Global fit with operators in W/Z-pole and 4-fermion

Yong Du

email: yongdu@itp.ac.cn

CEPC2021, Nanjing, Nov 9, 2021

In collaboration with Jorge de Blas, Christophe Grojean, Jiayin Gu,
Michael Peskin, Junping Tian, Marcel Vos, Eleni Vryonidou



mailto:yongdu@itp.ac.cn

Number of operators is large, but usually it is ©(10) if focusing on specific sectors
(will see specific examples shortly).

In this talk, | will present our preliminary results from Z/W-pole observables and with
the inclusion of 4-fermion operators from a personal view.

The big picture of this ongoing project? See, for example, Jiayin’s recent talk
@ILCX2021
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Overview

Number of operators is large, but usually it is ©(10) if focusing on specific sectors
(will see specific examples shortly).

In this talk, | will present our preliminary results from Z/W-pole observables and with
the inclusion of 4-fermion operators from a personal view.

The big picture of this ongoing project? See, for example, Jiayin’s recent talk
@ILCX2021
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14:18  Global measurement for Higgs 18’
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Speaker: Gang Li (IHEP)

Speaker: E¥ 5 (I TIHBEKE)
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16:44 H125 coupling measurement: what to expect and what can we do with it 22’
Speaker: Prof. Shinya Kanemura (University of Toyama)

17:06 Top yukawa couplings and related EFT at 360 GeV 22’
Speaker: Zhen Liu (FNAL)

Yong Du 1 ITP CAS


https://agenda.linearcollider.org/event/9211/contributions/49499/attachments/37560/58854/ees6.pdf

Overview

Number of operators is large, but usually it is ©(10) if focusing on specific sectors
(will see specific examples shortly).

In this talk, | will present our preliminary results from Z/W-pole observables and with
the inclusion of 4-fermion operators from a personal view.

The big picture of this ongoing project? See, for example, Jiayin’s recent talk
@ILCX2021

14:00 Anomalous HZZ, HWW couplings 18’ 10:30  Towards complete two-loop EW e+e- to ZH 30’
Speaker: Tomohisa Ogawa (KEK), (k) Speaker: Dr. Qian Song (University of Pittsburgh)

14:18  Global measurement for Higgs 18’

. 12:00 Use machine learning to study aQGCs 30'
Speaker: Gang Li (IHEP)

Speaker: E# ¥ (I TIHEKRE)

16:00 Higgs bosons below 125 GeV at CEPC 22’
Speaker: Tania Robens (R)

(Not covered)

16:22  Theory precision for CEPC Higgs measurements 22’
Speaker: Sebastian Passehr (RWTH Aachen University)

16:44 H125 coupling measurement: what to expect and what can we do with it 22’
Speaker: Prof. Shinya Kanemura (University of Toyama)

17:06 Top yukawa couplings and related EFT at 360 GeV 22’

Speaker:  Zhen Liu (FNAL) Barklow et al, PRD 97, 053003 (2013), Di Vita et al, JHEP0R2(2018)178
Han and Skiba, PRD 71, 075009(2005), de Blas et al, JHEP12(2019)117
Ethier et al, 2105.00006, Vryonidou and Zhang, JHEP 08 (2018)036

Yong Du 1 ITP CAS


https://agenda.linearcollider.org/event/9211/contributions/49499/attachments/37560/58854/ees6.pdf

Overview

Question:

Why 4-fermion operators?

Short answer: It has not yet been done for future colliders.
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Overview: PVES

Parity-violating electron scattering (PVES) has played an essential role in
establishing the SM.

14:00 AFB measurement at hadron colliders & weak mixing angle at CEPC 25’
Speaker: &% %% (University of Science and Technology of China)
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Overview: PVES

Future prospects Aleksejevs et al, 2011, 2012, 2015
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OVE I'V i eW . PVES LO: Derman and Marciano, 1979

NLO: Czarnecki and Marciano, 1996

NNLO: YD, Freitas, Patel, Ramsey-
>®< m Musolf, PRL 2020

(a) (b)
>/OWO< >\AA/@ (€)
() (d)
Quantity Contribution (x1073)
Sy )
1-4 sin“Oy, +74.4 A Q e
AQ%, —29.0 W (2,9)
AQ%y 1 0) +3.1 I Number of loops
AQY 0 —0.1810904 j: Number of closed fermion
AQw .1 +1.18%0015
AOQ% 0 40.13 (estimate)

AQWaa) T ACQW@1 = 1.00Z5005 x 1073
AoxpQS = 1.1 x 1077
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Overview: CKM unitarity

Super-allowed 3 decay or free neutron decay

Towner & Hardy, 2015
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Overview: CKM unitarity

Super-allowed 3 decay or free neutron decay

Towner & Hardy, 2015
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Seng, Gorchtein, Patel, Ramsey-Musolf, PRL 2018
Seng, Gorchtein, Ramsey-Musolf, PRD 2019
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Overview: CKM unitarity

Current status: * in progress, with Michael Ramsey-Musolf, Jia Zhou

> > >

Trivial and not necessary.

