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Tension with other experiments LHCb: 80,354 + 32 MeV

7 o tension with SM (discuss later) SI\;._

» ~3 o tension with other experiments DO | 80478 + 83 ¢
CDF | 80432 + 79 o
DELPHI 80336 t 67 ®
L3 80270 + 55 ®
OPAL 80415 + 52 ®
ALEPH 80440 =+ 51 o
DO Il 80376 + 23 ——
ATLAS 80370 + 19 -—
CDF 1l 80433 + 9 L 4
ce b b b b b
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Tension with other experiments also LHCb: 80,354 + 32 MeV

——
* (If we roughly combine, non-officially, SM
3 o tension with SM) DO | 80478 + 83 o
o ~ *
80,410 £ 15 MeV CDFl 80432 + 79 o
« Larger error bars as a result of
. . +
incompatible measurements. DELPHI 80336 + 67 ¢
493.67740.013 (Emor scaled by 2.4 L3 80270 + 55 ®
and scale factor are based uponine data in OPAL 80415 + 52 o
this ideogram only. They are not neces-
obtained ram a least squares congirained f
utilizing measurements of other (related) ALEPH 80440 i 51 -
quantities as additional information.
) DO I 80376 + 23 —0—
X
A..,..::::::giﬁfov B ONTR 136 ATLAS 80370 + 19 —0=
e — i SR LUM 81 CNTR
------ BARKOV 79 EMUL 0.1
L BhokeNsTO. 73 ONTR o1 CDF I 80433 + 9 ©
(ConfidenceLeve|=0?§dA(f)2) AR T N T N T T T NN T TN N T NN T TN T TN T N TN T N T WO T M A Y B
: ; ; ' 79900 80000 80100 80200 80300 80400 80500

493.55 493.6 493.65 493.7 493.75 493.8 493.85
m s (MeV) W boson mass (MeV/c?)
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Events /0.5 GeV

Events / 0.25 GeV

CDF Measurement

x10°
- 7T Aot =501 48
50 P % =37 %
I ‘ HILH Ps =98 %
| .
i HM\
0 1 1 1 | 1 L 1 | L fi L 1 e
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x10°
i & x2/dof = 82/ 62
4 7 L P =89 %
L L
|/ a
8 1
Lr Ly
20 E\
i .
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P} (GeV)
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Events /0.5 GeV

Events/ 0.25 GeV

x10°
- Tl J2ldof = 39/ 48
401~ L P, =79 %
i ¢ i °
4 Pys =76 %

20+
I \I/ .L= \L
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|
H"“ﬁ.
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x10°
40 - e yéldof = 83/ 62
Y v 2=3%
i ff’ L P =53%
I P g
20 ;ﬁ
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I ] e \M
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P} (GeV)

Lake Lousie Institute

Distribution W boson mass (MeV) x2/dof
mr(e,v) . 80,429.1 10 3¢tat £ 8.9gyst 39/48
Pr@) i 804114410700 + 118t 83/62
PY() 80,4263+ 14.5tat £ 11 7yt ! 69/62
mr(y) 80,4461+ 9. 26t + 7.3yt 50748
P 80,428.2£ 9.6t £10.3yt 82/62
PYM) 80,428.9£ 13 Lstat £10.9gyt ! 63/62
Combination 80,433.5 £ 6.4gtat + 6.95yst 7.4/5

o My =/2 (vhot — 7% - %)
o D E
o pr with (p7 = —pr — Ur)

CDF II extracted the W mass with
high precision energy
measurements, via templates fits of
various distributions, with fixed I,
(a SM single parameter fit).
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Tension with SM

MZ,CV,G’LL, AT

T

M3 1—M—5V = (14 A7)
v\"TMzg) T Vaa,

)

loop corrections

o

Zhen Liu

Lake Lousie Institute

Wmass Adventure

SM is over-constrained (hence
highly predictive).

We are testing it from all angles!
Precision directly probes new
physics.

