

-2 -15 -1 05 0 05 1 15 2
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Muon momentum scale calibration

* Muon momentum is reconstructed using Inner S _

Detector only: this gives a smaller momentum =« 1'8825‘ ATLAS | E

. . 004F \s=7TeV, 4.1 fbo E

scale uncertainty at the price of worse Cooa ¢ E

resolution with respect to using the Muon 1.002F E

Spectrometer too, in particular at large rapidity. 1.001= S

12_ ___________________________ *—%

: 0.999F —

* Momentum scale and resolution measured 0.998E- E

using Z->uu events and corrected in MC 0.997F g 0.0<i<0.8, slope = -0.031+ 0.023 =

0.996F- --®- 0.8<M|<1.4, slope = -0.043 + 0.033 =

' = 1.4<[n|<2.0, slope = 0.086 + 0.041 =

M ' e Kk better th 5 % 10-4 0.995F -¥- 2.0<|n<2.4, slope = 0.103 + 0.085 =

( - e b oy e b b by -

omentum .sca © .ncl)wn etier than « x 0.016 0.018 0.02 0.022 0.024 0.026 0.028
(except at high rapidity) 1/ <p.(u)> [GeV"]
* Reconstruction and trigger efficiency studied
. - I = = - .

Muon uncertainties s EaTTTTTTTTTTT AR
& 60000 “ p N —
Ine| Tange (0.0, 0.8] (0.8, 1.4] [1.4,2.0] 2.0,2.4] Combined 3 onor. T — TV
Kinematic distribution pL mr pL mr pL  mr ph mr py  mr > 400005_ 3
dmw [MeV] gsooooé— E
Momentum scale 8.9 9.3 142 156 274 29.2 111.0 1154 84 8.8 200005_ =
Momentum resolution 1.8 2.0 1.9 1.7 1.5 2.2 3.4 3.8 1.0 1.2 100005_ _§
Sagitta bias 0.7 0.8 1.7 1.7 3.1 3.1 4.5 4.3 0.6 0.6 . .
Reconstruction and R e nm— ]
isolation efficiencies 40 36 51 37 47 35 6.4 55 2.7 2.2 & A b et P
Trigger efficiency 5.6 5.0 7.1 50 11.8 9.1 12.1 99 4.1 3.2 T
‘O" 80 82 84 86 88 90 92 94 96 98 100
Total 114 114 169 17.0 304 31.0 112.0 116.1 9.8 9.7 m, [GeV]
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Electron reconstruction and energy scale

: o 1.008 -
Electron energy measured using the LAr S [ ATLAS _
: 3 - i
calorimeter and presamplers > 1.004(~ \s=7 TeV, 4.6 fo” -
© N ]
& 1.0021 i
. . . o R A i
The energy calibration is based on the Z A a E
[ o L A _
mass taken as a reference and corrected in £ st :
MC 0.998— o
- Wioev + Zoee 7
0.996~ 4 <E/p> Data/Pred., In|<1.2 ]
-4 L v v b b b b Ly
Energy scale known at 2 x 10 0994 b
¢, [rad]
L] L] [ ] L] [ ] L] L] > E T T T T T T T T T =
Reconstruction and identification efficiency 8 soooo ATLAS e o
. . . \ g 25000; - o ] Background _f
from Z, uncertainties not negligible. 5 soo0oL- E
I_%150002— =
o 10000 =
Electron uncertainties 5000F- -
|n¢| range (0.0, 0.6] (0.6, 1.2] [1.82,2.4]  Combined E 1'051§'TH{HJ.+‘|" T T
Kinematic distribution Pt mT pfr mr pfr mr pfr mr SR S A AL
Sy [MeV] S g0 82 84 86 88 90 92 94 96 98 100
w m, [GeV]
Energy scale 104 10.3 10.8 10.1 16.1 17.1 8.1 8.0
Energy resolution 50 6.0 73 6.7 104 155 3.5 5.5 N _
Energy linearity 22 42 58 89 86 106 34 55 S 800005 ATLAS e 3
. o 70000 1s=7TeV,4.6fb —
Energy tails 23 33 23 33 23 33 23 33 £ 60000E Beckoround - 3
Reconstruction efficiency 105 88 99 7.8 145 11.0 7.2 6.0 L 50000~ =
Identification efficiency 104 7.7 11.7 88 167 121 7.3 56 :2228; E
Trigger and isolation efficiencies 0.2 0.5 03 05 2.0 22 08 0.9 200005 =
Charge mismeasurement 0.2 02 02 0.2 1.5 1.5 0.1 0.1 10000
Total 19.0 17.5 21.1 194 30.7 30.5 14.2 14.3 B 105t
o N e
= 0.95F ™
8 2 45 -1 05 0 05 1 15 2
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Recoll reconstruction uncertainties