> > > >

Remaining: Non-trivial Wy boxes on the quark line.
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Overview

What in common for PVES and neutron decay? 4-fermion operators!
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Overview

What in common for PVES and neutron decay? 4-fermion operators!

PVES

O,, = jf; <LZ;///> (é;/”e)

Ignore flavor indices. Left-right symmetric
model

AMoller > 10 ~ 50 TeV

The MOLLER collaboration, 1411.4088
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Overview

What in common for PVES and neutron decay? 4-fermion operators!

PVES Neutron decay

(3)
_ Cfe ) —_ 3 _
O =~ (mz) (2r%e) o= <’% zf> (ar2'q)

Ignore flavor indices. Left-right symmetric Ignore flavor indices. Lepto-quark model
model

AMoller > 1) 50 TeV A" > 0(10) TeV

The MOLLER collaboration, 1411.4088
Yong Du
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Overview

Including our recent three papers (neutrino oscillation + N & + CEVNS)
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ABSTRACT: We investigate the prospects of next-generation neutrino oscillation exper-
iments DUNE, T2HK and JUNO including TAO within Standard Model Effective Field
Theory (SMEFT). We also re-interpret COHERENT data in this framework. Considering
both charged and neutral current neutrino Non-Standard Interactions (NSIs), we analyse
dimension-6 SMEFT operators and derive lower bounds to UV scale A. The most powerful
probe is obtained on Ojedq,,,, With A 2 450 TeV due to the electron neutrino sample in
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Overview

Questions:

Why 4-fermion operators?

So the long answer is: Great potential in exploring new physics
indirectly. More importantly, we have many experiments for them.
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Overview

Questions:

Why 4-fermion operators?

So the long answer is: Great potential in exploring new physics
indirectly. More importantly, we have many experiments for them.
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Ove rv i ew 20:05 Overview of the CEPC 25’

Speaker: Haijun Yang (Shanghai Jiao Tong University)

_ 20:30 CEPC Higgs Physics Opportunities after the HL-LHC 30’
Questions: Speaker: Sven Heinemeyer (IFT (CSIC))
21:00 Status and Perspectives of the FCC 30’
Whv 4-fermion Operators? Speaker: Dr. Frank Zimmermann (CERN)

So the long answer is: Great potential in exploring new physics
indirectly. More importantly, we have many experiments for them.
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Framework

This ongoing project is devoted to a global fit of 4-fermion operators for
future colliders.
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Framework

This ongoing project is devoted to a global fit of 4-fermion operators for
future colliders.

ffzg —eA, Z 0, <f5Mf+fCUﬂfc> + g,G¢ Z <f5ﬂTaf+fcaﬂTaf‘c>

feu,d,e feu,d

8 __ __ __
+=L <W;uaﬂ <V+ 5g2%1> d + W;uaﬂégg]qdR + Wiis, (1+5g") e+ h.c. >

V2

R B A G R v VA WA G TR v

feu,d,e,v feeu,d e

my, — (1 + om)my,

Extra corrections to both Z/W-pole observables and fermion-pair production.

LHC Higgs Cross Section Working Group, 2017
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One flavor (I =1...3) Two flavors (I < J =1...3)
055 IIII = % (é[()‘lug]) (615'“6]) :OM:IIJJ = (615'“5[) (é]gugj)
[Oée]nn — ( ngl) ?Uué?) :OM:IJJI (élgugJ) (KJUMKI)
Otelrryr = ( IUMZI) (e5ouey)

Oeelrrrr = % (e70.€7) (e70u€7) | [Orel y711 = ( JO-MZJ) (e70,.€7)
;OEG:IJJI ( IUMKJ) (€50.€7)

Ocelrryg = (efoue]) (€50,€5)

Extra corrections to fermion-pair production

*Currently only flavor-conserving observables/operators are included in our fit.

LHC Higgs Cross Section Working Group, 2017
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Input

G, = 1.1663787 x 1075 GeV2

m, = 91.1882 GeV

1
~127.952

a(my)
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Observables: LEP-Z, W

Z-pole observables W-pole observables
1—‘Z’ Ohads Re,,u,r’ Al(:)]’g{ eHT) mW’ 1_‘VV
FB 4 FB
Rba RC, Ab 9AC Br(W o fl/)
ApALA,
Ap A, Ry
Ay, A, Ra
A, (SLD)
R,. (PDG)

Yong Du 14 ITP CAS



Observables: LEP-Z, W

Z-pole observables W-pole observables
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FB 4 FB
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Observables: LEP-Z, W

Z-pole observables

Yong Du

0,{e,u,7}
1—‘Z’ Ohads Re,u,r’ AFB
FB , FB
Rb, RC, Ab ’ AC
A, Aﬂ, A,
ALA,
Ay, A,
A, (SLD)
R .(PDG)
d
8y4 (DO)
15:15
Speaker: Dr. Johann Usovitsch (Mainz University)
11:00 SMEFT at Z pole 30’
Speaker: Jia Zhou (UMass Amherst)
11:30 Z-mass measurement at CEPC 30’

Electroweak precision pseudo-observables at the e+e— Z-resonance peak 25’

