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The SM, up to now, is very successful. But there are some flaws:

Elahi et al, 1410.6157
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Introduction 2

On the other hand, neutrinos oscillate
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While there are many models for dark matter, neutrinos and other topics as you prefer,
the direct experimental observation of any new particle is still null.

Q: How to approach new physics beyond the Standard Model?
A_' coe
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While there are many models for dark matter, neutrinos and other topics as you prefer,
the direct experimental observation of any new particle is still null.

: How to approach new physics beyond the Standard Model?

Standard Model Production Cross Section Measurements Status: May 2017
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* not for completeness
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Operators in the Warsaw basis:
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59 operators (+ 4 B-violating ones)

2499 operators: 1350 (CP-even) + 1149 (CP-odd)
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Basis 6

We choose to work in the Higgs basis
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SMEFT global fit: Basis 6

We choose to work in the Higgs basis

Higgs physics in the context of SMEFT global fit? Jiayin Gu’s talk on Monday
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https://indico.ihep.ac.cn/event/19316/contributions/143434/

4f

We only consider flavor conserving 4-fermion operators

202q operators (p,r = 1,2, 3) 4¢ operators (p <r =1,2,3)
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Full list of observables and different collider options are summarized in great detail
In our snowmass paper 2206.08326
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SMEFT global fit: 4f

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

Process Observable Experimental value Ref. SM prediction
. 9y —0.035 % 0.017 —0.0396 [48]
—e i CHARM-II [47
Ve scattering gure —0.503 % 0.017 147 —0.5064 [48]
G2
5 1.0029 +£ 0.0046
T decay g; 0029 0.00 PDG2014 [49) 1
ETZ,,& 0.981 £ 0.018
A + 0.0031 31
R,, 0.3093 £ 0.003 CHARM (r = 0.456) [50] 0.3156 [50]
Ry, 0.390 = 0.014 0.370 [50]
R, 0.3072 £+ 0.0033 0.3091 |51
Neutrino scattering g CDHS (r = 0.393) [51] 1]
Ry, 0.382 + 0.016 0.380 [51]
K 0.5820 = 0.0041 CCFR [52] 0.5830 [52]
Rum. 0.406+0:185 CHARM |[53] 0.33 [54]
(s2)Moler 0.2397 £ 0.0013 SLAC-E158 [55] 0.2381 + 0.0006 [56]
QS:(55, 78) —72.62 + 0.43 PDG2016 [54] —73.25 + 0.02 [54]
P (1,0) 0.064 £ 0.012 QWEAK [57] 0.0708 = 0.0003 [54]
A —91.14+4.3) x 106 —87.7+0.7) x 1076 [58
Parity-violating scattering A, (—160.8 = 7.1) x 10— (—158.9 + 1.0) x 1076 [58]
g g —0.042 + 0.057 SAMPLE (,/Q? = 200 MeV) [59) -0.0360 [54]
va VA —0.12 + 0.074 SAMPLE (1/Q? = 125MeV) [59] 0.0265 [54]
, —(1.47 £ 0.42) x 104 GeV 2 SPS (A = 0.81) [60] —1.56 x 10~ GeV~2 [60]
e (174 % 0.81) x 10~* GeV 2 SPS (\ = 0.66) [60] ~1.57 x 10~ GeV~2 [60]
+ volarization P, 0.012 + 0.058 VENUS [61] 0.028 [61]
Ap 0.029 + 0.057 0.021 [61]
Neutrino trident production | —&(v,y* = vupu™p™) 0.82 £ 0.28 CCFR [62-64] 1
dr — ulvy(y) T hspT See text 65] 0
SAC . 2.0% 0.00015
SAY 1.5% -0.0006
ete = ff SAT 2.4% SuperKEKB [66] -0.0006
SAC . 0.5% -0.005
SAL 0.4% -0.020
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Flat direction lifted by low-energy experiments: muon sector example

4f
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Flat direction lifted by low-energy experiments: muon sector example
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4f

Flat direction lifted by low-energy experiments: muon sector example
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4f 10

Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit, Apy from PVES is the key
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Flat direction lifted by low-energy experiments: electron sector example

Bhabha alone is not enough to close the fit, Apy from PVES is the key
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SMEFT global fit: 4f 11

Flat direction lifted by low-energy experiments: tau sector example

T polarization measurement at VENUS is limited by statistics (&£ = 271 pb_l). CEPC at 240GeV
will have better sensitivity with much more statistics (let alone STCF).
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SMEFT global fit: 4f

Flat direction lifted by low-energy experiments: tau sector example

T polarization measurement at VENUS is limited by statistics (&£ = 271 pb_l). CEPC at 240GeV
will have better sensitivity with much more statistics (let alone STCF).
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SMEFT global fit: 4f 11

Flat direction lifted by low-energy experiments: tau sector example

T polarization measurement at VENUS is limited by statistics (&£ = 271 pb_l). CEPC at 240GeV
will have better sensitivity with much more statistics (let alone STCF).
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Q: Projections for CEPC before it is too late? (Already too late?)
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SMEFT global fit: 4f 12

Global fit results: Vff couplings

[0 LEP + SLC + SLD + DO + LHC B +ILC (500 GeV, 1.6+1.6/ab) [ +CLIC (1500 GeV, 2+0.5/ab) I +FCC-ee (365 GeV, 1.5/ab)

I + HL-LHC (14 TeV, 3/ab) I +ILC (1000 GeV, 3.2+3.2/ab) +CLIC (3000 GeV, 4+1/ab) I CEPC (240 GeV, 20/ab)
10_2 Il [LC (250 GeV, 0.9+0.9/ab) [ CLIC (380 GeV, 0.5+0.5/ab) I FCC-ee (240 GeV, 5/ab) B +CEPC (360 GeV, 1/ab) 10_2
10_3 10—3
1074 1074
10_1 10—1
0
(@)
= 1072 1072
o
S5
S 1073 1073
S
1074 1074
10_1 10—1
10-3 10-3
107> bb dd s5 bb =W 107>
6971 69z'r 697 r 697r 6gp

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326
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SMEFT global fit: 4f 12

Global fit results: Vff couplings Luminosity wins (through radiative return)
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B + HL-LHC (14 TeV, 3/ab) B +ILC (1000 GeV, 3.2+3.2/ab) +CLIC (3000 GeV4+1/ab) B CEPC (240 GeV, 20/ab)
10-2 B |LC (250 GeV, 0.9+0.9/ab) [ CLIC (380 GeV, 0.5+0.5/ab) HEl FCC-ee (240 Gey 5/a I +CEPC (360 GeV, 1/ab) 10-2
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SMEFT global fit: 4f 12

Global fit results: Vff couplings CEPC wins due to larger luminosity

[0 LEP + SLC + SLD + DO + LHC B +ILC (500 GeV, 1.6+1.6/ab) [ +CLIC (1500 GeV, y.5/ab) I +FCC-ee (365 GeV, 1.5/ab)

I + HL-LHC (14 TeV, 3/ab) I +ILC (1000 GeV, 3.2+3.2/ab) +CLIC (3000 GeyW 4% 1/ab) I CEPC (240 GeV, 20/ab)
10_2 Il [LC (250 GeV, 0.9+0.9/ab) [ CLIC (380 GeV, 0.5+0.5/ab) I FCC-ee (240 /ab) B +CEPC (360 GeV, 1/ab) 10_2
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SMEFT global fit: 4f

Global fit results: 4¢ couplings

[ LEP + SLC + SLD + DO + LHC

B + HL-LHC (14 TeV, 3/ab)
Bl |LC (250 GeV, 0.9+0.9/ab)

(HL-)LHC and also circular colliders.

