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The Electroweak Sector

¢ Standard Model (SM) has explained many measurements,
including measurements of the electroweak sector.

e We do not know if higgs is the whole story and we have
reasons to believe it is not.

e Beyond SM (BSM) physics can give rise to detectable signals
in electroweak precision tests (EWPTs).
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e A promising BSM explanation:
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EWPTs

e As mentioned, too many measurements compared to number
of parameters of the model.

e Gr and « are the most precisely-measured ones. Treated as
constant in EWPTs.

e Other Core observables: Mz, My, M;, as, Ac.

e In SM, all other electroweak observables can be calculated in
terms of these quantities; then we can compare to their
measured value and do a x? fit.

e (We use Gfitter set of observables [1803.01853], which
partially overlaps with PDGs.)
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Intro. EWPTs CDF Il Measurement BSM Summary Back Up
Observable Measured Value
My [GeV] 91.1876 £ 0.0021
M, [GeV] 125.25+0.17
M, [GeV] 172.89 + 0.59
as(M2) 0.1181 £+ 0.0011
Ac® (M3) | 0.02766 + 0.00007
Tz [GeV] 2.4955 £ 0.0023
Tw [GeV] 2.085 £ 0.042
o4 [nb] 41.481 £0.033
RY 20.767 £ 0.025
A% 0.0171 = 0.0010
A, 0.1499 £ 0.0018

sin” 0:(Qrs)
sin® 6%(Tevt.)
Ay

A

A%

A%

RO,b

RO,c

0.2324 £ 0.0012
0.23148 £ 0.00033
0.923 & 0.020
0.670 & 0.027
0.0992 & 0.0016
0.0707 & 0.0035
0.21629 £ 0.00066

0.1721 + 0.0030 HJE
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e S: captures mixing of SU(2) third component and U(1)y.

e T: captures violation of isospin symmetry.

e Both are zero in SM. Non-zero S& T affects the electroweak
observables.
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e In SMEFT:

2
Eoblique =S <Oé2> HTW;”O'aHBMV - T < Oz) |HTD H‘z
SwcwV V

e Other oblique parameters correspond to higher dimension
operators; hard to generate in BSM scenarios without giving
rise to S&T.

e All observables are written as a function of S&T.

M2 M3

My = MWSM(l oM2) (5 - 2e,1) + 4 ZZ)U),
4(cly — siy) 8syy
MZ

T'w = Twsw (1 - ,f‘( 2 (5 ac,1) 4 22 Z)U>.
4(cly — siy) 8spy
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e For every point on the S — T plane, we calculate

as, -y (M=o T))?

- gj
j J

e j : different observables, M; : measured value, Oj : SM
prediction + BSM contribution (parametrized by S&T), o; :
uncertainty.

e On the S — T plane, x? has a chi-square distribution with 2
dofs. We use that to find 20 ellipses.
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e SM was already in the corner.

e Each new measurement moves this ellipse.

e | atest measurement was CDF Il My,. We want to see how
that affects this ellipse.
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A part of Tevatron. CoM energy: 1.96 TeV.

Expected to outperform LHC in M)y measurements: better
detector resolution, PDF uncertainty, lower pile-up.

They did an analysis on four times more data than their last

analysis.

Measurements done in six different channels.

Distribution W boson mass (MeV) x?/dof
mr(e,v) 80,429.1+10 3415t + 8.5t 39/48
pi(e) 80,4114 +10.7qtat = 1184t 83/62
pi(e) 80,426.3 £ 14554 + 1175t 69/62
mr(u, v) 80,446.1+ 9.2yt + 7345t 50/48
P4 () 80,428.2 + 9.6¢1z1 £ 10.3,5t 82/62
P (1) 80,428.9 + 13 Igtzt + 10 94yt 63/62
Combination 80,433.5 £ 6.4stat £ 6.9gyst 7.4/5
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SM