Parameter Fit Result
G, [Gev™?]  1.1663787 x10~°
a(0)~! 137.035999139
Aa®, (M2) 0.027627 + 0.000096
My [GeV, 91.1883 + 0.0021
My [GeV] 125.21 + 0.12
my [GeV] 172.75 + 0.44
My [GeV]  80.3591 = 0.0052

Sven Heinemeyer — IDT-WG3-Phys Open Meeting on My, 12.05.2022
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What we want & what we measure?

The pole mass with a kinematic meaning.

A template fit to Monte Carlo event generator input
parameter.

Good news: both are about kinematics.

This is why mT & kinematics are important.

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023
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But physics is subtle... in particular, when hyper-precise
Let’s take a closer look: o Mr = /2 (ohot — 7% 77)

» Transverse mass has a Jacobian peak at ° P}
mW in W-rest frame; o pr with (P7 = —pr — tir)

* Transverse mass is a boost (along beam
direction) invariant quantity;

 The lab frame measurement is sensitive
(& smeared by):

« Resolution;

« W-finite width;

* PDF slope;
 W-transverse momentum;

JR— p\'":O. no detector srjear

o e
{ <3
8 &

« finite p, , no detectorjsmearing
- == with deteclior smearig

e
(=]
o

8

2
c
:
.
®
Fe]
E
2
g
5 0.
c

ot i
100 110 120
My, (GeV)
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do/dpt

PT

Fixed order calculation is good in large pT~Q
But small qT requires resummation to obtain physical results

pT_W is small.

Lake Lousie Institute

Wmass Adventure

Zhen Liu

of DY generator; available higher-order

corrections were not taken into account.

02/24/2023 1

Necessary to Resum (schematical figure)
% NLOEES 1.0f 1
NNLO [ d
— NNNLO 08f
if Tiss gap i
: 5 Z
I = | 0.4} ]
0f - i
_ Fixed order : 0.2r Resummation :
—1t - I
I r ; : : . 3 2 7 : : 3 : : ; > . 3 : : £ 5 g : 0.0 il | 1 1 M 1 1 1 M 1 1 T
10 20 30 40 50 = 55 = - =
pT Fig from H-X Zhu
Critics 1: CDF only used an old version

3
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Ratio to N3LL+NNLO

Theory uncertainties

I

| | | I I

1.20 — —— NNLL+NLO

1151

110~

105

1.00

095

090

—— N3LL+NLO

1.05

10(}— # —

0.95 —1
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Rescaling W pT using Z pT

@ Ratio is stable to higher order
corrections at small pr

@ Scale uncertainty only using correlated
prediction

@ Need to investigate the CDF
estimated uncertainty from this ratio

Issacson, Fu, Yuan, 2205.02788

02/24/2023 14


https://arxiv.org/abs/2205.02788

The()ry uncertainties Issacson, Fu, Yuan, 2205.02788

13 0.05 | 5 T T T T “ T T T ;
e 0051 NNLL+NLO COF Tune —— NNLL+NLO COF Tune 31% —— NNLL+NLO CDF Tune
—— NLL+NNLO - 0.025 —— NPLL+NNLO - 0.025- —— NPLL+NNLO 7
0.04 g
0.020 - 0.020} .
0.03 .
0.015 0.015 -1
0.02 7] 0.010 0.010 7
Kl . 0.005 0.005 - g
=) =) o
= 0.00F 4 - =0.000 =0.000 =
Z 102 = Z 102 Z 102 .
5 3 3
% 1.00 - < 100 T 100 .
j] g b}
o 0.98 ! - g 098 L 1 1 1 | I 1 g 098 ! I 1 1 1 L 1 7]
2 65 70 75 20 85 90 2 32 34 36 38 a0 42 44 46 48 s 32 34 36 ET] 40 42 44 46 48

my [GeV] prif) [Gev] priv) [Gev]

Best Fit: My, = 80, 386 MeV Best Fit: My = 80, 388 MeV Best Fit: My = 80, 389 MeV

Mass Shift [MeV]
Observable | REsB0s2 | +Detector Effect+FSR
mr 1.5+ 0.5 02+18+1.0
pr(£) 31 +£21 43 +27+1.3
pr(v) 4.5+ 2.1 3.0 3.4 £ 22

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 16


https://arxiv.org/abs/2205.02788

But resummation is enough

Not a critic: non-
perturbative effects makes it
hard to predict the shapes.
We uses the Z-boson to
calibrate.

