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Probing New Physics with Off Z Pole Observables @ CEPC

Background and Motivation

O LEP2 experiment provides abundance of off Z pole measurements (averages of cross

sections and FB asymmetries for eTe™ — ff above Z pole) that constrain the

dimension six (dim-6) four-fermion (4f) operators at the cutoff scale A ~ 10 TeV.
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Background and Motivation

O LEP2 experiment provides abundance of off Z pole measurements (averages of cross

sections and FB asymmetries for eTe™ — ff above Z pole) that constrain the

dimension six (dim-6) four-fermion (4f) operators at the cutoff scale A ~ 10 TeV.

e.g., AT ~ 0 (20) TeV in VV* model for dilepton production

do = dogy + d/+
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Probing New Physics with Off Z Pole Observables @ CEPC

Background and Motivation

O LEP2 experiment provides abundance of off Z pole measurements (averages of cross

sections and FB asymmetries for eTe™ — ff above Z pole) that constrain the

dimension six (dim-6) four-fermion (4f) operators at the cutoff scale A ~ 10 TeV.

do = dogy, + d+ e.g., AT ~ 0 (20) TeV in VV* model for dilepton production

O Off Z pole physics has not yet been studied at CEPC. In the same framework as done

at LEP2, it is interesting to see what cutoff scale can CEPC access for the dim-6 4f

operators.
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Background and Motivation

.Cross Section of process e*e” — ff involving D6 4f OP
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Probing New Physics with Off Z Pole Observables @ CEPC

Background and Motivation

.Cross Section of process e* e~ — ff involving D6 4f ()P
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G(MZ + A,) —o(M, -
G(MZ + A,) + oM, — _)

Ex., Asymmetry w.r.t. above and below Z pole: A
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Background and Motivation

.Cross Section of process ete~ — ff involving D6 4f ()P

N >W<

G(MZ + A,) —o(M, -
G(MZ + A,) + oM, — _)

Y
Mgy = Mg, +

Ex., Asymmetry w.r.t. above and below Z pole: A

Xsec asymmetry off Z pole enhances due to the interference terms: M{, X M & Mo XM &

where the Z propagator has power one and thus the contribution ﬂlpS sign above and below
the Z pole. (Other interference terms also give rise to asymmetry but much less since no flipping of sign)
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O Asymmetries measured in the vicinity of Z pole (above+ & below-)
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Probing New Physics with Off Z Pole Observables @ CEPC

Background and Motivation

‘Proposed Off Z Pole Asymmetry Measurements

O Asymmetries measured in the vicinity of Z pole (above+ & below-)
(M, + A,) — o(M,— A_)
oM, + A,)+o(M;,— A_)

1) Two-sided cross section asymmetries: A =

2) One-sided electron polarization and forward-backward (FB) asymmetries: A;(l)ii, Aé]lg)i

. , oA A+ A (D=
3) Two-sided version of asymmetries in 2).Apol/FB —Apol/FB Apol/FB
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Probing New Physics with Off Z Pole Observables @ CEPC

Background and Motivation

‘Proposed Off Z Pole Asymmetry Measurements

O Asymmetries measured in the vicinity of Z pole (above+ & below-)
(M, + A,) — o(M,— A_)
oM, + A,)+o(M;,— A_)

1) Two-sided cross section asymmetries: A =

2) One-sided electron polarization and forward-backward (FB) asymmetries: Alg(l)ii, A}%)i

3) Two-sided version of asymmetries in 2): AP =AM A

pol/FB pol/FB pol/FB

Finding Cut-off scale reach can be as much as ~ @ (100) TeV
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

UIC

11 four fermion operators
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ion involving D6 4f operator
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Crc ion involving D6 4f operator
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Cross Section & Asymmetry

Crc ion involving D6 4f operator
11 four fermion operators O Cross Sections to Asymmetry
+ p— = pA F(B) |
1 e 9 o, 0o —» Agm
0= 5_(57“ 5) (_%g) lq - (57“ 5) (@7.9) 5Ph P
Oze — % (87“0“5) ( vuaaﬁ) qu — (67"0‘16) (G7.0%q) 0,’ O, F(B)
Oe = (("€) (eyye) Oge = (@7"q) (EVu€) —P Ay
— Le~te) (6 s — (P~HP) (1
Oce = 3 (&7"¢) (Vue) Of;’“ (€7 ‘) (@y,u) O New Physics Signal
Ojq = (t7"€) (dy,d) Ave = 6A = |A, . — Acy|
O, = (evte) (uyuu) NP~ 7 UL R
sa = (ev"e) (dud) "

