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Towards the W boson
Gr = 1.166X107° GeV 2

= E. Fermi (1934): a theory of B-decay
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Towards the W boson

Gr = 1.166X107> GeV 2
= E. Fermi (1934): a theory of B-decay
= R. Glashow (1961): a model of partial symmetries (v, W+, W=, Z0) e

= S. Weinberg (1967): a model of leptons | |
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Towards the W boson

Gr = 1.166X107> GeV 2

= E. Fermi (1934): a theory of B-decay

= R. Glashow (1961): a model of partial symmetries (v, W+, W=, Z0) e

= S. Weinberg (1967): a model of leptons
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v V2Gr sin%6y,

T
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Towards the W boson

Gr = 1.166X107> GeV 2

= E. Fermi (1934): a theory of B-decay

= R. Glashow (1961): a model of partial symmetries (v, W+, W=, Z0) e

= S. Weinberg (1967): a model of leptons

2 n 2
miy, = = (40 GeV)
v V2Gr sin%6y,

T
V2GF sin260y, cos26y,

m3 =

= (80 GeV)?

» GARGAMELLE (1973): sin26,, € [0.3,0.4] ﬁ>

= C. Rubbia et al. (1983): W, Z discovery >
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FERMI BETA DECAY THEORY, 1934

my, € [60,80] GeV
my € [75,92] GeV

my = 80.2 + 1.5 GeV
m; =91.5 + 1.8 GeV

7




The SM prediction for my,,

my

2 z 1+ |1 in
my = — —
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See e.g. JHEP 05 (2015) 154

. . W. Hollik’s talk
The SM prediction for myy, e
> _ Mz 1+ 1o = my 1+ -2 (1+A)
my = — — e — ; Tr))
w2 J V2Grm} 2 J V2Gpmie ‘

3Grm? 11Gymi, . m%
— n
8v2m2 tan26y, 24212 myy

Ar =
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https://indico.cern.ch/event/1251919/contributions/5333277/attachments/2631398/4551842/Wmass_hollik.pdf

See e.g. JHEP 05 (2015) 154

The SM prediction for my, E—
2 _ M7 1+ |1 bl =>m% 1+ |1-— il (1 + Ar)

miy, = — — —= r
v Z \ \/EGFm% 2 \ \/—Gpmz

myz = 911880 * 2.0 MeV

Full 2 loops + QCD/EWK

my = 125.20 + 0.11 GeV @ 3,4-100ps my, = 80353 + 6 MeV
m, = 172.57 + 0.29 GeV (75 ppm)
3Gpm? 11Gpmiy m%,
Ar = — + _|_

8v2m2 tan26y, 24~/212
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https://indico.cern.ch/event/1251919/contributions/5333277/attachments/2631398/4551842/Wmass_hollik.pdf

See e.g. JHEP 05 (2015) 154

: : W. Hollik’s talk
The SM prediction for my,, et
mﬁ,=m—% 1+ 1o BN P (1 + Ar)
mz = 911880 £ 2.0 MeV Full 2 loops + QCD/EWK ™ 3 + 6 MeV
mpy = 125.20 + 0.11 GeV @ 3,4-|OOpS my = — e
m, = 172.57 + 0.29 GeV (75 ppm)
BSM
> » > T > % Higgs multiplets?
3G 11G
Ar = — FIm 4+ Ftw 1nm—f + ... Extra SU(2) doublets ?
8+/272 tan46y, 24272 myy, S U(l)r?
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https://indico.cern.ch/event/1251919/contributions/5333277/attachments/2631398/4551842/Wmass_hollik.pdf

The W mass puzzle (before Sept. 17t)

CMS Preliminary
o | = Legacy CDF result
my in MeV . . . . h SM 7

LEP combination 60376 » 33 . | inconsistent wit (70)
Phys. Rep. 532 (2013) 119 : e Tension with other
DO — + " ® { — ~
PRL 108 (2012) 151804 S0975 % 29 [ | measurements (~40)
CDF | 80433.5 + 9.4 | @
Science 376 (2022) 6589 !
LHCb | 80354 + 32 L : | = PDG 2024 (W/O CDF)
JHEP 01 (2022) 036 | 80369.2 + 13.3 MeV
ATLAS L 80366.5 + 15.9 |-!—0—| — . PDG SM
arxiv:2403.15085, subm. to EPJC ! * i.e. Amy, " ~ 2XAmy;

B | ——= EW it

. TR | 1 |

| | .
80300 80350 80400 80450 2 Thiscalls fora new
myy (MeV) measurement
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Measuring my, at hadron colliders

«10° Science 376 (2022) 6589

- CDF

W — gqg not feasible

J2Idof = 50 / 48
P.=37% =» focus on W — #v decay
X

(6)]
(@)

P s =98 %

Events / 0.5 GeV

/% ~ Pr

i = (20419 + 0¥ |+ P2 + b i) f
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Measuring my, at hadron colliders

x10°

Science 376 (2022) 6589

- CDF

y2/dof = 50/ 48
P.=37%
P, =98 %

)
o
|

Events / 0.5 GeV

CMS Experiment at the LHC; CERN
' Data recorded: 2016-Oct-14 09:56:16,738952 GMT
%

Run./Event /1.S:283171./. 142530805 /254",

N\

Of | S I R R e
60 70 80 90 100
i = (20419 + 0¥ |+ P2 + b i)
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—— Measuring my, at hadron colliders

Science 376 (2022) 6589

3

x10 %

- CDF J2ldof = 50 / 48 O

— o

. 50 — 2= 37 % °

5 Pc =98 % 2

To} o

S e
(2}
=
(O]
>
L

@

o

0 ] | | | | | | | N. } ; ;

60 70 80 90 100 ©

Q

A0° EPJC 78 (2018) 110
ATLAS = eDaa

{s=7TeV, 4.1’

W - p'y
[] Background
x2/dof = 20/39

mr \/Z(pT|pT+pT|+p +p5~°p¥~") p# > —

"« Cleaner at the LHC
* But: sensitive to W modeling
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—— Measuring my, at hadron colliders

MC simulation

pp > W +X
I_)fi‘l‘ Vp

1) Build templates of —;
dpt

for different values of my,

do
£

L. Bianchini
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—— Measuring my, at hadron colliders

MC simulation

pp > W* + X

: do 2) Find my=m;, ——
1) Build templates of — w w
) P dpy that best fits the data

for different values of my,

L. Bianchini 17



—— Measuring my, at hadron colliders

Events/GeV

1/Nominal

—_
o
o

1.000

0.999

x10°

168fb‘(13TeV)

- CMS

- Simulation Preliminary

-W—>pvf

- O —_ \} w S a » \l CD

T T I T T T T
[ === mwz=10MeV

____________________

I T T T T

_____
_____

e

|

= (0.19% variation

L. Bianchini
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Monte Carlo simulation

Resummation
Intrinsic

& 4 Fixed-order v
quark pr Xu® g
%u OO0 Wt
QED
| FSR
Sa A A
PDFs &g EWK virtual ot

corrections

L. Bianchini

see e.g. EPJIC 77 (2017) 280
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Monte Carlo simulation