Speaker: LI Gang ( EPC.IHEP )
14

W-pole observables

myy, Ly
Br(W — £v)
Ry
R

O
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Strategy: exemplified by pole observables

tree + loop

o

M, = Mg+ 2Re (Mgl ) + M

Mg+ 2Re (MM ) + O (258, 68°)
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Observables: LEP-Z, W

Fermion-pair production: Bhabha scattering for example

(3) e e »e-e*

do

dcos @

(Bhabha)

+ ——‘T { (c 200 [@j{]‘m + [Cle]uu[mlc]m\ + [C et]lu\[me¢ “"}
v ® ® @

Accidental flat direction for unpolarized beams at LEP lifted by PVES (SLAC-E158)
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Observables: LEP-Z, W

Fermion-pair production

oleTe™ > utu™), opgleTe™ > upu")

— Flat direction lifted by (E)ﬂe_ (CHARM-II)

olete™ > 1717), opgle’e™ - 7717)
GF from 7 decay (PDG)

Michel parameters from polarized muon decay (PSI)

— Michel parameters from polarized tau decay with upgraded
SuperKEKB (Banerjee and Roney'’s talk at EF04 meeting last Friday)
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Setup validation
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Observables: CEPC

Yong Du

CEPC CDR

de Blas, Durieux, Grojean, Gu, Paul, JHEP 2019

(1073) L/S | CEPC | (10-3) | L/S CEPC
Mz GeV) |21 |05 | A |143 —
Tz (GeV) |23 |05 |A,** [1020 |—
Ohad (nb) | 37.0 | 5.0 AF* 102.0 —
R, 241 |06 |R |: 306 |02
R, 159 |01 |R, 17.4 1.13
_____________________ R EEEEE EREEE
B ] 217 102 |4 | 155 |10 |
0, 0,
Arg | 1540150 | Agp | 475 ) 308
0,
Avs | 801 130 |4 24 |
0,7
Arg | 1048150 A (404 &
A" 33.3 | — Ag 97.3 —
A* 29.2 | — source: | [60, 101] | [69]
19
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Results: Vertex only

0.20
1 LEP

0.15 1 CEPC

0.10+
0.051

0.00- R R B S N T TR PR DR

—0.057

—0.101

—0.15+

—0.20

691w 59L we 59L Wi 59L1,1Ze 59L Ze 59L Ze 59R Ze59R Ze 59R Ze ‘59L Zu 59L Zu 59L Zu 59R Zu59R Zu 59L1,1Zd 59L Zd 59L Zd 69/%,1Zd59R Zd59R g OM

* No flavor assumption
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Correlation matrix: Vertex only
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Correlation
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Yong Du
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matrix: Vertex only
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Results: Vertex + 4f

0.20
+ LEP

0.151 } cepc
0.10

0.051

R Tl R R B B BT

—0.05/

—0.10

—-0.15 ‘
591_ wi 59L wie 595,3W/z 59L Ze 59L Ze 59L Ze 59R Ze 59R Ze 59R Ze 59L Zd 59L Zd 59L Zd 59R Zd 59R Zd 59R Zd 59L Zu 59L Zu 59L Zu

0.27  } LEP
+ CEPC
0.1;
O_O-~|~—— - — - = - = - = -I——-— -I—+ -I—+ -I—+ -I—+ —|—+ E s - = + 4+ -I—-I— -+ & —I——l—
—-0.1
—0.21
-0.3

1111 1111 1111 1221 1122 1122 2211 1122 1331 1133 ~1133+3311 ~1133 2332 1221 1221
59R Zu 59R zu  Cu Cie Cee Cip Ciy Cie Cie Cee Ciy Ci ™ Cie Cee Ci Imc;g<~ Recyg

* No flavor assumption
Yong Du 23 ITP CAS



Results: Vertex + 4f

0.20
+ LEP

0.151 } cepc
0.10

0.051

- -HRRFLHVHNARY -

—0.05/

—0.10

—-0.15 ‘
591_ wi 59L wie 595,3W/z 59L Ze 59L Ze 59L Ze 59R Ze 59R Ze 59R Ze 59L Zd 59L Zd 59L Zd 59R Zd 59R Zd 59R Zd 59L Zu 59L Zu 59L Zu

0.2/} LEP
+ CEPC
0.1,
O_O-«l»* - — - = - = - = ++ ++ ++ ++ —I—+ + - + 4+ -~ = <+ + ++ -+ & 4+ +
—0.1,
—0.2]
-0.3

1111 1111 1111 1221 1122 1122 2211 1122 1331 1% 253 2332 1221 1221
69R Zu 59R zu  Cu Cie Cee o7, 97, Cie Cie Cee Cig Cn & o Ciy Imc;c<~ Recyg

* No flavor assumption Beam polarization @ILC, CLIC
Yong Du 23 ITP CAS



< 4-fermion operators are very interesting in exploring new physics indirectly (PVES,
CKM unitarity, neutrino NSIs, V¢, etc)

< We validate our setup against results in literature for LEP and find excellent
agreement.

< Preliminary results obtained using projections for CEPC, much smaller
uncertainties would be expected as compared to those from LEP.

<% More comprehensive results (with more operators) to be expected at the
beginning of the coming year.
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