LEP2 constraints = A ~ 10 TeV

Ofl Ofl qu Oltq Ole Oqe Olu Old Oee Oeu Oed
L ¢, —8.45 —0.35 4.07 828 -223 -50 507 872 -9.17 —11.90 —1.70
Ai A, (10 TeV) | 122 603 176 1.23 237 159 157 1.20 1.17 103  2.72

J.Zhou (UMass Amherst)

CEPC Intl. Workshop, Nanjing Nov. 8, 2021 6




Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry
-Cross Section Asymmetry

O Cross section asymmetry across Z pole:
0, — O_ G(MZ+A+)—6(MZ—A_)

A A_I_ — —
6( _) O+ O_ G(MZ+A+)+0(MZ—A_)
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-Cross Section Asymmetry

O Cross section asymmetry across Z pole:
0, — O_ G(MZ+A+)—6(MZ—A_)

A A_I_ — —
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a) Zpolerun: A, =A_=A
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-Cross Section Asymmetry

O Cross section asymmetry across Z pole:
0, — O_ G(MZ+A+)—6(MZ—A_)

A A_I_ — —
6( _) O+ O_ G(MZ+A+)+0(MZ—A_)

a) Zpolerun: A, =A_=A

b) Zpolerun: A, # A_
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

Cross Section Asymmetry — Symmetric off Z Pole Run

O Symmetric: energy deviation from the Z pole is measured by a single parameter A, = A

10°
oM, + A) —o(M, — A)
oM, + A)+o(M,— A)
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Osm [pb]

10* |
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Cross Section & Asymmetry

Cross Section Asymmetry — Asymmertic off Z Pole Run

O Asymmetric: for a given ¢, the energy deviations from Z pole are A so that As, (6()) =0
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Cross Section Asymmetry — Asymmertic off Z Pole Run
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Cross Section & Asymmetry

Cross Section Asymmetry — Asymmertic off Z Pole Run

O Asymmetric: for a given ¢, the energy deviations from Z pole are A so that As, (6()) =0

oA ONp (MZ (M _) + 20, 3 |
= | |
S |
NP may be enhanced 10° | |
If w/o SM contribution <A ' . -
| AL
o (My+ A,) = o5y (My— A_) 102 ‘
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

Cross Section Asymmetry — Symmetric off Z Pole Run
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Cross Section & Asymmetry

Cross Section Asymmetry — Symmetric off Z Pole Run
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Cross Section & Asymmetry

Cross Section Asymmetry — Symmetric off Z Pole Run
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-Pll‘iZ in AINC Fl‘Wl‘-B le‘ A MNCELr

a) One-sided:

o (Vi) e (Vi)
Aol/FB (\/_) B i (\/E) o (\/E) ’ (+,-) = (L,R), (K B)

b) Two-sided:

A0y () = AL (M, +8,) = 4D (M=)
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Cross Section & Asymmetry

-Polarization Asymmetry — Two-sided

Assuming A, = A 5A]§§i vs A
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Probing New Physics with Off Z Pole Observables @ CEPC

Cutoff Scales in New Physics Asymmetry Signal

O A simple estimate of scale dependence in Axp

a) For xsec, one-sided pol/FB Asymmetries:

O0q\; + OONp  OOg)\
ANp = |ASM+NP ~ ASM| = ~ ~
OsM T ONp OSM
. . OONp N
b) For two-sided pol/FB Asymmetries: Axp & (s +) — (s_)
OsM OsM

) S TSR Sia

tShorthand notation: 6; =0, . + 0, _, 00, =0;, —0;_, 1= SM,NPj
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Cutoff Scales in New Physics Asymmetry Signal

O A simple estimate of scale dependence in Axp
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/ A2
NP asymmetry signal with new cutoff scale A'yields = ANP ~—
Nne o A
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Cutoff Scales in New Physics Asymmetry Signal