Resummation

Intrinsic P - edorder V
quark pr Xw ¢ )
% ..00.. o+
QED
FSR
1 SN ~y
-------------------- ../ gl R ‘
- PDFs \g EWK Virtual N o+

S corrections

-~ yW polarization = (Pi)

L. Bianchini

see e.g. EPJIC 77 (2017) 280
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Monte Carlo simulation

""""""""""""""""""""""""""""""""""" w Y
T T Pr = DPr
o Resummation ; /
Intrinsic & 4 Fixed-order}” v
L quark pr X0 q ;
% U 0000 W
T ’ ’ QE D
---------------------- S FSR
~ 5 9
g Y ,YN“\
""""""""""""""""" O _ S
(" PDFs &g EWK virtual A
\\\"““r """""" i corre Ct | ons
y", polarization = {p7 see e.g. EPJC 77 (2017) 280
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Monte Carlo simulation

----------------------------------------------- w £
T T ~ Pr = Pr
yd Resummation ) "'
Intrinsic & 4 Fixed-order“‘{" v
L quark pr X0 g "
AN % U .0“.. w. ST
\\\\\\\ QED
________________________________________________ FSR
d ‘ e
/i g S
" BAEe ¥ a"‘ EWK virtual ‘ ﬁ\ """""""""""" - 7 = ¢ A ¢
( PDFs &g tual o ¢ = Pr — APt
S , corrections
N, W SR ( f)
y", polarization = (p7 see e.g. EPIC 77 (2017) 280
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, , See e.g.JHEP11 (2017) 003
Monte Carlo simulation

A; = angular coefficients

1%
&t

gu 0..... W+
4 s gl
S
& g ¥ r
6 4
d 0) d OyL
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Parton Density Functions

= Dominant systematics in the past

* Point of concern today: spread of different PDF

fits not always covered by their uncertainties

arXiv:2403.15085

|
ATLAS

= ATLASpdf21
- MSHT20

- CT18

-+ CT18A

-+ NNPDF3.1
-»-NNPDF4.0

(o 3 | I
V\s=7TeV, 4.6/411b ' pPFiﬁt

CTi18

| e e E—
Oppr X 3 =

|
-100

24.10.2024

Am,, [MeV]

CT18X
CT18A
CT18Z

CT18 |

MSHT20
NNPDF40
NNPDF31

L. Bianchini

Eur. Phys. J. C (2010) 69: 379-397
DOI 10.1140/epjc/s10052-010-1417-0

Regular Article - Experimental Physics

AMyw < 10 MeV/c? at the LHC: a forlorn hope?”

M.W. Krasnvh 2. E Dvdak?. F. Favette!. W. Placzek3. A. Siédmaok 3

arXiv:2408.07622
CMS 138 fb™' (2016-2018, 13 TeV)
. o :
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................... S=sr=— .. "0 Ag(no-prof)
______________________________ . .
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Parton Density Functions

= Dominant systematics in the past
* Point of concern today: spread of different PDF

fits not always covered by their uncertainties
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p7 modeling

= Conventional wisdom: tune p3' model on precisely measured p% data

( 1 do )
1 do B ow dpy’ MODEL 1 do
ow dpy - 1 do oz dpf
predicted O_—Zd—pz T/ measured
T MODEL



p7 modeling

= Conventional wisdom: tune p3' model on precisely measured p% data

i( 1 da) :

1 do i \9w dpr’ MODELEX 1 do

oy dp¥ . !

W SET /predicted | measured
|
|

= Rationale: RATIO better known than spectrum
* But: cancellation of up/ur relies on correlation scheme




p7 modeling

= Conventional wisdom: tune p¥ model on precisely measured p% data

Y A A S ————
1 (1 do :' |
1 d : oy dp¥ /1 d [
( 0) 4 2 T /MODEL;, (2 %O |
(ITdoTYT T ! Z I PLB 845 (2023) 138125
w de predicted o 0z dpy measured o
Z de MODEL 13TeV,pp - W

T
o
o
o

do/dq [pb/GeV
o
o
o

= Rationale: RATIO better known than spectrum
* But: cancellation of up/ur relies on correlation scheme

500

=)
|

my/4 < M Mps Q< m; 1/2 < uR/uF, uR/Q, uF/Q <2

NLL+NLO resummed
B NNLL+NNLO resummed

NLL+N3LO resummed
B \*LL+N*LOa resummed

—

" |deal case: a single MODEL prediction with properly
defined uncertainties

ratio to N*LLa

24.10.2024 L. Bianchini
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—— The CMS paradigm

Z only for validation

(i.e. no tuning)

State-of-the-art
calculations

Constrain model
uncertainties in situ

24.10.2024

L. Bianchini
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—— Large samples, high-granularity

Events/GeV

Events/GeV

" Large samples — high pile-up LHC data = focus on muon momentum alone

= Analysis done in finely grained 3D-space: (p; X n# x qg*) — 2880 bins
« 26 < pr < 56GeV, —2.4 <nt < 24,q* = +1

10° : : : , : , ] , , , ] , , , ] ' | ' ] ' , ‘ | , 1681 (13 TeV)
CMS Preliminary Prefit

e o, Dvved, S0 RETE Q0SS t Data B Z/y* - pp/tT
3 ." A5 Oy l‘| ||'| i -‘ll l-‘vﬁl'h | 'ﬁ |'|| Il llll || ||I| ” I"| || I>"| H |. |‘||"||‘|I i C]p = +1 O WEo UV e WE STy
6 [ o o T Sl Al I : : : : : : { ol ity B Nonprompt M Rare ]
1 ! l l'I II ! oty i
~ 64 million ™ events
2 -
? 08 - 168 fb (13 TeV)
' i ! | ' ! ' ' ! ! I ' ! ' ! ! ' ! ' ! I ' ! ! I b
CMS Preliminary A8, [;irz, u|”|-. |‘| o { Data BN Z/y* - pp/tt ]
6 | || s 4| | 1 ! | 1 | - Wt - p\) _— Wi - TV ]
' $ » V ; B Nonprompt [ Rare

» > N ' N
R - . , o £ .l " 1 ) . b 4
4 IS & % { . o g I ' ! { $ APTA -

~ 51 million U~ events

0 i L 1 L L e Ry ey e S e | S Y S—

24.10.2024 L. Bianchini 30



—— The CMS detector

CMS DETECTOR * Data from a subset (~10%) of Run2

STEEL RETURN YOKE

Total weight  : 14,000 tonnes 12,500 tonnes SILICON TRACKERS ( L —_ 1 6 8 fb -1 )
Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels — u
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T ‘ S t .
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A o 1 ha |f Of 2016 data d Isca rded d ue to a
> 7 ' - ; L] L] L]
e e Read-out problem in Si-strip tracker
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers
L]
* Average pile-up: (1) = 25

