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The W boson mass at CDF i

CDF Collaboration, Science 376 (2022) no. 6589 — myy = 80433.5 = 9.4 MeV

SM electroweak fit 1803.01853 J. Halleret.al —, myy = 80354 =7 MeV

\> mw as predicted from a SM fit to electroweak precision data, not including measurements of Ty

A discrepancy of ~ (o
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The W boson mass
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The W boson mass
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The W boson mass
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The SMEFT

Can new physics beyond the SM mitigate the my; tension?

Maeve Madigan | SMEFT Analysis of my 01/07/22



The SMEFT

Can new physics beyond the SM mitigate the my; tension?

Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:

C'(3)

0(6)
LsMmEFT = L38M - A OB 4 Z (9(6) +.. FEF <A

this work
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The SMEFT

Can new physics beyond the SM mitigate the my; tension?

Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:

C'(5) (6) e
LsMmEFT = LsM A (9(5)+Z A2 O +.. E <A

this work

Is this new physics consistent with other data?
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The SMEFT

Can new physics beyond the SM mitigate the my; tension?

Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:

(5 e 0(6) (6)
LsMmeEFT = LsMm - ()—I—E —0; +.. FEF <A
this work
( ﬁ DgSVSO” ﬁ top_EW —\
ttV —
Is this new physics consistent with other data? (C.. <) G \
(1 Cown Cun C A
C ciyl|
o Cue CuloCH | 0|
(3
We will incorporate the m data into a global fit, analysing gHW (Chia Ciiy Cuw Cua e gfl
the consistency of new physics with existing Higgs, diboson CZ{ &k EWPO J W,
and electroweak precision data. Con Co Oy C&F C3, C3,
Cru Co Ciy O C
Cou tt J
2 Higgs = -
99 2012.02779 Ellis et. al

Maeve Madigan | SMEFT Analysis of my 01/07/22



Our an aIySiS Fitmaker https.//gitlab.com/kenmimasu/fitrepo

* An update of our previous SMEFT analysis of Higgs, diboson and electroweak
precision data using Fitmaker 2012.02779 Ellis et. al

\,now including CDF Il and LHCb measurements of 1My

 Dimension-6 operators in the Warsaw basis, at linear order only
- C; _
O':O'SM—I— FOZ_I_O(A 4)

e Flavour universal SU(3)°— 20 operators
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https://gitlab.com/kenmimasu/fitrepo

Data

Electroweak precision observables include: mw = 80424.2 + 8.7 MeV

Combination of W boson mass at CDF, DO & LEP

CDF Collaboration, Science 376 (2022) no. 6589

Precision measurements at the Z resonance

{T',, aﬁad., R?, A%B, A, R(b), W boson mass at the LHC

0 7pb
RC , AFB : %B : Ab, AC} : ATLAS Eur. Phys. J. C 78 (2018), arXiv:1701.07240

LHCb JHEP 01 (2022) 036, [arXiv:2109.01113].
Phys. Rept. 427 (2006) 257-454, hep-ex/0509008

See 2204.05260 for details of the diboson and Higgs datasets
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Oy = 127.95

mW in the SMEFT Gr = 1.16638 x 107° GeV 2

. R mZ = 91.1876 GeV
Electroweak input parameters: {&pw, Mz, Gg}

oms;; - sin 26, V2 (COS 0., sin 0,,

_ Crrp A (40“”) _ 20 ) 4
ms; cos 20., 4A2 \ sinf,, " " cosé,, H? 1) +ACaw s

where my3, = My + dmiy, My derived from input parameters in the SM.
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&y = 127.95

mW in the SMEFT Gr = 1.16638 x 107° GeV 2

. R mZ = 91.1876 GeV
Electroweak input parameters: {&pw, Mz, Gg}

oms;; - sin 26, V2 (cos 0., sin 0,,

- Crp - (40“” _ 20 ) 4C
ms; cos 20., 4A2 \ sinf,, " " cosé,, H? L)+ 2CHWE

where my3, = My + dmiy, My derived from input parameters in the SM.

4 operators can induce a shift in My at linear order:
Opwp = HIT'THW!,B", Oyp=(H'D'H)" (H'D,H) ,
_ _ > _
Oy = (Zvué) (Zy“f) , (’JSZ = (HTz’D/f H) (87“%“8)

We neglect possible measurement bias in extracting my in the SMEFT sjorn, mrott, 1606.06502
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5 _

2
myy,

S =
My

Individual SMEFT constraints

SU(3)°: EWPO + Diboson + Higgs
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— C
cos 20, 4A? \ sind,, HD + cos 0.,

(401(-5’2 - QCU) + 4CHWB>
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Marginalised SMEFT constraints

1.5;
] 2
: 95%CL marginalised; C; (1Te2V)
1.0 N
0.5‘: : i
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myy in the SMEFT

Grey:. SMEFT fit, excluding
direct measurements of my

Red: SMEFT fit, including
direct measurements of myy
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myy in the SMEFT