O A simple estimate of scale dependence in Axp

a) For xsec, one-sided pol/FB Asymmetries:
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NP asymmetry signal with new cutoff scale A'yields =
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Probing New Physics with Off Z Pole Observables @ CEPC

Cutoff Scales in New Physics Asymmetry Signal

O Constraints for cutoff scales by projected precision

/
Np 5Aexp

PR - PR - PR - . L= g = L - _
o ’ PIORNDV, I - S N ® e o e o e e g c W TPV xR e P e Ll o e o o e —

A Anp 0 Anp |
| Cutoff scale enhancement: N = — = \ =4/—, 0= v

A\

o O ama g —ol _ai D il x4 sl . Lo o ama ST A S e
= - =L - A
=
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Cutoff Scales in New Physics Asymmetry Signal

O Constraints for cutoff scales by projected precision

/
Np 5Aexp

n-o level projected sensitivity

PR - PR - PR - . L= g = L - _
o ’ PIORNDV, I - S N ® e o e o e e g c W TPV xR e P e Ll o e o o e —

| Cutoff scale enhancement: N = — = \ =

A\

o O ama g —ol _ai D il x4 sl . Lo o ama ST A S e
= - =L - A
=

Example at 2-o level,(/
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BSM Sensitivities

-New Physics Sensitivity withc ematic Uncertaintie
L : # of events
O Statistical uncertainty Pal
N, N_ ¥ integrated luminosity

OA 0 = 2

stat

\(ve+n)

2 0,0_
Equal luminosity assumption X, = X, 0Agu = = \/(
0
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BSM Sensitivities

-New Physics Sensitivity withc ematic Uncertaintie
L : # of events
O Statistical uncertainty Pal
N, N_ —V integrated luminosity

OA 0 = 2

stat

\ (N, + N_

2 0.0
Equal luminosity assumption X, = X() OA, = = \/
0

CEPC off and on Z pole runs Z mass scan
v/ (GeV) Luminosity (ab™1)

87.9 0.25
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity withc omatic Uncertaintie

# of events

O Statistical uncertainty A
N,_N_
OA (. = 2

\ (N, + N_

2 0.0
Equal luminosity assumption X, = X() OA, = = \/
0
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stat

(0+ + 0_)3
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity withc omatic Uncertaintie

# of events

O Statistical uncertainty A
N,_N_
OA (. = 2

\ (N, + N_

2 0,0_
Equal luminosity assumption X, = X; 0Aqu = \/

—V¥ integrated luminosity

stat

m (a+ + 0_)3

CEPC off and on Z pole runs Z mass scan
V/5(GeV) Luminosity (ab~!) | BUFHA Two-sided: Xy = 0.5ab™"
—— >

87.9 0.25 | )
C One-sided: X, = 1 ab 1
90.2 0.25
01.2 7 N f | ] :
) 0.25 Investigation What X the room for scale enhancement:
NP
94.3 0.25 0 = vs A, o
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CEPC CDR Vol 2 (2018)
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physi ensitivity withg omatic Uncertaintie
G(MZ+A)—0(MZ—A)
G(MZ+A)+0(MZ—A)

O Xsection asymmetry — symmetric off Z pole run: A" =

7 70
o |
5
Iz 8
< 4 <
O o
~— ~—
Ay 3 F aw
Z. Z.
< <
2 |
11 eTe” — utu ete” — jj
—  §AY™ py O — §A™ by O,
0 ' .
0 2 4 6 38 10 0 2 4 6 38 10
A [GeV] A [GeV]
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physi ensitivity withg omatic Uncertaintie
G(MZ+A)—0(MZ—A)
G(MZ+A)+0(MZ—A)

O Xsection asymmetry — symmetric off Z pole run: A" =

ANP/ 5Astat

_|__

1| - eTe” — utu e

e'e — 1

— SAY™ by O},

— JA" by O

8 10 0 2 4

§) §) 8 10
A [GeV] A [GeV]
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity withce amatic Uncer