PRESHOWER
2 Silicon strips ~16m* ~137,000 channels

X 2000 T 2000
| FORWARD CALORIMETER CMS <p> =27
" Steel + Quartz fibres ~2,000 Channels 8
o
—
<1500 » {1500
a o, =380.0mb
o
>
e
%]
8 1000} {1000
CRYSTAL é
ELECTROMAGNETIC S
CALORIMETER (ECAL) -
~76,000 scintillating PbWO, crystals 8
T 500 {500
@]
|9
()
HADRON CALORIMETER (HCAL) o«
Brass + Plastic scintillator ~7,000 channels
0 . ! 0
N 10 O @ N ,\QQ

Mean number of interactions per crossing

24.10.2024 L. Bianchini 31



The CMS tracker

\ \ NN N VY / /
2 -1.0 -08 -06 -04 -0.2 00 0.2 04 06 038 1.0 1.4
g 110
= 100 ’ 1.8/
90
8o} 207
70 22/
sof Lt I e *
50 | — _—_—_—_—_— 24
a0k .26 | | | |:—_—_—_—_—_—_: | 267
sl 28 TEC| II BN N et I IIIIIITEC+ 20~
||| III:—_—_—_—_—_—_:III T
20 L e L X -
or pxec ¢ b
1 " " 1 - 1 1 " 1
0 -300 -200 -100 6 100 200 ?00)
Z(cm

= Fully silicon-based

* Up to 17 points per track (9 = 50 um resolutions)

= Up to 2 radiation lengths

27.11.24

L. Bianchini

CMS simulation

JINST 9 (2014) P10009

o B I I l B I L I LI I LI I LI I LI L
é 2.5-[_]support Tube [l TOB
- [ ]TEC

B Pixel

118 and TiD [ Beam Pipe -
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Muons iIn CMS

= Two-stage reconstruction
* Muon detector — trigger and ID
* Tracker - momentum at vtx

24.10.2024

L. Bianchini

CMS Experiment at the LH C, CERN

‘ Data recorded
E Run / Event

LS: 283307 / 557119493 / 306

: 2016-Oct-16 01:43:09.638976 GM
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CMS Experiment at the LHC, CERN
[} Data recorded: 2016-Oct-16 01:43:09.638976 GMT
IVl ' | O n S I n ( IVI E ‘ Run / Event / LS: 283307 / 557119493 / 306

= Two-stage reconstruction
* Muon detector — trigger and ID
* Tracker - momentum at vtx

= Detector efficiency calibrated on Z — uu

CMS Prellm/nary 16 8 fb! (13 TeV) CMS Prellm/nary 16 8 fb! (13 TeV)
— TTT[TTT — TTTT[TTT
. R S 1 RN A BRI A R S [TTTTTpTrrrroeTy AN
- Reconstructlon 1.7<n"<1.8 ] - ID + impact parameter 0.3 <n"<0. 4
e U taint ted th h 5 3 1
ncer aln Ies propaga e roug © [ —}— Nominal —— Model +unc. »2/ndf=30/6 ] o 10021 +Nmm| —— Model +unc. %2/ndf=116/117]
. T 099l . g - ]
0 3 0 O O n u I S a n Ce a r‘a m ete rS 8 0.99 »% Alternate Alt. model »2/ndf=6.9/6 ] 8 E‘%H Alternate Alt. model »2/ndf=11.3/11 |
) > T T 7 > 1] B
[5) o 1o A (8] L 4
L | |
5 0.98[ b 8 3 [ o i
= [ o— - b $£0.998 -
3] ‘ 1 ] 3] | Q
L 4 L —— i
% 0.97 % =d N
~ [ ~0.996 —= \
S s 1
© A © L i
0O 0.96H o I 1
I 1 0.994 |- ‘ L
9 :l 111 | 1111 | 1111 | 111l | I | I | 111 | 111 \: -l 111 | 1111 | 1111 | I | I | | | 111 | 111 \—
Impact on mW ~3 Mev b“g 102 I \|||III||\\I||IIII|IIII|IIII| III|IIII %1 002 | JllllIII|\\\I|IIII|IIII|IIII| IIIIlllll
= 1.01 = | 4+ 4 +
S —4= I e g 1Lb/pgibf—+* =
o] M @©0.998 S
m 0.99 T T I L1y I |- I IIIIIIII m Il | | | | | | 111 I L1111
25 30 35 40 45 50 55 60 65 25 30 35 40 45 50 55 60 65

Positive muon P; (GeV) Positive muon P; (GeV)
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—— Magnetic field

JINST 5:T03021,2010
Symmetry 14 (2022) 169

= B-field inside tracker mapped in 2006 8l [T Y e / /
1. atthe surface, e
2. with empty coil I |
3. with Hall probes calibrated to 3x10~% =L e
4 A?B = —8x10~* between map and in [
situ NMR survey | -
AT
A priori knowledge of B-field
not better than 1073
14.03.2024 L. Bianchini 35



— I\/Iagnetic field JINST 5:T03021,2010

Symmetry 14 (2022) 169

» B-field inside tracker mapped in 2006 B CON / /
1. atthe surface, l ) [
2. with empty coil i
3. with Hall probes calibrated to 3x10~% _]]; L. g
4. A?B = —8x10~* between map and in & [
situ NMR survey I _ | N

A priori knowledge of B-field
not better than 1073 .. in excess of the 10™% target

=» need for in situ calibration

14.03.2024 L. Bianchini 36



Muon momentum scale

= Observation: up to 1% bias in scale in ideal simulation (not expected/understood)

x10~4 (13 TeV)
reco ettt
Pr —1 s CMS .
p gen | Simulation Preliminary :
60| f 4 | |
- ++ # 4 Kalman filter -

[ t _23<nP¢-22
a0} it ; .

‘ i
i t } |
20 ¥ +++H * —
i - et JfH |
- * + + .
ol _
- -+ Simulated muon data 1
“20I" == Calibration model |
| P TR S

L I Il L L L L L 1 L | L L L L l Il L 1 I L

150 100 -50 0 50 100 150
U

qpr (GeV)



Muon momentum scale

1. Fixes to standard CMS reconstruction
v" Tuning of parameters in GEANT4 simulation
v Track re-fit with improved treatment of B-field and materlal




Muon momentum scale

1. Fixes to standard CMS reconstruction
v" Tuning of parameters in GEANT4 simulation 4
v Track re-fit with improved treatment of B-field and material

16.8 o' (13 TeV)

%6003_ Ermgmary (Nﬁ T \I;[g:::gtgund_f
§5OOE_ ; Dat
"”400} ."'+ *
2. Calibrationon]/% — uu (An’;';'//;” ~1079) ol b
v' Global alighment of tracker (+ B-field + material) z00f yf *'«.\
v Fit residual scale bias with parametric model: mOWWw/ N
corr SasE LT TN T
Pr . gin 2 of it MHM ++*+" il M"\ \l l “ I
( ) =1 H A = 2 Mupr 0 b 1
pT pT 295 300 305 310 315 320 325

- my, (GeV)



Parametrized scale corrections

Consistent with a priori expectation

for B-field and material

14.03.2024

L. Bianchini

£ (MeV)

M (GeV-1)

50[

-50

x10-3 16.8 fb~' (13 TeV)
1 T I 1 T I 1 T T 1 I T T T T l T T T T I T

- CMS Preliiminary ]

B +++*H‘*"f‘ﬂmﬂ’”’0"""0"4¢0*“+++++ |

}+ B-field .

