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Is SM complete, what’s next?

Directly search for BSM
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Z-pole status

Some Z pole observables [PDG2022]

Quantity Value SM prediction
My [GeV] 91.1876 +0.0021  91.1882 + 0.0020
Iz [GeV] 2.4955£0.0023  2.4941 = 0.0009
Ohaa [1D] 41.481 +0.033 41.482 £ 0.008
R. 20.804 + 0.050 20.736 +0.010
Ry 0.21629 + 0.00066  0.21582  0.00002
R. 0.1721 £0.0030  0.17221 + 0.00003
A% 0.0145 +0.0025  0.01617 + 0.00007
AN 0.0996 £0.0016  0.1029 = 0.0002
AR 0.0707 +0.0035  0.0735 +0.0002
A, 0.1498 £0.0049  0.1468 = 0.0003
Ay 0.923 + 0.020 0.9347

A 0.670 + 0.027 0.6677  0.0001

* For A, only LEP 1 results shown here
e Most observables are measured precisely and consistent with theoretical prediction.
e Except A for b-quark, still exist ~ 2 o~ deviation.

o At future lepton colliders, such as CEPC, trillion Z bosons could be produced.
= Opportunity to reveal potential BSM NP with much improved precision.
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SMEFT & dipole operators
Stand Model Effective Field Theory
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* A denotes the new physics scale.
» For scale A > FE,v, the new physics effects around EW scale could be well

approximated by dimension-6 operators.
* 59 (76) dimension-6 operators for 1 generation, usually less than half of them are

concerned on EW/Higgs measurements.

Many global fit analysises are performed
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SMEFT & dipole operators
SMEFT dim-6 dipole operators
(Warsaw basis, 3rd generation quarks)
Oiy = (quo?t'w) HW,,. O3, = @.0""be) o’ HWY,
03 = Lo r) HB,,., 03}, = (qL0*"bg) HB,,.
where, o = 1[y*,y"], Wi, = 0, W, — 0,WV', — gye W, W (similar form of B,,, )
¢ Generally, at the amplitude level Mipole o 71,7/ A?

v

* Top is the exception, its dipole was “pinned down” at LHC:
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C8 =[-1.2,+1.4)(A/ TeV)? and C3, = [-1.9, +1.2](A/ TeV)?
(ttZ]y measurement @ LHC Run2, 95% CL) [M. Schulze, Y. Soreq 1603.08911]
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Zbb dipole could be traced

* Future lepton colliders (CEPC): tremendous amount of events + higher precision
=possible to trace Zbb dipole

+ Effective Lagrangian with dim-6 Zbb dipole operators

4 z z Caw Cup
Ly 2 EZ” (ngbL)’”bL + gRbbRVubR) + FOdW + FOdB + o
SM SM
&b = &pp +081bs  &ro = &ry T OLRp
« Z pole observables « Projections at CEPC
[(Zdd) Quantity CEPC precision Runs
Ry = PAY) Ry 15x 107 (1.5 x 1079) Zpole
_ T(Zot,0)-T(Z-trlR) A, 20 %107 (3 x 107%) Z pole
A= T(Z—(0)
' ) Ay 0.0002 (5 x 107¢) Z pole
I'(z —I'(Z- -
Ay = % cBBIb]  275.64+0.1174 5 = 240 GeV
b 3 App(bb) 0.592 £ 0.0003434 /s = 240 GeV
Ay = 34e4s A
o (bb)[fb] 108.33 + 0.329 Vs = 360 GeV
. Off pole scattering App(bb) 0.602 % 0.002425 Vs = 360 GeV

([in, e 1=[-0.9,0.9], € = 0.15 )

Ab — 9F=0B
FB — op+op [Snowmass arXiv:2205.08553, 2206.08326 |
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Zbb dipole and y>

» For convenience, set A = 1 TeV and only keep real parts of dipole Wilson coefficients
(unit: (A/ TeV)?)

* SMEFTsim package was used to extract dipole coupling and calculate observables
[ Brivio ctal. 2012.11343 ]

ST = ok, (g{PL + g{PR) be
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+ Previous observables on Z pole and off pole scattering were used to construct x>

e=Y(e)

i
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x° constrain analysis

Present Z pole data (PDG) vs CEPC Z pole estimation
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x° constrain analysis

CEPC @ +/s = 240 and 360 GeV
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x° constrain analysis

Combine Z pole & /s = 240 GeV run

68% CL
0.5 Z pole

-----
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CdB

e Cgp =[-0.608,0.599], Caw = [-0.336,0.311]
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Quadratic items effect

e.g. /s =240 GeV run
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Summary
o Small gaps on EW measurements with theory
« Existing Zbb measurements are still not consistent with SM very well (4zg).
* Possible BSM corrections(6gzp, 0grp --.) exist.
¢ SMEFT & dipole
* SMEFT is an effective tool to parameterize BSM effects in the EW scale (model independent).
+ dim-6 dipole operators could also contribute to the small 4rp inconsistency.