Critics 2: CDF only used an
old PDF set to generate
templates. They “rescaled” to
newer PDFs have a very
small assigned PDF
uncertainty.

pT S - Figfrom H-X Zhu
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 17



PDF uncertainty

PDFs are key inputs for precision programs at hadron colliders, e.g., precision electroweak measurements,
searches for new physics beyond the SM, especially non-resonance signatures hiding in high mass tails

PDF unc. at LHCb, NNPDF3.1, CT18, MSHT20 W/Z fiducial cross sections at Tevatron (95% C.L.)

T T T T T T T T T T T T T T T T T T T T T T T T

mw =|80362|% 23stat £ 10exp £ 17theory £|9PDF MeV, 680f & CT18
tat XJ theory L MSHT20 [CT, 2022]

mw = 80350|+ 235tat - 10@(1—) + 1Tthcory + lQPDF MeV, 66 i & NNPDF3.1
mw =|80351|% 234at 10(\)(1—) + 17thcory +|7ppr MeV, ABA\[P:lG _
~ + #ATLASpdf21
6407 & PDF4LHC15
-« PDF4LHC21
50L @ NNPDF4.0

ATLAS, CT10 + 3.8 MeV (MMHT14-CT14)

ow+ [pb]

W-boson charge w+ W~ Combined
Kinematic distribution ps mr §omr pL omr
omy [MeV]

Fixed-order PDF uncertainty 13.1 149 ] 142 80 87

AZ tune 3.0 3.4 3. 3.4 3.0 34
1.2 1.5

Charm-quark mass 1.2 1.5 1. 1.5

I Tevatron 1.96 TeV, 20
CDF, NNPDF3.1 only (3.9 MeV) 20 S

32 33 34
(other tested, CT18, MMHT 14, +-2.1 MeV) o7 [pb]

spread of predictions from different PDFs could be much larger than the PDF unc. of a specific set
even for the same group the PDF unc. not necessarily decrease with time

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023




PDF Uncertainties

Gao, Liu, Xie, 2205.03942

normalized mr distribution
PDF var. vs. Mw var.

CDF Run Il at NLO

T l L] L] L] L] I
= NNPDF3INNLO 7
N Unc. at68% CL.

T — Ampy=+10MeV
2 0.04f — CTEGeM =
(b} —— MMHT14NNLO
e “— CTI18NNLO

3= — NNPOF4ONNLO -

mean value of my
CDF Run Il (M) at NLO

1.00010F

1.00005F

_______

{Mr}f{M#ms]mo}
H
=
=1
=
(=1
(=]

0.99995F

0,99990F

Lmy = * 5MeV
T & PDF Unc. at 68% C.L.

estimate shift and PDF unc. of W mass

0.000 M,y in McV|sta. NNPDF3.1_CT18 MMHT2014| NNPDF4.0 MSHT2020
~0,005 r (Mr)(LO) | - 0Ofg3 -1.07yy7, -33%5 | +78%5)  -3.1757

€ x> fit (LO) [8.0  0F7¢  -1.07%¢ -33755 [ +8.0757  -3.0530

= (M{)(NLO) | — 0239 42705 50025 | +6.97¢3  -7.61¢7

S x* fit (NLO)[8.0 073  -4377, -5.173%7 | +7.1%;2  -7.87)1

CDF |92 073} - § 3 3
M+{GeV) -
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 10


https://arxiv.org/abs/2205.03942

Finite Width

Finite width will further distort the shape of distributions.
Current precision is dominated by prior CDF measurements.