[ L L | | *
L B B L

Energy loss

1], t N
}Hﬂjr +++++++f"+*+”‘++“++*++++++++++++++

:

10—

40

Lo
X1'0_|6 L I A B A T
- Alignment +++++ h
e T
# +++ 4»M R o ]
++ o0
-y L
-2 1 0 1 2
r’H



Validation: Z-closure

" ] /W-based calibrations are applied to all reconstructed muons

* Residual Am, M are derived using Z — uu =» should be = 0 for perfect calibration

6_

x1074
——

| CMS Preliminary

AI

— +++ |

16.8 b (13 TeV)
—_——

+  x%ndf=24.2/24

].

\Oﬁﬁﬁf ' ﬂ&ﬂﬁ E

-2
! + Zopp
-4 + Youpupu 7
[ + - pu ]
-6 Calibration uncertainty (scaled) 7
- Calibration uncertainty
gl 1
-2 -1 0 1 2

24.10.2024

«10-6 16.8 fb~' (13 TeV)
—~ LA L A R A LI L
! - .. 2/ndf=51.1/24
= a0l CMS Preliminary + X 1
Ol
o | /
(0] |+
g M,
o 20_ ln _
S 200 + + ]
g JF ++ + T
G 0_ T "+||%:*:|Jhl=+=l|‘+ %Jf'
| | | + T T ' T I :*:T
-201 + Z-py ]
+ Yoy
+ I py
_40k Calibration uncertainty (scaled) |
Calibration uncertainty
ol
-2 -1 0 1 2
n
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Validati

on: Z-closure

" ] /W-based calibrations are applied to all reconstructed muons

e Residual

\Oﬁﬁﬁf ' ﬂ&ﬂﬁ .

Ay, My

x1074 16.8 fo~' (13 TeV)
T T T T T ]
| CMS Preliminary + x%ndf=24.2/24 |

Ain A
;ﬁﬂ :

].

ﬁ%

-2
! + Zopp
-4 + Youpupu 7
[ + - pu ]
-6 Calibration uncertainty (scaled) 7
- Calibration uncertainty
gl 1
-2 -1 0 1 2

24.10.2024

n
(2.1 = smallest scale-factor such that reduced y? =

curvarture bias (GeV~")

N
o

N
(=}

o

-20

X1‘0_‘6‘ _

| CMS Preliminary

16.8 fb~' (13 TeV)
T L B B
+  x?ndf=51.1/24

oo

ﬁ + H
_#T F+ii%$'+'++}ﬁh + % |
T+ i
B + Z-pp i
+ Y-y
+ I py

Calibration uncertainty (scaled)

Calibration uncertainty
cl

-2 -1 0 1 2

L. Bianchini

are derived using Z — uu =» should be = 0 for perfect calibration

2.1 X Ogat
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Uncertainties & closure test

= Uncertainties on momentum scale:
* (2.1 X) 04yt from J /¥

* Ogat fromZ — closure  —

. AmbFP

Impact on my,
- 4.8 MeV

24.10.2024 L. Bianchini 43



Events/GeV

Data/Pred.

1.2

1.0}

0.6}

0.8}

Uncertainties & closure test

PDG

Impact on my,
- 4.8 MeV

106 16.8 fb~' (13 TeV) -
CM.SI_ I+ Datal = Uncertainties on momentuln scale:
— Preliminary : é/t\:]erﬁ pu/TT * (2.1 X) Oyt from J/¥
b . ® Ogat fromZ — closure  —
= 15/24 (p = 92%) E o Am%EP

= Validation by fitting (m““, n“_de) spectrum:

—2.2 + 1.0 (stat) + 4.7 (syst) MeV

1.01 ‘%I mzi4.8MeV} Pred. unc. | _ myz — My = —2.2 i 4.8 MeV
o TR - 11 £ l L =
100 o Hi A ;14[
A RN NN N NN N AN T ST T SN N SN N ST AT ST S MY SN S N
60 0 80 9 10 11 12 .
! ° e (GeV) (not yet an independent measurement of m;)
24.10.2024 L. Bianchini
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EPJ+ 136 (2021) 214 F. Tackman's slides
. W and Z modeling: p¥ JHEP07(2022)129  G. Marinelli's slides

arXiv:2411.16004

= Resummation (- SCETLisB @N3LL) | oo 108 1o (13 TeV)
>|||*_)|
* “Theory Nuisance Parameters” approach S 1.25) gMS | N -
. . 5 - Simulation Preliminary ]
based on TMD-factorization theorem £ 1.00f
@ 0.75}

7N = o+ ah + @+ (0) 40 (af)  om)

0.25

0.00

- 7 params. for boundary conditions

LN LI L B N I R B rrt+rr T 11 1 rrr 77

. . 8 106 qg_ BF --- qgS BIF Hard func. Yu B
3 params. for anomalous dimensions a [ - advEF Q@VBF ¥ — T |
R 1.04-_--- qgAS BF — Soft func. B
5 |
O 1021 ]

 Uncertainties from variation of last known
term (— N3*OLL scheme)
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https://indico.cern.ch/event/1360294/contributions/6130093/attachments/2941624/5168392/marinelli_qcdlhc.pdf
https://indico.fis.ucm.es/event/20/contributions/529/attachments/342/600/2024-04_16_SCET_TNPs.pdf
https://arxiv.org/abs/2411.16004

W and Z modeling: py-

= Non-perturbative (- SCETLB)

* AQCD/p¥ power correctio
* ~|y|-dependent Gaussian

= Matching to F.O. (- DYTurso @NNLO)
* Variations up/ur scale and transition-point

= b/c quark-masses (— MSHT20)

e variation of heavy quark thresholds

24.10.2024

>
(O]
O
ns to the C.S. kernel 3
c
smearing in by :
°
()
T
S
©
()

EPJ+ 136 (2021) 214 F. Tackman's slides

JHEP07(2022)129

G. Marinelli's slides

arXiv:2411.16004

Impact on my, 2 ~2 MeV

L. Bianchini

x105 16.8 fb~' (13 TeV)
L T T T T ]
~ CMS ¢ Data - Z/y* > pp/tt

Preliminary MiINNLOps  EEE Other i

HL L :
:_LL\_-——'-;:-'.“%. 1
= '._‘151_—_47 _____________ 1
L ,—[—T e _
:_,. o i 1
- Fixed-order+matching CS-Nonpert.
i ‘ Resum. TNP Nonpert.
'-\ L ! L I L L L L | L il 1 il l L L 1 L | L L L L | L
0 10 20 30 40 50
HH
pr (GeV)
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https://indico.cern.ch/event/1360294/contributions/6130093/attachments/2941624/5168392/marinelli_qcdlhc.pdf
https://indico.fis.ucm.es/event/20/contributions/529/attachments/342/600/2024-04_16_SCET_TNPs.pdf
https://arxiv.org/abs/2411.16004