. +CLIC (1500 GeV, 2+0.5/ab)
+CLIC (3000 GeV, 4+1/ab)
B FCC-ee (240 GeV, 5/ab)

B +FCC-ee (365 GeV, 1.5/ab)
B CEPC (240 GeV, 20/ab)
B +CEPC (360 GeV, 1/ab)
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Beam polarization is the key in beating the
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SMEFT global fit: 4f

Global fit results: 2¢2q couplings

[0 LEP + SLC + SLD + DO + LHC
BN + HL-LHC (14 TeV, 3/ab)
BN |ILC (250 GeV, 0.9+0.9/ab)

Bm +ILC (500 GeV, 1.6+1.6/ab)
I +ILC (1000 GeV, 3.2+3.2/ab)
I CLIC (380 GeV, 0.5+0.5/ab)

. +CLIC (1500 GeV, 2+0.5/ab)
+CLIC (3000 GeV, 4+1/ab)
I FCC-ee (240 GeV, 5/ab)

BN +FCC-ee (365 GeV, 1.5/ab)
lm CEPC (240 GeV, 20/ab)
mm +CEPC (360 GeV, 1/ab)
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4f 15

Low-energy observables are helpful and even powerful in some cases (say the Moller scattering).

Q: Any other low-enerqgy precision observables?

Yong Du (k-5) CEPC2023, NJU TDLI



4f 15

Low-energy observables are helpful and even powerful in some cases (say the Moller scattering).

Q: Any other low-enerqgy precision observables?

NE2nek = 2.99 +0.34 ANSMB=5% = 0.03 SNIe < 1%

CMB S4 CMB-S4 Collaboratlo Wor.kf.op _ CMB-HD, PICO, CORE

lext Genaration CMB Experiment

We are entering the precision cosmology era.

Yong Du (k-5) CEPC2023, NJU TDLI



SMEFT global fit: 4f

Q: Will Neﬁg help in terms of SMEFT global fit?

A: Probably not since the Universe iS noisy...

Yong Du (4-5) CEPC2023, NJU
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4f 16

Q: Will Neﬁ; help in terms of SMEFT global fit?

A: Probably not since the Universe is noisy...

Doing the exercise anyway, | found 2310.10034, YD

N

€

= 304385 + 3'03784[Cle]1111 + 3.01675[6”]1111 + 3'03606[Cle]2211 + 3'03539[Cle]3311
+3.073715g¢ + 3.039175g<, + 3.026545g5%, + 3.01006 &

cosmo

Ceosmo = LCuli122 + [eylinar + leydiizs + [eylizzt + [eylassn + Leylaszat ey lanan + [eylaoas

+[cyl3333+08y, + dgyy + 68, + 6877
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https://arxiv.org/abs/2310.10034

SMEFT global fit: 4f 16

Q: Will Neﬁg help in terms of SMEFT global fit?

A: Probably not since the Universe is noisy...

Doing the exercise anyway, | found 2310.10034, YD

N

v

= 3.04385 + 3’03784[Cle]1111 + 3’01675[6”]1111 + 3‘03606[616]2211 + 3‘03539[616]3311
+3.073716g,, + 3. 039175gZL + 3.026545g2eR + 3.01006 ¢

cosmo

Ceosmo = LCuli122 + [eylinar + leydiizs + [eylizzt + [eylassn + Leylaszat ey lanan + [eylaoas

+cyl3333+08y, + Ogyy + 08, + 6877,
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https://arxiv.org/abs/2310.10034

4f 17

On the 2d plane, 2310.10034, YD

““““““““““““““
L ~ i
L] \\
~
~
L ~
~
~
~

m Trident

- Neff

= Combined

0.5

| Citl2202

N
N
N
L N
N
N
N
N
— L \\ i
L T | R S S S SO WO Tt S S S W W

Yong Du (k-5) CEPC2023, NJU TDLI


https://arxiv.org/abs/2310.10034

4f 18

Sensitivity to new operators in the tau sector: 2310.10034, YD

Ceosmo = LCuli122 + [eplioar + Leydiizs + Leplizzt + [eylassn + [eylazzatcylanan + [eylanas

+lcplaszst+ogy, + ogy + 8¢y + g7

Z.L
1.0
0.5 2
* A 28y
ﬁ 00 I lc%lzzzz - [Cff]zzzz_l_ 02 + 392 [Cfe]zzzz
X) : 1
05 [6”]2233 ~ [Cff]zzzz + [Cff]2233 + [C”]3333
-1.0
' —-1.0-05 0.0 05 1.0 15
[Cil o0

Yong Du (k-5) CEPC2023, NJU TDLI


https://arxiv.org/abs/2310.10034

< | discussed the global fit of 4f SMEFT operators at future colliders:

Beam polarization is the key to surpass circular colliders in studying 4f interactions;
Luminosity largely wins otherwise for circular colliders;
Tau polarization projections at CECP will be very interesting (already too late?)