In the CDF mW determination, it was fixed. |REEGEEE.= 21401

DELPHI 240+ 0.17
L3 218+ 0.14
2.00+ 0.14

2.195+0.083

w2/dof = 37/33

2,033+ 0.064
DO 2,061+ 0.068

Tevatron 2.046+ 0.049

w2idof = 1.4/4

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 22



Outline

e CDF Measurement

* Theory Assessment

e Tension with SM

* What did we measure?
 Various critics & updates

 BSM interpretations

e Future

Zhen Liu Wmass Adventure

Lake Lousie Institute

02/24/2023

23



SMEFT interpretations

2

X
Specifications/models d.o.f. bre CDF-1|meembine %DF‘H
[ SM (3) | 31 62 76
— S-T (3)+2 28 30 33
S-T-0G (3)+3 28 28 28
Universal EW (3)+8 17 17 17
Z'/W' (AS =0.1)> [(3)+1P| 29 (28) | 38 (33) | 34 (31)
BSM Models| VLQ Top I (AS =0.1) [(3)+2°| 29 (29) | 34 (32) | 38 (34)
VLQ Top IT (AS =0.1)| (3)+2| 28 (53) | 33 (31) | 37 (33)
Top Squark (3)+24 28 31 34
Gu, ZL, Ma, Shu, 2204.05296
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 24


https://arxiv.org/abs/2204.05296

Tension with SM

2

Mg, o, Gy, Ar AT _joop = Acx - ETVV://AP + Arrem(Mp)
M2 T
2 M
loop corrections tb
vV Vv
1 n R
S = [cﬁ, 782 (5Gp + 25)]
20211}
A o ~

Zhen Liu Wmass Adventure Lake Lousie Institute
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2
X
Specifications/models d.o.f. : per——
SMEFT results pre CDF-LLjmip™™™ |y~
04 SM €) 31 62 76
i S-T (3)+2 28 30 33
I CDF EW fit
0.3- Nnew S-T-6Gr (3)+3 28 28 28
0.2- ] 0.2- :
— 0.1- = 01- :
old old
0.0 : 0.0 -
-0.1+ -0.1+ -
I 90%CL, marginalized over S
—0.2._. ol oy, . o ——1 o —— —— —0.27‘ Col e e e ey T
-0.2 -01 00 0.1 0.2 0.3 -02 -01 00 0.1 0 0.3
S 6GFX g[0]0)
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 277



8-parameter “Global” SMEFT results

19 bound from 8—parameter SMEFT fit

od - » Assuming flavor universality,
Cws Cwa SILH-like basis (O and Oy,
cr cr are eliminated)
Chie Chie » Still prefers the same shift, but
the 7o is diluted... (Strong
CHa CHa correlations among ¢y, Cr,
| A1221
C'Hq C'Hq CHE? and CEE )
CHu Chy » Large deviation in cyy from the
good-old LEP A% anomaly...
Cha —8:841:8813 CHd
CI1|221 CI1|221
_0.02  -001 000 001 002

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023



1o bounds (in %) correlation matrix

old new CDF |cwp cT CHe CHq Cgg CHu CHd ;221
cwp|—0.59 +0.30|—0.59 +£0.30] 1 0.96 (0.97) 0.96 -0.091 -0.25 -0.16 0.11 0.91

cr |—0.23 £0.14{—0.104+0.14 1 0.93 -0.07 -0.20 -0.16 0.15 0.78 (0.80)
Cre |—0.25 £ 0.13|—0.25 £ 0.13 1 -0.12 -0.29 -0.14 0.05 0.85
CHq |—0.07 = 0.27{-0.07 = 0.27 1 -0.30 0.60 0.38 -0.13
c}{q —0.34 £ 0.27|—0.34 = 0.27 1 -0.69 0.58 -0.33
Crv | 0.67 £0.92 | 0.68 £0.92 1 -0.07 -0.11
cga | —4.1x£15 | —4.14+£1.5 1 -0.02
c;2211—0.56 4+ 0.33|—0.84 + 0.33 1
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 31




Tree-level new bosons

4"
3. CDF mW
‘ preferred
s
& 2
1 I Old mW
_ preferred
0 _I 1 1 1 L 1 1
1 2 3 4 S
my [TeV]
Zhen Liu Wmass Adventure Lake Lousie Institute

SUR), XSUR)g xU)y
- SU2), X U(D)y

Z’, W’ generates T at tree-level.