W and Z modeling: A;

6x106 (13TeV)
o o A AL L T T
= Angular coefficients (— MINNLO,. @NLO) 3 | CMS  Preii - Wy
. .. : > - Preliminary 9" =1 mm Nonprompt
* Envelope of 7-point scale variations in 2 4t 2y s i
bins of p'II{ Lq>|j 3:_ W = TV ]
. 5 Bl Rare
 Full difference 2}
MINNLO,s vs. MINNLO + PYTHIA 1
(due to PYTHIA parton shower/intrinsic k) 151'008’—’ ——
o [ —— Pythia shower kr Up
8-1.002;—— As Up
E .
Impact on myy 2 ~3.3 MeV g 1.001
1.000}
o.999f— —
-
30 35 40 45 50 55
pr (GeV)
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PDFs

REMINDER: large in situ constraint of PDFs
expected thanks to eigenvectors profiling

= \We chose CT18Z as nominal PDF set because:

e good pre-fit agreement on yZ, nf with
relatively large uncertainty
* it covers alternate PDF sets, i.e.

ImyFPF — miP™ PPF| < 6 om DR

Impact on my, 2 ~4.4 MeV

24.10.2024 L. Bianchini

- A
) - CMS { Data ]
g 6 Preliminary BN Z/y* > pp/tt EE Other
() i
>

L

N _-H H - - 6-P -
© 110 0 PDF4LHC21 1
5 | ~—— MSHT20 --- CT18
21.05F —~ NNPDF4.0 I CT18Z 10 |
o b e
T i i
o 1.00_* PR BT P SO

x10° 16.8 fb~! (13 TeV)
o L

PDF set Scale factor Original gopy _ Scaled gpng |
C1182 o . S
CT18 - 4.6

PDF4LHC21 — 4.1

MSHT?20 1.5 4.3 51l
MSHT?20aN3LO 1.5 4.2 4.9
NNPDEF3.1 3.0 330 5.3
NINTPTOYEA N RN 271 AN




EWK uncertainties

* FSR (— PHoTOS++ @LL+MEC)

* uncertainty from switching on/off the MEC
and from full difference with HORACE

= ISR (- PyTHIAS @LL)

* uncertainty from switching on/off

= Virtual EWK (- not included in nominal MC)

* External calculations from:

e RENESANCE (for W)
e POWHEG-BOX-V2 (for Z)

* NLO/LO ratio taken as a systematic

Impact on my; =2 1.9 MeV

14.03.2024

L. Bianchini

G — 18Ty
8 15 CMS e Z/y* > py/tt ]
> [ Simulation Preliminary B Other ]
T " Prefit
S 1.0f .
>
L
0.5 ]
0.0 ' S
-c' -t T
© 1.03f === mgz+25MeV E
o ISR off — FSR MEC off :
< 1.021 — FSRhorace = — EW virtual E
S 101} —_ .
— o ] e
R = ._'_'_,_Ii_
1.00fmt == ] —
0.99f _l_H_\_L‘:j—T‘ E
- | L 1 I 1 | L 1 I | 1 1 1 I 1 ‘JJI L I 1 1 1 1 I | | | | —
60 70 80 90 100 110 120
my, (GeV)
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—— Model validation: (p%", y**) spectrum

3<105

16.8 fb~' (13 TeV)
T T T ]

Events/GeV
»
|

- CMS

Tl

[ Preliminary--- MiNNLOps
5

T T T T T I T
¢+ Data

BN Z/y* - pp/tt _
Bl Other

Data/Pred.

CS-Nonpert. _

~ Fixed-order+matching N
Resum. TNP ~ Nonpert.
L 1 | L | L L I L L L L I L L L il I L L L L I I_
10 20 30 40 50
Hy
pt (GeV)

fit

§ x10° 16.8 fb~' (13 TeV)
> S L S B LN R
8 - CMS Pgstflt t Data
~ 5—_ H H X t‘/ndf - Z * _
@ - Preliminary *sg" 0 (0= 16%) /Y* = pp/tt
& B Other
>
L

1 T I T
Pred. unc.

—

o

o

()]
[

Data/Pred.
5
8

———

~01% B R —

24.10.2024
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Model validation: W -like

" Proof-of-principle: mimic a (p’;, n*, q")-only fit using Z - uu
events in a W-like setup:



—— Model validation: W -like

7
* Proof-of-principle: mimic a (p‘T‘, n*, q")-only fit using Z - uu
events in a W-like setup:
- <104 : ‘ 16.8 fb~! (13TeV)
(;g 6 CMS Preliminary } Data b
+ - % ) B Z/iy* > up/tt EE Other |
K" in even- :

numbered :> T 4

0 ~~4m11110n +events
eve ntS &, 11 Pred unc M
(P} , n*) bin

24.10.2024 L. Bianchini
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—— Model validation: W -like

» Proof-of-principle: mimic a (p’T‘, n*, q")-only fit using Z - uu
events in a W-like setup:

16.8 fb~! (13 TeV)
T

T
6 CMS Preliminary Prefit

q¥ = +1

Events/GeV

1" in even-

numbered "~ 4 million utevents

T
+ Data
mm Z/y* -/t

Bl Other |

events

Pred. unc.
+

A

1400

‘ 1600
(ot . n¥) bin
16.8 fb~! (13 TeV)
T

T
{ Data
mm Z/y* -/t

mm Other |

24.10.2024 L. Bianchini
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— W -like: results

x 16.8 fb~! (13 TeV . .
. e 8 ) = Total uncertainty on m; is 13.5 MeV
8 6—_ CMS PgStflt + Data B
S Preliminary X 7y o ppitt * Muon scale (5.6), A; (4.9), muon eff. (3.8)
2 i =17/33 (p = 99%)
% 5:— Bl Other -
I CMS Preliminary
I | | l | | | | | | | | I I I
! == Myyp flt
: == Nominal W-like my fit
| = W-like mz fit (even < odd)
— —ei~ —:= PDG average —
I
5 I U L D — .: -
o) L === mz+14MeV Pred. unc.
n:_ 1.005f ; } # | | . !
© P __ 0..a.----—-.,— 2.3 T oo — ] [ I T ® ]
© 1'0002 | i + "'-I—--f--- -0--~=-T-——‘.--.."'f |
= 005! \ + ; | | |
0.995__|||||||||| L L L M 25I ) . IOI J | |25| ! ! |50| 75
30 35 40 45 50 55 60 -
pf (GeV) mz — m5P% (MeV)
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0(5,000) nuisance parameters

—— Moving tothe W with Gaussian constraints

105 16.8 fb~" (13 TeV)

> T T T T T T T ‘ T T T
& t Data B Z/y* - pp/tr A
g m Ws-puv mWEos Ty
L?>j B Nonprompt Hl Rare p
0
- 11| ]
o Pred. unc.
a
S
8
L L L L L L L L L L L L L L | L L L L L L
0 200 400 600 800 1000 1200 1400
(Pt . n¥) bin
<105 16.8 fb~1 (13 TeV)
> ! i ! ' ! ! ' ' ! ! ! ' ’ ! ' ' ! ' [ ! ’ ' 1 :
S s Postfit t Data B Z/y* o pp/tt
@ X2, /ndf=2694.8/2879 (0=99%) mm W: m e WS Ty
c ]
v L% 6 B Nonprompt Il Rare