C'ip is the least
constrained of the one-
param fits

Fits including C'g7 p show
compatibility with the CDF
mw measurement
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myy in the SMEFT

C'ip is the least
constrained of the one-
param fits

Fits including C'g7 p show
compatibility with the CDF
mw measurement

Fits including Cgp, Cyy
Indicate a flat direction
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Chws,CHp
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SMEFT constraints
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Constraints from CKM unitarity

2204.04559 M. Blennow et. al
The SMEFT is constrained by the consistency of [3 - decay data with CKM unitarity:  2204.08440 V. Cirigliano et. al

2

02 _
AckM = 2@ _01(—43; — ng + Cor — Céj)_

where Acr M = |Vud|2 -+ |Vu3‘2 — 1
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Constraints from CKM unitarity

2204.04559 M. Blennow et. al
The SMEFT is constrained by the consistency of [3 - decay data with CKM unitarity:  2204.08440 V. Cirigliano et. al

2
ACKM—QF C(S) C<3)+CM—C(3)

\—' Recall C%2),Cu. Crp, Crw s

contribute to Mw

where ACKM — |Vud|2 =+ |Vu8‘2 o
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Constraints from CKM unitarity

2204.04559 M. Blennow et. al
The SMEFT is constrained by the consistency of [3 - decay data with CKM unitarity:  2204.08440 V. Cirigliano et. al

2
ACKM—Q— C(S) C<3)-|—ng—0(3)

A2 _
\—' Recall C%2),Cu. Crp, Crw s

contribute to Mw

where ACKM — |Vud|2 =+ |Vu8‘2 o

Measurements of 07 — 0™ nucleon transitions and kaon decays:

Acrky = —0.0015 £ 0.0007
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my, 2020 w/ LHCb
Diboson & Higgs
| Z-pole
. my 2022 w/ LHCb
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my, in the SMEFT with ACKM
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Probing single-field extensions of the SM

Single-field extensions of the SM matched to the SMEFT at tree-level, 7/71.10397 de Blas et. al
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Probing single-field extensions of the SM

Single-field extensions of the SM matched to the SMEFT at tree-level, 7/71.10397 de Blas et. al
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Probing single-field extensions of the SM

Mass limits (in TeV)

=1 e

B - e ——t—

N - —4—0—1

E - L — |

a 5 6 7 8 9 10
Model || Pull || Best-fit mass 1-0 mass 2-0 mass 1-0 coupling?
(TeV) range (TeV) | range (TeV) range

Wi 6.4 3.0 2.8, 3.6 2.6, 3.8| 0.09, 0.13|
B 6.4 8.6 8.0, 9.4 7.4, 10.6| 0.011, 0.016
= 6.4 2.9 2.8, 3.1 2.7, 3.2 0.011, 0.016
N 5.1 4.4 4.1, 5.0 3.8, 5.8 0.040, 0.060
E 3.9 5.8 5.1, 6.8 4.6, 8.5 0.022, 0.039

27

Constraints at 68% and
95% CL, assuming a
coupling of g=1
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Conclusions

New physics parametrised by the dimension-6 SMEFT can account for a large enough shift in my,
without significant tension with other electroweak precision, Higgs and diboson data.

Caws,Cup,Cu, 01(731)

myy can be accommodated within several single-field extensions of the SM with new particles whose
masses are in the TeV range for couplings of order 1
N, E, B, =, W,

Low-energy measurements e.g. Acx s provide complementary information on the SMEFT operators
constrained by myy

Thank you for listening!



S, T parameters

Relation to the electroweak oblique = Stat. uncertainty
— Total uncertainty
parameters S, T:
LEP2 80376 = 33 ————
DO I 80375+ 23 ————
5 ATLAS 80370+ 19 ——
U_QCHWB _ J192 LHCb 80354 +32 g
A Lom CDF I 80434 + 9 .
12 - g%g% World Avg. (w/o CDF) 80370 12 ——
A2TMP T on(g? 4 gg)T World Avg. (w/ CDF) 80411+ 8 o
SM 80361 + 7 O Indirect w/o myy,
SM + S.T el « SM electroweak fit 80354 =7 @
to,0 € ectrowea_ It . SM + S,T fit 80378 =24 ——
greater compatibility with the
W mass world average = . . . = e
80100 80200 80300 80400 80500
my, [(MeV]

Maeve Madigan | SMEFT Analysis of my 01/07/22



S, T parameters

Clear pull away from the SM in the T
direction

Fit to My data (purple) remains
compatible with the fit to all other data
(yellow)

Amyy € [0.04%, 0.08%]

0.2

0.1

— 0.0

—0.1

—0.2

= T ’F/ 0 06‘0/0 7
,,,,, — anw
201 e A

R L N ety
”””””””” Q 0%0/0
e e bm\N -
,,,,,,,,,,, 0\}%

+ SM 2020 fit + LHCb my, s )

no My 2022 my update :

e ! ] = . l |

—0.1 0.0 0.1

Maeve Madigan | SMEFT Analysis of my

01/07/22