One needs to avoid direct resonance
searches by engineering partially mixed
leptons to suppress leptonic searches.

02/24/2023
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Top squarks (degenerate)

2.0

1.5

Wﬁ Cfe\ﬁ

0.5

-3 -2 -1 0 1 2
)Q/W%

3

Preferred by CDF

Preferred by old mW
top1 less than 400 GeV (current bound; more later)

Tachyonic Stop

t,b t,b
/// N
Vv VoV Vv
”v\/v‘ ’VA/MA
\\\ //
2
cr = hél 1+19202ﬁ _lX_tQ 1_|_lg262'3 _|_iX_€l
L 6an?m? 2 h2 2m2 2 K2 10 7
hi  X¢ h X
W = 5 9> CB= 5. 29
6407r2mf m: 64072m2 m
h? 1 g%cag 4 X2
S 14 = bl
BT T 384 2m? [( TR ) sm2

Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023
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1 value

terms in C over rr

Degenerate Top Squark not working...

Ccr: Xf/m‘ng term
cr: X%/még term
Cw: X?/m%g:; term

CR: X?/ma3 term

CWRB:- X%/m(%gg term |

10}
51
2 B
Ly
0.2
Zhen Liu

(! 0.6

I'I'(: m%g/m%?,)

Wmass Adventure

0.8 1.0

Lake Lousie Institute

hi 1%\ 1X7 1 g2 1 X}
or = g (1 Y 12 (1 1), LS
64m=msz 2 h; 2ms 2 h; 10 m;
kxR ox
v 640m2mZ m?’ 5= 640m2mZ m?
h? 1 g%cop 4 X?
LA Y I _ 24
VB = T 3Ranm? [( TR ) Eme
mQ
Use non-degenerate soft- rp = __ U3
masses to enhance the loops m2Q3
R 1 1g%c95\° X? 1 g%cop 1 —5rr — 2rr? 3rr?
o= 16772:71%3 4 <1 *3 h? > + 2m—?;3 (1 *3 h? ) <_ 8(1—rr)3 * 4(1 —rr)t log(rr))
Xt (1+10rr +7rr2  3rr(1+4177)
, ( At 2 mm)ﬂ
h? X2 (1—8rr—17rr2  3rr? 4 rrd
w= 167r2m?Q~3 m%B ( 12(1 —rr)t 2(1 —rr)° log(rr))
B h? X2 (=23 —8rr+Trr?  —4—12rr + 3rr? + 113 1
6= 167r2m%3 m%S ( 12(1 —rr)t 6(1 —rr)s og(rr))
R} 1 1 g%cap X2 (5+33rr —3rr? +rrd  2rr 42
Wb = W [_ﬂ (1 + 2 h? ) még ( 24(1—r)* 2(1 —rr)® log(rr))}
02/24/2023 34



Top squarks (non-degenerate)

Zhen Liu

Wmass Adventure

Lake Lousie Institute

_2 f

Xt/m%
02/24/2023
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Top squarks

A few more directions could
help further enhance or
constrain:

* rr (soft mass ratios)

» right-handed sbottom mass

e tanf

 Addition of slepton
contributions (also
accommodates muon g-2)*

*Agashe, M, ZL, Sundrum, 2203.01796
Heinemeyer et al, 2203.15710

Zhen Liu Wmass Adventure Lake Lousie


https://arxiv.org/abs/2203.01796
https://arxiv.org/abs/2203.15710

Coannihilation and LLP

Mono-jet + (soft) displaced tracks

10

[
S
-

¢t (mm)