DO 80478 + 83 —_——
CDF | 80432 + 79 —_——
DELPHI 80336 + 67 —_——
L3 80270 + 55 ——o——
OPAL 80415 + 52 —
ALEPH 80440 + 51 —
Dol 80376 + 23 -
ATLAS 80370 + 19 -
CDF Il 80433 + 9 L

o b b b b L Ly

79900 80000 80100 80200 80300 80400 80500
W boson mass (MeV/c?)
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e See [2205.02788] for further details.
e Use of RESBOS: N3LL-+NNLO only included in RESBOS2.
e Use of RESBOS: Handling of angular distributions.

e At CDF Il, a data-driven method is used to improve RESBOS
results.

e Iy (affects only the mt channel measurements)

N'w = 2.0895 £ 0.0006 GeV vs. 'y = 2.046 £ 0.049 GeV

e PDF uncertainties.

e They conclude at most 10 MeV shift in My central value.

19/28
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e We should wait for similar analysis from LHC.
e But let's trust our experimentalist friends for now.
e We can redo the EWP fits with the new My value.

e Four scenarios considered for My in the fit.

My = 80.379 + 0.012 GeV (PDG 2020),

My, = 80.4335 £+ 0.0094 GeV (CDF 1),

My = 80.4335 £+ 0.0157 GeV (CDF II - 2xSyst.),

Myy= 80.4112 + 0.0076 GeV (LHC + LEP + Tevatron),

o Experimental results combined assuming zero correlations. We
checked that other correlation values did not change the final
deductions.
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o We focus on average of all experimental results for My,
(amber ellipse).
e Need positive T. What models can give us that?
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e Many proposals put forward: 2HDM, dark photon, LQ, new
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e Many proposals put forward: 2HDM, dark photon, LQ, new
fermions, SU(2) triplet, shifting Aanaq (related to g-2).

e swino: new SU(2) triplet with Y = 0 and a small vev.

Most minimal and natural solution.

We focus on the tree level correction. At loop level further
corrections appear.

Swino

Swino, the boozy feral pig that shot to international fame after drinking 18
cans of beer, starting a fight with a cow and causing chaos at an Australian
campsite, has died in a car accident. oct8 2013

hitps://www belfasttelegraph.co.uk > News » World ¢
'Swino' the beer-loving fighting pig dies in car accident
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e Swino arises in a supersymmetric extension of SM with N = 2
and including an R-symmetry.

e See [het-ph/0206096,0712.2039]

e Originally motivated by SUSY flavor problem; but Majorana
gaugino masses break the R-symmetry.

e Need an extra chiral superfield in the adjoin rep.; the fermion
enables a dirac mass for gauginos.

e The scalar component of the new SU(2) adjoint superfiled is a
swino.
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e In the fits GF and « are treated as constant; all other
observables derived from Mz, My, M;, as, Ac.

o Oblique parameters quantify deviation from SM.

e T > 0 explains the CDF Il measurement of My .
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Summary

In the fits GF and « are treated as constant; all other
observables derived from Mz, My, M;, as, Ac.
Oblique parameters quantify deviation from SM.
T > 0 explains the CDF Il measurement of Myy.
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e Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis):
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e A swino is potentially the most minimal BSM explanation.
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e A swino is potentially the most minimal BSM explanation.
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e Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!
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When Oblique Parameters Are Useful

See [hep-ph/9306267].

e (1): The electroweak gauge group must be SU,(2) x U, (1), with no new electroweak
gauge bosons apart from the photon, the W and the Z.

® (2): The couplings of the new physics to light fermions are suppressed compared to its

couplings to the gauge bosons.

® (3): The intrinsic scale, M, of the new physics is large in comparison with My, and M.