e Sum Et correction is the largest contribution,

Recoil uncertainties

W-boson charge W W= Combined

Kinematic distribution pffr mr p"]T mr pfr mr

5mw [1\[6\/]
() scale factor 0.2 1.0 02 1.0 0.2 1.0
Y ET correction 09 122 1.1 102 1.0 11.2
Residual corrections (statistics) 20 27 20 27 20 27
Residual corrections (interpolation) 14 31 14 31 14 3.1
Residual corrections (Z — W extrapolation) 0.2 58 0.2 43 0.2 5.1
Total 26 142 2.7 118 2.6 13.0
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Events / 2 GeV Data / Pred. Events / 2 GeV

Data / Pred.
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Backgrounds

. . > 107|=r """""" IIII_._IIIé:
e Backgrounds from Z, diboson production, § EATLAS " Frresut
. S 10 _g\s=7TeV,4.6fb I W— ev + EW E:
top, estimated from MC 2 1 Multjets :
S B tt + single top EE
TR =
 The Multijet background is estimated from 10° -
data by relaxing the selection cuts on ptmiss, 107
mrT, isolation (and ur) and fitting sensitive 10
distributions (pr™iss, mr, pr/mr). 1 0sE Pl
?E 12_ .......... *’WM*M"‘M++ +
(DU 0.95 §_++"' .............. SO S S e el + ..... +
 The multijet background is order 1%. 0710 20 30 40 50 80 70 8F§’m.539[‘339\1,§’°
2] T T I I -
*qc‘J' 40000~ ATLAS -
> F \s=7TeV, 4.6 b -
-~ 35000F =
:G_—J~ - _
g 300005 ’\i\'\;
S 25000F ! -
8 - L Fitto p:‘ss (FR1) | Fitto p_':iss (FR2) Y -
% 20000_4 Fittom, (FR1) ¥ Fitto m  (FR2) B
< 15000 :_ 4 Fit to pi/mT (FR1) * Fit to pi/mT (FR2) _:
E* Nruttiet T Omethod 1~ Nutjet T ot E
10000 b—-——f————

0 2 4 6 8 10
|solation r™[GeV]
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Transverse momentum distribution

But beyond parton shower / resummation parameters, the pT distributions also depend on
the PDFs:

il i =
- - > 0.07F
& 0.07)- CUTOTE L 3 CuTe NLO+NNLL
= [ — [
a I —V, o 0.06
D 0.06[- - ©
8 : — Vo 8 .05/
© 0.05} — Vg =
= . Ve = -
0.03] 0.03f
0.02 0.02;
0.01 i, T 0.01
L 1 L l L 1 L | l | 1 A l L | L l L L 1 1 0
% 10 20 30 40 50 0
Py [GeV]

Needs to be under control, for a proper extrapolation of the tuned predictions to W
production. Uncertainty on the pT prediction for given flavour?

Ideally, prefer a fully integrated theoretical framework, with consistent PDFs used for all

aspects of the prediction (- resummation). In shower MC's, the “parton shower PDF" is an
additional degree of freedom