}‘
i ©
-
e ©

. . ) 42
O Polarization asymmetry — one(two)-sided: AliEOi’ A;Of

12 I I I I I 80
— oOhe-sided - - two-sided — ohe-sided - - two-sided
70 |
10 | O,:e e — utpu : Ol’;: ete” — jj

60 |

50 ¢

40 |

ANP/ 5Astat

30

20

10 |

0

—4 —2 2 4

0
A [GeV]
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BSM Sensitivities

Probing New Physics with Off Z Pole Observables @ CEPC

-New Physics Sensitivity withc ematic Uncertainti
O Improved cut-off scales (TeV) at £3 GeV off Z pole at 1-c level *
A A A0 AL A A
s | 32 (18,17) 26 (29,-) 31 (28, -) 29 (29,-) 29 (32,15) 25 (23,15) 27 (28,18)
s |54 (—,-) 50 (57,-) 47(41,-) 48(50,-) 53 (28,-) 52(22,-) 52 (25, )
Of, | 99 (28,24) 88(99,13) 90 (80, ) 89 (91,16) 53 (28,-) 52 (22, ) 52 (25, )
O | 40 (25,-) 48 (51,-) 41 (34,-) 45 (44,-) 32(33,-) 38(30,-) 35 (32,-)
Oce | 48 (—,—) 50 (52,—) 57 (46,-) 53 (50,—) 56 (28,—) 59 (22,—) 58 (25, —)
O | 38 (—,—) 39 (44,-) 30(27,-) 35(37,-) - — —
Ow | 33(—,-) 34(38-) 26(23,-) 30(32,-) 28(14,-) 25(—,—) 27(-,-)
Oce | 25 (15,14) 23 (25,-) 33 (27,-) 28 (26,—) 22(24,-) 21 (19,13) 21 (22,14)
Ouw | 34 (=, =) 31(32,—) 45(36,—) 38(35,—-) - _ _
Oed ( ) _(287_) 39 (32’_) 33 (30’_) ( ) ) _(_7_) _(_’_)

J.Zhou (UMass Amherst)

+ Numbers in orange & gray will be explained later

CEPC Intl. Workshop, Nanjing
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity withc omatic Uncertaintie

O Improved cut-off scales (TeV) at £3 GeV off Z pole at 1-c level *

Ay Apol_ Apar’ Ase) App_ Apdt A

s | 32 (18,17) 26 (29,—) 31(28,-) 29 (29,-) 29 (32,15) 25 (23,15) 27 (28,18)

s |54 (—,—) 50(57,-) 47(41,-) 48(50,-) 53 (28,-) 52(22,-) 52 (25, )
Of, [(99 )28,24) 88 (99,13) 90 (30,-) 89 (91,16) 53 (28,-) 52 (22,—) 52 (25, )
Ow | 40 (25, —) 48 (51,-) 41 (34,-) 45 (44,—) 32(33,-) 38(30,-) 35 (32, -)
Ogp | 48 (—,-) 50 (52,—) 57 (46,-) 53 (50,—) 56 (28,-) 59 (22,-) 58 (25, )
Ow | 38 (—,—) 39(44,-) 30(27,-) 35(37,-) - ~ _
Ow | 33(—,-) 34(38-) 26(23,-) 30(32,-) 28(14,-) 25(—,-) 27(-,-)
Oee | 25 (15,14) 23 (25,-) 33 (27,-) 28(26,—) 22 (24,-) 21 (19,13) 21 (22,14)
Ocu | 34 (—,—) 31(32,-) 45(36,-) 38(35,-) - - ~
Oeq | 30 (_7_) _(287_) 39 (32’_) 33 (30’_) ( ; ) _(_7_) _(_’_)

+ Numbers in orange & gray will be explained later
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

.New Phvsics Sensitivitviwith)Svstematic Uncertaintie

O Estimate systematic uncertainties

Linear expansion on variables {x;} /'
8ASM
)

0A ¢ | X;
For independent {0x;} 0Ay = Z t0t< ’O> OX;

\ i ox;
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

.New Phvsics Sensitivitviwith)Svstematic Uncertaintie

O Estimate systematic uncertainties

Linear expansion on variables {x;} /'
8ASM
Asm (%)) = Asm ({x:0)) + Z 0X;,  X; = X;o + OX;
_energy
2 _" */_ luminosity