Post-fit ,

0
5 : : : : : : : : : : : : : :
@ 1.0251 Pred. unc.
e " Koo ’ ) ¥ T RS
 1.000 ’ R KRN
© + ¢
0 0.975F I I ! ! 1
0 200 400 600 800 1400
(PT . n¥) bin
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Non-prompt background

relative 4 } :
isolation | :
A« A C
* Mostly muons from B /C hadron decay 0.15 ----- s
. - 1 : D = signal region
= Extended “ABCD” method based on isolation : my sl Tl =
e Validated on MC simulation and data sidebands 20 40| | mr[GeV]
qopl0 ____ 168fo! (13TeV) e 16.8107" (13 TeV) D=cC AxBZ
Prefit ata [} Postfit ata ] — °
(335 g-lev/!',%inary ; II\Dlonprompt; % 35 Fc’rylliginary ; 3onprompt; AxAz
‘qc'; 3.0 B Prompt ] ‘5 3.0 EE Prompt E

Functional form of pt spectrum:

fit —(a;pt+bipi+c;

| | fl(pT) X e (aipr+bipr+cipr)
g 12T T T T < 1.05F =
o) I Pred. unc. ] o} - Pred. unc. * .
%10;. ooooooooooo +¢¢¢ $ _ %100:_+++++ +++ + +*** \ i}
= B ' L by | - :+ 1 + * H
o ki, = ool H | :

R E RS —T o E R I R S R ImpaCt on mW 9 ~3 MeV

p¥ (GeV) pt (GeV)
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—— Unblinding the W fit

Y 16817 (13 TeV) " Total uncertainty on my,, is 9.9 MeV
G 7L CMS  Fostft t Data E  my, kept blinded until all check completed
5 - Preliminary, W oy ]
g 6 W Nonprompt - . .
o sl 7/ S ppitt ] Source of uncertainty Nominal
W= tv inmy inmy
* W Rare Muon momentum scale 5.6 4.8
3 Muon reco. efficiency 3.8 3.0
2 W and Z angular coeffs. 4.9 3.3
1 Higher-order EW 2.2 2.0
0 py modeling 1.7 2.0
5 T AERRRERRERE PDF 2.4 4.4
L1002~ MuSoMeY Pred. unc. + | Nonprompt background - 3.2
 1.000 |1 Integrated luminosity 0.3 0.1
A 0.998f MC sample size 2.5 1.5
: Data sample size 6.9 2.4
Total uncertainty 13.5 9.9
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Results

CMS Preliminary
| | | |: | |
my in MeV I
LEP combination | 80376 + 33 1 B}
Phys. Rep. 532 (2013) 119 !
DO | 80375 + 23 . _
PRL 108 (2012) 151804 1
CDF | 804335 + 9.4 | ——
Science 376 (2022) 6589 !
LHCDb | 80354 + 32 | | : —
JHEP 01 (2022) 036 !
ATLAS | 80366.5 + 15.9 e |
arxiv:2403.15085, subm. to EPJC |
~\s .1 CMS | 80360.2 + 9.9 1 - .
A | . I | . |

80300 80350 80400 80450

mw (MeV)
mMS = 80360.2 + 9.9 MeV "
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Test of model dependence

" Impact of loosening model-dependence by
assigning additional priors on helicity cross

sections 0; = oy XA4;

= Stability of best-fit my;, tested for increasingly
looser priors

— no evidence of tension or trends

AUS X 1 ’Acothers X 2 l i.
AOS . 1 ’Acothers X 5 '—:L_'

AOS x 2’A00thers x 1 i.
AOS X 2’A00thers X 2 ’_L._‘:

AOS X 2’A00thers X 5 '—r.__'
1 i

CMS Preliminary (13 TeV)
Main result | |—l—| l
T T W — : ..............................................
Ag, x0.5,A5,,.. %2 | ' —
Py x 0580y, x5 ot
Helicity Fit [T N—

80260 80310 80360

80410 80460
my (MeV)



16.8 fb~' (13 TeV)

Test of model dependence

—2.4<nﬂ<—2.2—' [ — — .
Socmifel CMS T T
—1:8<nﬂ<—1:6—Preliminary ——— s
CMS Preliminary ~ 16.8 o' (13 TeV) el By |
| 3[ 1 | | | N -1-2<’7ﬂ <-1.0F — Measurement __’._: ]
= N**'LL+NNLO : :(1)g§gu::82: Calib. unc. —_i:.—— -
N4+OLL+NNLO —— :g-gzgﬂzzg-g: —  Stat. unc. W ]
& i ~0.2<n" < 0.0 ———t -
= pT rwgt. i 0.022520.2— ; .

~{ Combined p¥ fit ! 0 <M sosk .l i
: I 0.6<n"<0.8| —, ]
—= Nominal 0V mod. - 08<nH<1.0- | [E——
T —— 10 <12 —
: 1.2<n"< 1.4 — ]
! 1.g<nﬂ<1.g— — — 7
- 180V <20l x¥ndf=16728  — de— — -
i EPYIY ¥ R —— ——
| [ | g | 0 ' i 1 |

80280 80310 80340 80370 nclusive ST S —
my (MeV) Amy (MeV)
— Different p¥¥ uncertainty models — Different detector regions
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16.8 11 (13 TeV)
] |

*,

Charge asymmetry

24t <-22[
iRk —— :
“Tech<Zy6F CMS SS—— ]
21232554221233 B ]
"my,+ —my- = 57 £ 30 MeV (p-value = 6%) BiL — .
. . —026<n”ﬁ<:014: — . .
* Correlation with avg. mass ~0.02 g8 3ok T .
02 << 0l —— ]
Global impact (MeV) ogsh SORE M t —— .
Source of uncertainty P . P L3N . ?;Sjgﬂ: 9r c;?;“;i:en e T/ ]
g+ —My— NNy inMy+ —My-  inmy 12 iat — .
Muon momentum scale 21D 5.3 QO_(D 4.4 1%;35:; 18- — Stat.unc. — .
Muon reco. efficiency 6.5 3.0 5.8 23 2.9 < gﬂ < 22 o D ———— ]
W and Z angular coeffs. 159 4.5 @ 3.0 :gi‘z"gflpi ¢ ~22[ 1 - ]
Higher-order EW 0.2 22 T. 1.9 :?:825,552:1;2: —r— §
pY modeling 0.4 1.0 2.7 0.8 B b — :
PDF 0.7 1.9 4.2 2.8 :i;ézgt;zzé;gi T :
Nonprompt background - - 4.8 1.7 :812 ¢ Zﬁj ¢ :82421 - e —e—— 5
Integrated luminosity < 0.1 0.2 0.1 0.1 _-'8.(2; gnsfg 0g- — . .
MC sample size 6.4 3.6 8.4 3.8 02 §51 <gar e .
Data sample size 18.1 10.1 134 6.0 g8 sm- <980 i ey §
Total uncertainty 325 135 30.3 9.9 19¢ %E* <1ar gz/zféf; 46.8/47 — ]
TN - = o ——— -
s —
: : : : ’ 204Nk <22 ———— .
= Likely, a combination of alignment/theory NP’s 220 <241 | ————