ST, (M2) — anzz(o)]

M3
MLy (M2) — 811, (0)
M,

aV =8I, (M2 — [

oW = 81T, (M2,) - [

2
aX = —5yCy [%— (51'['27(0)] .
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Oblique Contributions

See [1306.4644].

a(M%) 2 CW SW S%/V
My = Mysy |1 — —22) (g 92 T — _ W A
w W.SM { 4(c%V — 312/1/) S 2s 2 v 2(C%V — s%v) Gl
M2 2 2 1
Ty = T [1-%(5—2C@T—CW S U)— 2+CW AG]
4(ciy — swy) 2syy 2(cfy — siy)

/ L —gh) [a(M3) (S — 4 ys¥y T) + 43 AG
69(/ = 97‘, [a(M%)Tf AG] + (9v — g4) [e( Zis(%v (C%VCV_VZ;) ) ey sty AG]

’

Gr=(gh)2+(gh)%  0Gs =29 69l + g%, 89%),
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Oblique Contributions

See [1306.4644].
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EWPTs CDF Il Measurement

RESBOS vs.

a5 T T T T T

= 0.06 - —— NNLL+NLO CDF Tune |
—— N3LL+NNLO
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8
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14
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FIG. 2. Comparison of the generated pseudodata for the W
transverse momentum for the state-of-the-art RESBOS2 cal-
culation at N®LL+NNLO (blue) accuracy compared to the
NNLL+NLO (red) prediction tuned to the Z transverse mo-
mentum distribution. The blue band represents the statistical
uncertainty of the CDF result.

BSM Summary
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FIG. 3. The ratio for the normalized Z transverse momentum
to the normalized W transverse momentum in the region used
by the CDF experiment. The NNLL+NLO (red) prediction
and the N°LL+NNLO (blue) prediction are consistent with
each other over this region. The scale uncertainty is treated
in a fully correlated manner.
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CDF Il Measurement BSM

RESBOS vs. RESBOS2

Mass Shift [MeV]
Observable | RESB0s2 | 4-Detector Effect+FSR.
mr 1.5 £ 0.5 02+18+£1.0
pr(f) |31+21| 43+27+13
pr(v) 4.5 + 2.1 3.0+34+22

TABLE II. Summary of the shift in Mw due to higher or-
der corrections. For reference, the CDF result was 80,433
+ 9 MeV [2] and the SM predicted value is 80,359.1 + 5.2
MeV [1]. The second column shows the shift in the mass ne-
glecting detector effects and final state radiation (FSR), while
the third column includes an estimate for detector effects and
FSR in the mass shift. The first uncertainty is the statistical
uncertainty induced in the mass extraction due to the number
of RESBOs events generated for the pseudoexperiments and
the mass templates. The second uncertainty is the detector
effect uncertainty calculated by using 100 different smearings
of the data to extract the W mass. Additional details on the
smearing can be found in Appendix C.

Summary
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Oblique Parameter U

e It is a dim. 8 operator effect. Suppressed in perturbative
models.

e Only affects My, and Ty

Q(Mg) ( 2 C%/V - S%V 3%/[/
MW:MWSM{1—4 S —2c%, T - U)- W __AG|,
4(c%, — s%,) w 22, 2(c%, — s%,)

M2 2 .2 142
T'w = Cwsu [17M<572c%‘,T70W ZSWU)f ew AG},
(e — sw) 2syy 2(ey — sy)
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Oblique Parameter U

e None-zero U can explain the anomaly alone.

e Not clear what BSM model can give rise to it.
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Other BSM Explanations:

Dark Photon: T < 0. Wont work.
2HDM: T ~ sin? (o — ) - a dim. 8 correction.
Aanaq: Worsens the (g — 2), anomaly.

Leptoquarks: work at loop level; light colored particles.

New fermions: constrained.
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More on Swino

1 1
LD =D, DHe? — M3 + kp? Hla?H — nHTHip?p?
2 M 2 T n 22

\ /

» A % 4

A »

/ AY

\% g{ \ \ 4 {
4 \

0= ; (D*H'HH'H + h.c), O,=D,H'D*HH'H,

Or=|H'D,H’, (H'H)’, (H'H).

e See [1201.4383] for more details.
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More on Swino
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Singlet-Doublet Fermions

Singlet—Doublet Model Singlet—Doublet Model
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