0A,. (X; Nl

For independent {0x;} 0Ay = Z to;< ’O> OX; t Z pole mass
Ve R
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

.New Phvsics Sensitivitviwith)Svstematic Uncertaintie

O Estimate systematic uncertainties

Linear expansion on variables {x;} /'
aASM
Asm (1x}) = Agm ({xi0)) + Z 0X;,  X; = X; o+ OX;
_energy
2 _" */_ luminosity
0A, (X; Nl
For independent {0x;} 0Ay = Z to;< ’O> OX; {‘ Z pole mass
Ve -

Anp
0A

Scale enhancement indicated by 6 =
stat+sys
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

.New Phvsics Sensitivitviwith)Svstematic Uncertaintie

O Estimate systematic uncertainties

Linear expansion on variables {x;} /'
8ASM
Asm ({x}) = Asm ({xi0}) + Z 5Xi» X; = X; ot 0X;
_energy
2 _" */_ luminosity
For independent {0x;} 0Ay = Z t0t< ’ ) OX; = Z pole mass

T\ o N\
ANP :
0A

Scale enhancement indicated by 6 = Are systematics significant?

stat+sys
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi oNSItIvi m omatic Uncertaintie

O Estimate systematic uncertainties

Linear expansion on variables {x;} /'
8ASM
Asm ({x}) = Asm ({xi0}) + Z 59% X; = X; ot 0X;
energy
2 _" */_ luminosity
For independent {0x;} 0Ay = Z tOt( ’ ) OX; = Z pole mass

\ i 0x; .\ :

ANp
0A

Scale enhancement indicated by 6 = Are systematics significant?

stat+sys

[WE[eEINell [cscaling factor 0A.,/0A. Fsys
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BSM Sensitivities

-New Physi

O Achievable precision at CEPC and FCC-ee vs LEP

Probing New Physics with Off Z Pole Observables @ CEPC

CNSIUIVI

with

CEPC FCC-ee LEP
0A (MeV) 0.1 0.1 1.7
0X/X (%) 0.01 0.01 0.034
Mz (MeV) 0.5 0.1 2.1
o'z (MeV) 0.5 0.1 2.3

J.Zhou (UMass Amherst)

CEPC Intl. Workshop, Nanjing
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i
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v ©
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»

Nov. 8, 2021

A0,



Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity with omatic Uncertaintie¢

O Achievable precision at CEPC and FCC-ee vs LEP g .
0. sec asymmetry (symmetric)

CEPC FCC-ee LEP — AMwtem) == ATT()
0A (MeV) 0.1 0.1 1.7
6X/X (%) | 0.01  0.01  0.034 5
0Mz (MeV) | 0.5 0.1 2.1 j
0I'z (MeV) | 0.5 0.1 2.3 <
Eﬁ
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physi onSitivi

with omatic Uncertaintie

O Achievable precision at CEPC and FCC-ee vs LEP

Polarization & FB asymmetries

1.04
— A () o ARty At ) AR ()
CEPC FCC-ee LEP oo | LT ANe) - aw B — AR
5A (MeV) 0.1 0.1 1.7
% 1.00 brererererememememe———o—oor :W
5X/X (%) | 001 001 0.034 e S
@ ~~‘:FJDE%%JF |||||II""|| ‘ +J;++JL’
5My (MeV) | 0.5 0.1 2.1 & 098 | LAl
L \\++++ +++,
(SPZ (MeV) 0.5 0.1 2.3 ~ 0.96 | v {/
< +-|— -|—+
ﬂ:ﬁ \‘\++ o
0.94 | SR
< \\ Pt ,/I
0.92 N
0.90 ' ' '
-4 —2 0) 2 4
A [GeV]
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BSM Sensitivities