. | \ | \ |

consistently pulled by ~1o 300 oo e

* no significant shift in avg. my, even for generous shifts of pre-fit NP
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Comparison with ATLAS

arXiv:2403.15085

Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e u wp Lumi I'y PS

pt 162 (111 118 [(49)35 17 (56 )59 54 09 11 01 15
Impact (MeV)
Source of uncertainty Nominal Global
inm,; Inmy Inm; Inmy
Muon momentum scale 5.6 4.8 5.3 4.4
Muon reco. efficiency 3.8 3.0 3.0 23
W and Z angular coeffs. 4.9 3.3 4.5 0
py ) - Higher-order EW 22 2.0 22

For gIObaI Impacts p}'gmodeling 1.7 2.0 1.0

see arXiv:2307.04007 PDF 24 44 19
Nonprompt background - 3.2 - .
Integrated luminosity 0.3 0.1 0.2 0.1
MC sample size 2.5 1.5 3.6 3.8
Data sample size 6.9 24 10.1 6.0
Total uncertainty 13.5 9o 13.5 2.9

CMS-PAS-SMP-23-002
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The EWK fit and direct CMS (m¢, my, )

CMS Preliminary
— =
> 190 [— 68% and 95% confidence level by G fit
D | [0 CMS, CMS-PAS-SMP-23-002
(@) [I°T] CMS, Eur. Phys. J. C 83 (2023) 963
N

[ 68%, 95%, 99% credibility regions

E"" — [III deBlasetal.,
Phys. Rev. Lett. 129 (2022) 27

180:— //7

\

170 —
u 74
160 1— | | | | I | | | 1 | I | 1 | |
80.25 80.3 80.35 80.4 80.45
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Conclusions

LEP combination
Phys. Rep. 532 (2013) 119

DO
PRL 108 (2012) 151804

CDF
Science 376 (2022) 6589

LHCb
JHEP 01 (2022) 036

ATLAS
arxiv:2403.15085, subm. to EPJC

CMS

This Work

CMS Preliminary

AT
| 80376 + 33 —_— i
| 80375 + 23 'E_°_| |
| 804335+ 9.4 : ——
| 80354 +32 | IL i
| 80366.5 + 15.9 pi_._| i
[ 80360.2 + 9.9 |JI_._| - EWfit
80300 80350 80400 80450
mw (MeV)

" First measurement of my,, by CMS
* Most precise measurement at the LHC
* Approaching the precision of CDF

" Good agreement with the SM
prediction and with the PDG average

" The first in a line of new precision EWK
measurements by CMS



Thanks for your attention



—— Backup
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~500 MeV

~10 MeV

Nature Reviews Physics 6 (2024) 180

78800

SM
UaZ (1892) BOIED + 370 .
CDF 0 (1991) o 70028 &+ 300
ALEPH (2007} Boamr + 50 B
DELPHI (2001) BO200 : &7 -_—
L3 (2001) BD389 + 70 —_—
OPAL (2001) BDA + 65 —_——
LEP avg. (20032) 80,450 40 B —
D 1 (2002) BDAB2 + Ba —_—r—
COF 1{2007) BDA32 + 79 -_—
Ten. avg. (2004) 80,456 59 . —
Tew. + LEP avg. (2002) 80,452 3 —
ALEFH (2003) g0385 :+ 58 ——
DELPHI (2003} 80402 + 75 _—
L3 (2003) BD3ET + 7B —_—
OPAL (2003) BDA9s + 67 —_——
LEP avg. (2004) 80,412 42 B —
Tev. + LEP avg. (2004) 80,426 34 ——
ALEFH (2008) BO440 + B B —
DELPHI (2008) BD336 * 67 —_—
L3 (2008) BO270 + 55 . —
OPAL (2008) g0415 + 52 ——
LEP avg. (20M3) 80,376 33 —_——
D& Il (2009) BDAD2 + a3 —_—r
D& 1 {2012) BD3ED + 2B —r—
D& 1l avg. BOI7E + 23 —T—
CDF I (2007) BOM2 + 4B ——
COF (2.2 fo) BDAM £ 19 -
CDF I (2022) B0,A32 + 04 ==
ATLAS (2018} BOITO + 19 ——
LHCb {(2022) BD354 1+ 32 —r
Tew. avg. (2022) BDAZ7 + 9 -
Tew. + LEP avg. (2022) BO424 + 9 -
T\Zliéﬂ':l EUJIZEE SD.IZEE ED.AI‘-EID
W boson mass (MeV by per c¥)
L. Bianchini
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The CMS tracker

JINST 9 (2014) P10009
\\\\\\\II////// CMS simulation

-10 -08 -06 -04 -02 00 02 04 06 0.8 1.0 2 16/ ’-o\ IIIIIIIIIIIIII!II[IIIIII!IIII[IIII]IIII‘IIIIIIIIl

§110 o | > B ‘ : o U, P =1 GeV 1
Bt H!H 1] a0 S

90 Q_ ] u p —_

70 _ H - ‘ ; : Hoa

] N e e P = = I T I N N AR SO S N Oy |

iﬁi = iy |||| n |||::—::—:::‘::‘;_‘; i || L e 8 102'!_ -

0 30 T === === T T s0- 5 L

20 L e L X - o)

10 PIXEL;:HTHE 8

" 300 -200 -100 0 100 200 z:(aggn ) E

" Fully silicon-based

* Up to 17 points per track (9 = 50 um resolutions)

= Up to 2 radiation lengths IR T O PO T O OO P T T

« ph resolution from multiple scattering: 1 + 3% 25-2-15-1-050 05 115 2 12]'5
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Muon momentum scale: workflow

16.8 b~ (13 TeV)

. . . . % 1 T T T _ """""""
Tuning of parameters in CMS simulation. R L A yﬁ A
e iy - : : 508 - t Da
Track re-fit with improved B-field/material I ook ‘,+ ﬁ,,
treatment in track propagation. a00]- fﬁ *tl
: 1
200[ |

Module-level correction of alignment, B-field, and : |

material by minimizing | /¥ — uu track residuals. mo_..,.,,.,.,,..,..,.ﬂ.,«/m _—
- Scale in ideal MC is now unity within a few 107> ‘ M
—=> Residual mis-modeling can be parametrized as: Il

295 300 305 310 3815 320 325
My (GeV)

o wm o

Data/Model
o — —

519'1") gin
_ = A, —— i M.
( D in Dy u]pT

. (A, €iy, M) from likelihood fits to J /% mass binned in (p7,n", p7,17)



Muon momentum scale
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Muon momentum scale

4.