0.01

Zhen Liu

1

~

An, Hu, ZL, Yang, 2107.11405 T, production, T b %) /T e 7, /T Wb, /T t %] May 2018
’ ’ ’ ) S‘800|_|||||||||||||||||||||||||||||||||||||||||||||_|
o ~ ATLAS Preliminary 1s=13 TeV, 36.1 fb”’ N
O, - EEIotL /T Wb, oL [1709.04183] .
S-700— ==i-t7 /ToWby /T>bffy 1L [1711.11520] —
&= T BTt G Wb i bt 2L [1708.03247] .
£ - EMioc /Tobify, Monojet [1711.03301] -
600— “— T-ci, coL [1805.01649) .
: . . ) ' [1506.08616] ]
Can we do monojet+(soft) displaced tracks? AlimisatosscL ]
, —
- Wouldn’t one be swamped by the soft SM 7 :
------- backgrounds? O
_____ ——--- We tried out Open Data |t -
0.5 1.0 . / \ ]
200 \
kl,X? l :
100 B
P 0 l' I | | | | .| | L1111 I | .| I 111 | |y I 1 11 \ l T
@ " ®) © 200 300 400 500 600 700 800 900 1000
e i
(d) (e) ()
Wmass Adventure Lake Lousie Institute 02/24/2023 37


https://arxiv.org/abs/2107.11405

CMS opendata 11.6 fb™!, sing;=0.3

400 GeV Stop alive s0p

Prompt CMS 8 TeV
35+ J
7’
/,/

30f DMover- _.*” -

\\ s abundant .~
7’
CMS 17 full . > " P
simulation sample; S
< v
i CMS Open Data 8 TeV

~~ Track and Vertex ™ 20 i

\\'»,,

Efficiencies

15 Excluded by DT 8 TeV

Pythia Level
Signal MC

10

Excluded by HSCP 8 TeV ]

250 300 350 400
my (GeV)

{ Selections \/ﬁ
An, Hu, ZL, Yang, 2107.11405 See also for other open data physics studies,
A. Larkoski, S. Marzani, J. Thaler, A. Tripathee, and W. Xue 1704.05066,

A. Tripathee, W. Xue, A. Larkoski, S. Marzani, and J. Thaler 1704.05842,
Signal Yields M. Andrews, J. Alison, S. An, P. Bryant, B. Burkle,S.

Gleyzer, M. Narain, M. Paulini, B. Poczos, and E. Usai 19002.08276,

P. T. Komiske, R. Mastandrea, E. M. Metodiev,P. Naik, and J. Thaler 1908.08542,

C. Cesarotti, Y. Soreq, M. J. Strassler, J. Thaler, and W. Xue 1902.04222.
Zhen Liu Wmass Adventure Lake Lousie Institute 02/24/2023 38



https://arxiv.org/abs/1704.05066
https://arxiv.org/abs/1704.05842
https://arxiv.org/abs/1902.08276
https://arxiv.org/abs/1908.08542
https://arxiv.org/abs/1902.04222
https://arxiv.org/abs/2107.11405
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ATLAS & CMS & LHCb

ATLAS
\s=7TeV, 4.6 fb
W= ev

A pT(W+) []Stat. Unc.
v pT(W‘) —Total Unc.
A m(W") [JStat. Unc.
¥ m (W) —Total Unc.
— Comb Fit [ |Total Unc.

——p—
|
—

IIII]IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

|
i

0.0<[n|<0.6 0.6<[n|<1.2

| 1.8<[n|<2.4
Category

< 80700
= 80650
;gsosoo
80550
80500
80450
80400
80350
80300

80250

We have high hope for LHC to shed more light on mW.
Independent checks are always helpful and appreciated, even if the uncertainty budget is larger.
(My wish) We shall present mW-alone, mW&Width 2D results.

Zhen Liu

Wmass Adventure

Lake Lousie Institute

ATLAS

W = v

+

IIIIIIIIIlIIIIlI IIIllll|IIII|IIII|IIII|IIII|IIII

\s=7TeV, 4.1’

A pT(W+) []Stat. Unc.
v pT(W‘) —Total Unc.
A m(W') [JStat. Unc.
V¥ m (W) ~—Total Unc.
— Comb Fit [ |Total Unc.