-New Physi

Probing New Physics with Off Z Pole Observables @ CEPC

CNSIUIVI

with

1T d

ic Un

O Achievable precision at CEPC and FCC-ee vs LEP

1.04

CI'Ld

in

i

Polarization & FB asymmetries

CEPC FCC-ce LEP - A i
1.02 } ’ P
SA (MeV) 0.1 0.1 1.7
2100 b . |
JX/ X (%) 0.01 0.01 0.034 : i‘HjJrfrJerth by, |||||L||1||JIU'“ILIILI ++++ﬂ+i+ﬁ+i+ﬂ
oMz (MeV) | 0.5 0.1 2.1 ose | S
or', (MeV) 0.5 0.1 2.3 % 0.96 | \\t++++ ++++,',
T A +,'
E 0.94 \\\+++++++++++J:II
: 0.92 |
O Rescaling factors for asymmetry measurements
0.90 ' . .
+3 GeV off Z pole at 1-o level » . X : .
sym I)— 1)+ 2 T)— )+ 2 A 1GeV
ASY A% A% A2 AD A A [GeV]
ptp~ | 052892  0.99977 0.99995 0.99999 0.99411 0.99570 0.99885
jji | 0.30440 0.99175 0.99473 0.99862 0.99851 0.99897 0.99973

A0,

J.Zhou (UMass Amherst) Nov. 8, 2021
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physi onsitivity with om

}Q
vl
-
-1
}A
e ©
-
el ©

O Theoretical uncertainty

tf

I

[. Dubovyk et al.
Phys. Lett. B 783, 86-94 (2018)
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity with omatic Uncertaintie¢

O Theoretical uncertainty

tf

I

T ** * 4 |75 0.31%

[. Dubovyk et al.
Phys. Lett. B 783, 86-94 (2018)

Numeric codes for HO corrections: ZFITTER, TOPAZo, KKMC, ...

J.Zhou (UMass Amherst) CEPC Intl. Workshop, Nanjing Nov. 8, 2021 21



Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity with omatic Uncertaintie¢

O Theoretical uncertainty

tf

I

T ** * 4 |75 0.31%

[. Dubovyk et al.
Phys. Lett. B 783, 86-94 (2018)

Numeric codes for HO corrections: ZFITTER, TOPAZo, KKMC, ...
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity with amatic Uncer

pa

e ©

-

e ©
»

O Theoretical uncertainty

16
— At ) = A () App (b)
14 H -- A7"(09) Ap(il)(]]) * % Aé%)(u+u_)
. . . . . . L+ - 2) /17
Uncertainties in theoretical predictions - A ) Ay AR
e AL ()

A (M) . M, M,
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BSM Sensitivities

Probing New Physics with Off Z Pole Observables @ CEPC

-New Physics Sensitivity with ematic Uncertainti¢
O Improved cut-off scales (TeV) at £3 GeV off Z pole at 1-c level *
A A A0 AL A A
s | 32 (18,17) 26 (29,-) 31 (28, -) 29 (29,-) 29 (32,15) 25 (23,15) 27 (28,18)
s |54 (—,-) 50 (57,-) 47(41,-) 48(50,-) 53 (28,-) 52(22,-) 52 (25, )
Of, | 99 (28,24) 88(99,13) 90 (80, ) 89 (91,16) 53 (28,-) 52 (22, ) 52 (25, )
O | 40 (25,-) 48 (51,-) 41 (34,-) 45 (44,-) 32(33,-) 38(30,-) 35 (32,-)
Oce | 48 (—,—) 50 (52,—) 57 (46,-) 53 (50,—) 56 (28,—) 59 (22,—) 58 (25, —)
O | 38 (—,—) 39 (44,-) 30(27,-) 35(37,-) - — —
Ow | 33(—,-) 34(38-) 26(23,-) 30(32,-) 28(14,-) 25(—,—) 27(-,-)
Oce | 25 (15,14) 23 (25,-) 33 (27,-) 28 (26,—) 22(24,-) 21 (19,13) 21 (22,14)
Ouw | 34 (=, =) 31(32,—) 45(36,—) 38(35,—-) - _ _
Oed ( ) _(287_) 39 (32’_) 33 (30’_) ( ) ) _(_7_) _(_’_)

J.Zhou (UMass Amherst)

CEPC Intl. Workshop, Nanjing

+ orange — including HO w/o its uncertainty; gray — including HO w/ its uncertainty