R/ @, Y/
%S % o

< Input from precision cosmology enlarges the parameter space in the tau sector:

It improves the fit by a factor of a few in the flavor universal case

It also has the chance to lift the well-known flat direction in the 4u sector
10% sensitivity to the new tau operators can be reached with the inclusion of Neff

R/ 7 R/
DS X I X g






Unfolding

Find the UV models for any operator
and any topology (UVBuilder).

: Which benchmark model for CEPC?

Yong Du (F:5) CEPC2023, NJU

Internal fields

I2

I3

14

I5

HyperCharges

2

Z

5

T3

1

3

2

2

4
3

Gauge information

(SU3, SU2)

{3, 1}

{3, 2}

{3, 2}

{3, 1}

{3, 1}

{3, 1}

{3, 2}

{3, 2}

{3, 1}

{6, 1}

{3, 1}

{3, 2}

{3, 2}

{6, 1}

{3, 1}

{3, 1}

{3, 2}

{3, 2}

{6, 1}

{6, 1}

{3, 1}

{3, 2}

{6, 2}

{3, 1}

{3, 1}

{3, 1}

{3, 2}

{6, 2}

{6, 1}

{3, 1}

{3, 1}

{6, 2}

{3, 2}

{3, 1}

{3, 1}

{3, 1}

{6, 2}

{3, 2}

{6, 1}

{3, 1}

{3, 1}

{6, 2}

{6, 2}

{3, 1}

{6, 1}

{3, 1}

{6, 2}

{6, 2}

{6, 1}

{6, 1}

{6, 1}

{3, 2}

{3, 2}

{3, 1}

{3, 1}

{6, 1}

{3, 2}

{3, 2}

{3, 1}

{6, 1}

{6, 1}

{3, 2}

{3, 2}

{6, 1}

{3, 1}

{6, 1}

{3, 2}

{3, 2}

{6, 1}

{6, 1}

{6, 1}

{3, 2}

{6, 2}

{3, 1}

{3, 1}

{6, 1}

{3, 2}

{6, 2}

{6, 1}

{3, 1}

{6, 1}

{6, 2}

{3, 2}

{3, 1}

{3, 1}

{6, 1}

{6, 2}

{3, 2}

{6, 1}

{3, 1}

{6, 1}

{6, 2}

{6, 2}

{3, 1}

{6, 1}

{6, 1}

{6, 2}

{6, 2}

{6, 1}

{6, 1}

TDLI




Leptoquark model

Lgcet, + AiRice,) Sy + Atgcec't St + h.c.

95% CL limits on the (§,1)% and (§,3)% leptoquark model

L.OF LHC (Dashed: HL-LHC)
CEPCy49 (Dashed: FCC-eepq9) |]
B [LCys9 (Dashed: GigaZ)
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Y-Universal Z’ model

Extend the SM by U(1)_ but without introducing kinetic mixing and off-diagonal
gauge couplings

)
&) 87

A2 gM?

95% CL scale limits on 4-fermion contact interactions from O» g
HL-LHC & | | | | | | | | | | | | | | | | |
ILC250 E This work
ILC500 E [ W ESU ]
ILC1000

CLIC380 E S
CLIC1500 E S —
CLIC3000
CEPC240 E
FCC-ee240 E
FCC-ee365
0 5‘0 | | | | 160 | | | | 1éO

Scale/coupling [TeV]

de Blas, YD, Grojean, Gu, Miralles, Peskin, Tian, Vos, Vryonidou, 2206.08326

Yong Du (k-5) CEPC2023, NJU TDLI