N

0.0<|n||<0.8 0.8<|n||<1.4 1'4<m||<2'0 2-0<h1||<2-4

02/24/2023
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W mass
Precision
10 bound from 8-parameter SMEFT fit
I . :—H old .
Cws s row S Cws
cr = cr
CHe e CHe
CHq o CHq
CHq e C'Hg
CHu $ CHu
Cha 684138813 CHd
CI11221 1 cl’:221
~0.02 ~0.01 000 001 002

Zhen Liu

Observable  current precision = CEPC precision (Stat. Unc.) CEPC runs main systematic
e
Amgz 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Epeam
AV 2.3 MeV [37-41 0.025 MeV (0.005 MeV) Z threshold Epeam
Amyy 9 MeV [42-46] 0.5 MeV (0.35 MeV) WW threshold Epeam
ANRTY 49 MeV [46-49] 2.0 MeV (1.8 MeV) WW threshold Ebeam
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Relative Error

(in)Direct Probes of Loop Particles

' Precision of Higgs coupling measurement (kappa0 fit) 1035
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Probing Stop via loop (Z-pole, Higgs precision)

I I I I [} L I I I I LFET 07T | | ] I I ] I I I I LET 0T
2000 I Ty 2000 [ B
i [ | =14 i [ . Il i
] l' m:,“ré. 1’ 1’ i
L ! y : / N L
I [ ] (’ o T ” J
L 5=T 2er C.L. re L #|
1 l‘ rd rd E e ,4'
15001 i e s 1500 x Vg i
1 I F 'I o ¥ 'I
i ! '! ,/' 7 . = y /. w -
— - Fa - f— - == F =
- i ! /, e - 4 ff‘ o
o 1 1,7/ g T (1] =1 S s g
(] - Il I Iy - O - s Fa -
< 1000 & ¢ Current (dotted) — < 1000 SRS ot ~
B I o # ILC(ashed) A £ L & A% .
H Q‘é(?' »* CEPC Baseline (solid) - Q@"& s T
4 & # CEPC Improved (dashed) — L Q/ il oo _
v S . 8 ’
= S\ FCC-ce-Z(W) (solid) = ’,' 4 =200 GeV, tan f = 10~
500+ /7 Mo — 500+ —
b ‘ﬁ ER | = -
/<\\ A
- \‘ — — -
| | | '}\ | | 1 | [ i 1 1 1 | 1 1 I 1 1 [ | | 1 | | I_/
500 1000 1500 2000 500 1000 1500 2000
m; [GeV] m; [GeV]
1 1

Zhen Liu

Fan, Reece, Wang, 1412.3107
Gori, Gu, Wang, 1508.07010

Wmass Adventure

Lake Lousie Institute

2000

i I IE I I ||| I le I |]-4| |"|' | | I |
- é I|l m';I+m’}: 'I” B
= E |’ ’;'Higgs couplings ’;
- \ s wcr
1500— : \ J,’ HL-LHC tdoncd),:” .
- \,*° ILCS00(solid) ,#° ]
~ - /" ILC 1000 (dashed),” ]
3 - W CEPC (solid) ,o” |
A e A O T ]
: & 1 — i\ & i N
£ Y A
L ”I }Q& ’*' A
:I” .e.“:"{\ l', :
500 . ,’{ ------------------------------- -
= ’ .
= ’ .
| | | !’ 1 | | | | 1 1 | | 1 | 1 |
500 1000 1500 2000
m; [GeV]
1
02/24/2023 44


https://arxiv.org/pdf/1412.3107.pdf
https://arxiv.org/abs/1508.07010

Summary and Outlook

e CDF Measurement

* Theory Assessment
* Tension with SM

* What did we measure?
» Various critics & updates

 BSM interpretations
* Future

I hope you enjoyed this adventure so far
and that we did make progress in
understanding physics. The future is in our

hands.

Zhen Liu Wmass Adventure Lake Lousie Institl
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