0(10,000)
Mass spectra

Events/GeV

Removal of residual data/MC scale bias using ] /¥ events in a fine-
grained 4D space (p+,nt,p7,n7)
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= Fit a scale shift X in each 4D bin

= Finally, do a y* fit of (An' n) M”l)
from all bins
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— |Impact on myy,

Source of uncertainty SEiEanee - ENcerauny
parameters in my (MeV)
J/¢ calibration stat. (scaled x2.1) 144 3.7
Z closure stat. 48 1.0
Z closure (LEP measurement) 1 1.7
Resolution stat. (scaled x10) 72 14
Pixel multiplicity 49 0.7
Total 314 4.8
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PDF

" Fitting simultaneously eta_mu and yZ

PDF set Nominal fit Without PDF+4a, unc.  Without theory unc.
x2/ndf  p-val. (%) x%*/ndf p-val. (%) x*/ndf  p-val. (%)
CT18Z 100.7/116 84 125.3/116 26 103.8/116 78
CT18 100.7/116 84 153.2/116 1.0 105.7/116 74
PDF4LHC21 97.7/116 89 105.5/116 75 104.1/116 78
MSHT20 97.0/116 90 107.4/116 70 98.8/116 87
MSHT20aN3LO 99.0/116 87 122.8/116 31 101.9/116 82
NNPDEF3.1 99.1/116 87 105.5/116 75 115.0/116 51
NNPDF4.0 99.7/116 86 104.3/116 77 116.7/116 46

14.03.2024 L. Bianchini



Further checks

Configuration my, — my, (MeV)  Amy (MeV)
nominal 57 £ 30 0
Alignment ~1 sigma up 38 + 30 < 0.1
LHE A, as nominal 48 4+ 30 -0.5
A3z one sigma down 49 + 30 0.4
Alignment and A, shifted as above 21 + 30 0.1
Alignment ~ 3 sigma up —5 4+ 30 0.6
Configuration Amyy in MeV Auxiliary parameter

26 < pr <52GeV  -0.75 + 10.03
30 < pr <56Gev  -1.11 + 11.05
30 < pr <52GeV  -215 % 11.17
W floating -047 + 9.98
Alt. veto efficiency 0.05 = 9.88
Hybrid smoothing -1.58 &= 9.88
Charge difference = 034+ 9.89
1 sign difference -0.01 £ 9.88
|7|range difference -0.61 = 9.90

pw = 0.979 1+ 0.026

m3f — 56.96 + 30.30 MeV
mAift: = 5.8 + 12.4MeV
myt = 15.3 £ 14.7MeV

14.03.2024 L. Bianchini
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Fit model

" my, extracted from binned maximum-likelihood fit
» Systematic uncertainties = nuisance parameters (NP)

with Gaussian constraints

= RDataFrame — multi-dimensional Boost Histogram’s
* Nominal X systematic variations

= Likelihood calculation and minimization based on

Tensorflow library

ROOT -

Data Analysis Framework

il

Boos’r-_!—-»m\

istogram

)l

D. Walter's slides

N

Systematic uncertainties

W-like my;  my

Muon efficiency

Muon eff. veto

Muon eff. syst.

Muon eff. stat.
Nonprompt background
Prompt background
Muon momentum scale
L1 prefire
Luminosity

3127 3658
- 531
343
2784
- 387

PDF (CT18Z)

Angular coefficients
W MINNLOgpg ug, pg
Z MINNLOpg yg, pig
PYTHIA shower kt

py modeling
Nonperturbative
Perturbative

Theory nuisance parameters

¢, b quark mass
Higher-order EW
Z width
Z mass
W width
W mass
sin? 6y

Total

3750 4859
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https://indico.fis.ucm.es/event/20/contributions/529/attachments/342/600/2024-04_16_SCET_TNPs.pdf

W-like: p% modeling

8 — q7—1
f unfold = Ureco|gen f reco

14.03.2024
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16.8 b (13 TeV

~

Charge asymmetry
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p value = 6% 9§§?0E?<§3§: e :
02 <k <0al- ——— .
: Global impact (MeV) 0.4<nh <0.61 ——g -

Source of uncertainty : : ) : 0.6<n" <0.8 _ pMeasurement —
inmy+ —my- inmy inmy+ —my- inmy (1)8225 < 18: _ N .
Muon momentum scale 212 5:3 Qg'g.Q 44 12<nk<14r Calib. unc. — 0 .
Muon reco. efficiency 6.5 3.0 : 233 1:62775i 18 — Statunc — -
W and Z angular coeffs. 13.9 4.5 @ 3.0 28<m- <590 —— m— N
Higher-order EW 0.2 2.2 . L2 _2_24'2< ﬁ,gjl! i%_’g:_ - - I L !
pY modeling 0.4 1.0 piz 0.8 TPy ey B N ——— :
PDF 0.7 1.9 42 2.8 i SYnp (N T —— ]
Nonprompt background - - 4.8 L7 j :‘21 g . < j :(2) B R ' ]
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Test of model dependence

CMS Preliminary ~ 16.8 b~ (13 TeV) CMS Preliminary , _(13 TeV)
| | | | | N B Main result ——f
M N3+1LL+NNLO : Aalr:;e:uA .......... e S N ——
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i Doy % 2,804 X O '—:'0-—|
| . | , | N | i |
30280 80310 80340 80370 80260 80310 80360 80410 80460
Different p; uncertainty models “Helicity fit”: loose priors on oy, ¢ . 4
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PDF dependence
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Comparison w/ ATLAS & CDF-II

" To enable one-to-one comparison with ATLAS, use “global” impacts arxiv:2307.04007

Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e u wp Lumi I'y PS

pt | 162 111 118 | 49 35 1.7 56 59 54 09 1.1 01 15
Impact (MeV) Source Uncertainty (MeV)
Source of uncertainty Nominal Global
in my n Mw n my n Mw Leptonenergyscale ........................... 3 O .................
Muon momentum scale 5.6 48 5.3 44 IF_{eptolnenergyreslolutlonig .................
oy ol S O - Recoleregy cde 12
W and Z angular coeffs. 4.9 3.3 4.5 3.0 'I'_'é'"féﬁméﬁfgﬁcm"H"I ............................. e
Higher-order EW 2> 20 22 o ekl el s SO——— 5 —
Vv . Lepton removal 1.2
Pt modelmg L7 2.0 1.0 0.8 Backgrounds """"""""""""""""""""""""" 33 """""""""
PDF 24 44 19 28 | [EEEE— S
Nonprompt background - 3.2 E 17 pi?pgdﬂodelig -----------------
Integrated luminosity 03 01 02 01 L T arXiv:2403.15085
MC sample size 2.5 15 3.6 38 | | ARRTL N T
Data sample size 6.9 24 10.1 6.0 SVEEOZC:?Z;S“CS """"""""""""""""""" éjr """"""""" CMS-PAS-SMP-23-002
Total uncertainty ‘13.5 9.9 ‘13.5 9.9 ._i_.o..t..a..l. ............................................................... .9.:4 ................. Science 376 (2022) 6589
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