* Dipoles are usually overlooked in global fit and other analysises.
Except top (heavy) = #Z/y at LHC = C3}, = [-1.2, +1.4] and C3 = [-1.9, +1.21(A/ TeV)?

o CEPC offers opportunity to trace Zbb dipole

* Pole measurements = only flat constrain.

* Off pole measurement = interference of y and Z diagram = possible closed constrain.

* Quadratic items could have contribution.

+ Our pre-estimation (Z pole +240 GeV ): C3} = [-0.608,0.599], C3}, = [-0.336,0.311](A/ TeV)? .
o More efforts are needed and in progress

* Further combined analysis, distributions ... Tha n k you /

» More off pole analysises at other future lepton colliders ...
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Backups

£9 _yrxH

Qew (lpo" e )a  HW,
QcB (lpo"e,)HB,,,
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[arXiv:2012.11343]

Dipole operators of dim-6 SMEFT in the Warsaw basis.
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Global SMEFT fit

Higgs couplings

Vff couplings Higgs couplings

Vff couplings

precision reach on effective couplings from SMEFT global fit
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EWPOs CEPC

Quantity current | ILC250 | ILC-GigaZ FCC-ee CEPC CLIC380

Aa(mz)™ (x10%) | 17.8* | 17.8* 3.8 (1.2) 17.8°

Amy (MeV) 120 |05 (24) 0.25 (0.3) 0.35 (0.3)
Amy (MeV) 21* | 0.7 (0.2) 0.2 0.004 (0.1) | 0.005 (0.1) 2.1*
Amy (MeV) 170 14 25 (2) 5.9 8
ATy, (MeV) 42° 2 1.2 (0.3) 1.8 (0.9)
AT (MeV) 23° | 1.5(0.2) 0.12 0.004 (0.025) | 0.005 (0.025) | 2.3

CAA(x10% | 1900 |14 (8) | 158 | 07 |
AA, (x10%) 1500 | 82 (4.5) 3(8) 2.3 (2.2)

AA; (x10%) 400" | 86 (4.5) 3(8) 0.5 (20)
A4, (x10%) 2000* | 53 (35) 9 (50) 2.4 (21)
AA. (x10%) 2700° | 140 (25) | 20 (37) 20 (15)

Aol (b)) | s | | 0ms@ | 005() 37
OR. (x10%) 24* | 05(1.0) | 0.2(0.5 | 0.004(0.3) | 0.003(0.2) 2.7
SR, (x10°%) 16 |05 (10)| 0.2(02) | 0.003 (0.05) | 0.003 (0.1) 2.7
SR, (x10°%) 22° | 0.6(1.0) | 0.2(0.4) | 0003 (0.1) | 0.003(0.1) 6
SRy (x10°) 3.0° | 0.4 (L0) | 0.04 (0.7) | 0.0014 (< 0.3) | 0.005 (0.2) 18
OR.(x10°%) 17" |06 (5.0) | 0.2(3.0) = 0.015 (1.5) 0.02 (1) 5.6

Table 3: EWPOs at future ete™: statistical error (experimental systematic error). A

CEPC /5 [GeV] | Final state | £[b] o (] Arp e o] | e
emet 77330.441.937 | 0.9620.00000694 [-().‘L [).‘l] 0.98
H ut 1870.8440.306 | 0.521+0.0001395 . 0. ‘J.')] 0.98

240 o7t 5000 | 1589.15:0.282 | 0.5060.000153 [-0.9, 0.9 0.9
8+0.0683 0.62+0.000574 [-0.9,0.9] |0.03

@

b 275,640,174 | 0.592£0.0003434 | 0.9, 0.9] | 0.15
eet 35147.945.85 | 0.957+0.0000482 | [-0.9,0.9] | 0.98 .
ot 81018409 | 0.4885£0.00097 | [0.95, 0.95] | 0.08 [ArXivi2206.08326]
360 et 1500 | 688.17+£0.83 | 0.474+0.001061 | [09,09] | 0.9
@ 30.22:40.198 | 0.596+0.004056 | [-0.9,09] | 0.03
3 108.33+0.320 | 0.6020.002425 | [0.9,09] | 0.15
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OuB and OuW
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[arXiv:1603.08911]
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x? constrain analysis backup

Present Z pole data (PDG) vs CEPC Z pole estimation
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