Nov. 8, 2021

23



Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

New Physi ansitivity with omatic Uncertaintie¢

O Improved cut-off scales (TeV) at £3 GeV off Z pole at 1-c level *

Ay Apo Aj A App App’ App

S| 32 (18,17) 26 (29,-) 31 (28,-) 29(29,-) 29 (32,15) 25 (23,15) 27 (28,18)

s |54 (—,-) 50 (57,-) 47 (41,-) 48(50,-) 53 (28,-) 52(22,-) 52(25-)
Of | 99 (28,24) 88((99,)13) 90 (80,-) 89 (91,16) 53 (28,-) 52 (22,-) 52 (25, -)
Oi | 40 (25,—) 48 (51,-) 41 (34,-) 45 (44,-) 32(33,—) 38 (30,-) 35(32,-)
Ope | 48 (=, -) 50 (52,-) 57 (46,-) 53(50,-) 56 (28, ) 59 (22,-) 58 (25, )
Ow | 38(—,-) 39(44,-) 30(27,-) 35(37,-) - ~ -
Ow | 33(—,-) 34(38,-) 26(23,-) 30(32,-) 28(14,-) 25(—,-) 27(-,-)
Oce | 25 (15,14) 23 (25,—) 33 (27,-) 28(26,—-) 22 (24,-) 21 (19,13) 21 (22,14)
Ocw | 34 (—,—) 31(32,-) 45(36,-) 38(35,-) - = =
Oed ( ) _(287_) 39 (32’_) 33 (30’_) ( ) ) _(_7_) _(_’_)

+ orange — including HO w/o its uncertainty; gray — including HO w/ its uncertainty
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Probing New Physics with Off Z Pole Observables @ CEPC

Conclusion

O We consider several types of asymmetry measurements designed to enhance BSM
sensitivity under projected precision at future lepton colliders (e.g., CEPC).
(a) two-sided cross section asymmetries A
(b) one- and two-sided initial-state polarization and FB asymmetries Alg(l)iz) : Al%z)

O The two-sided asymmetries should have the BSM sensitivities enhanced due to flipping
sign across Z pole for the SM-BSM interference contribution, and may have them further

enhanced when the SM contributions are completely cancelled (in asymmetric off Z pole

run).

J.Zhou (UMass Amherst) CEPC Intl. Workshop, Nanjing Nov. 8, 2021 24



Probing New Physics with Off Z Pole Observables @ CEPC

Conclusion

O In practice, the enhancement due to cross section asymmetries is limited by the systematics

(mainly from luminosity), unlike that due to polarization and FB asymmetries.

O The one-sided polarization and FB asymmetries tend to provide the most enhanced BSM

sensitivities in comparison with the two-sided ones in symmetric off Z pole run.

O The cutoff scale of up to @ (100) TeV may be accessible with completion of higher order

corrections and their uncertainties being significantly advanced.

J.Zhou (UMass Amherst) CEPC Intl. Workshop, Nanjing Nov. 8, 2021 25






Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-Asymmertic off Z Pole Run

O Asymmetric: for a given ¢, the energy deviations from Z pole are A so that As, (6()) =0

5 ' ' L
07 teter=2Z/y—jj—
= 4
_ 2 1 |
* Intermediate observable ¢, é
» Experimental measurements A 10° ¢ | °0 -
* Theoretical guidance i "
| A_| Ay
10° ' ' ’

60 70 80 90 100 110 120
V5 [GeV]
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-Cross Section Asymmetry —

6A_ x10*

5AG VS UO
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J.Z. (UMass Amherst)
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

o o
Cross Section Asymmetry — Asymmertic off Z Pole Run
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-Polarization Asymmetry — One-sided

1
SAW) vs A
pol
8 I I | | | 7] 12
\\ - Olsq Old Oeu
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-Polarization Asymmetry — One-sided

1
SAW) vs A
pol
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

One-sided

5A§3) vs A

10

0
A [GeV]
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

One-sided

5A§3) vs A

10

0
A [GeV]
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-FB Asymmetry — Two-sided

Assuming A, = A 5Al%) vs A

(5AF(]23) %10*

5141?(]23) %10*
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

-FB Asymmetry — Two-sided

Assuming A, = A 5Al%) vs A
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physics Sensitivity withc ematic Uncertaintie
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

-New Physics Sensitivity withc ematic Uncertainti
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