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e+e- Physics program

Roman Poschl

New Physics
ee->ZH top-continuum
w
m, 2xmW tt-threshold tth-threshold 1 TeV
»L/10* cm?s™
0.6 0.7 1.0 1.8 "

All Standard Model particles within reach of planned e+e- colliders

High precision tests of Standard Model over wide range to detect onset of New Physics
Machine settings can be “tailored” for specific processes

*Centre-of-Mass energy
*Beam polarisation (straightforward at linear colliders)

opp = 31 (1—- PP )(org+0rr)+ (P —P)(orr —oLR)]

Background free searches for BSM through Qeam polarisation



t,t‘t Polarised beams at Linear Colliders Go
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e- - Source:

Damping Ring

* Polarised photons incident on
Energy Compression Fzﬁjﬁgp GaAS phOtocathOde

: i . L-band (B=0.75)  polarimet I
X, Spin Rotation NCtune-updump  Tw Bunching c;:n;?‘;)er

“2+X]5 MW J WV SC e~ LINAC (5.0 GeV) (11.3kw) and Pre-Acceleration
Spare _

< * Method used for SLC

SC tune-up dump (311 kW) _-_‘ _ T . . .
S = & et AL R * Beam polarisation of 80% achieved
HE  Locer * Also target value for ILC and CLIC

(above
3.2nC 5nC Ground)

|\ 76 MeV - 5.0 GeV 140 keV - 76 MeV /‘

e+ - Source: to Damping Ring * Polarised positrons from polarised
Rttesel3 e b4 photons produced in helical undulator
(pol. upgrade) (125-400 MeV) ' - ner I I
AT ] SCRE bostr | Eom,;?"RF and reconversion in target
L Jh * Proof of principle E166 in 2005

(125 MeV) e- dump

e A "{ | e Polarisation of 80% in 1m undulator
SC helical undulator photon
\c:amweRF A * Target value for ILC 30% (20% at 1 TeV
e 150:250GeY * No positron polarisation at CLIC
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IJCLab Power of beam polarisation — An overview @o

W+W- (Largest SM BG in SUSY searches) BG S UPPI"GSSI. on

+

e wWoe W'
>\%@i . E su@)y Chargino Pair
eL s W e W

SuU@2), er Beam
N ~
In the symmetry limit, O,y > 0 for€g! E+ H -
- ~+
Only H components
Slepton Pair B iﬁ Ly contribute !
+ i e_ ? __H_"," cf.)
e ~ HR _ R U(1)y H ete > W'W™
{ Y. =-12: 6 B ok =%
>m?" Rt e X: =O-W + I.I gt
e
RL U o
y e CHE 1)
In the symmetry limit, Og =40 !
WW-fusion Higgs Prod. Decomposition
= 0.8
------------ H 0.3 -
W a0 Signal Enhancement
& % 8x1.3=2.
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LNAL Fitting Higgs Couplings — Kappa and EFT G‘

Couplings to Higgs Boson in Standard Model

Z/W
______ : - H ‘_E"
m 3
Swv="_
Z/W

Analysis using Kappa-fit:

Simple scaling of SM-couplings

Implies that Higgs coupling to Z in production and decay are identical

No new operators
Analysis using EFT-fit:

Introducing set of SU(2)xU(1) compatible operators
e.g. breaks simple relation between Higgs production and decay

Total width and Higgs to invisible as free parameters
Receives additional input from e.g. ee->WW and EWPO

Roman Poschl
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4‘£ EFT Framework and beam polarisation

) - |

>, Model Independent Fit LCC Physics WG EFT adds additional spin structure to ZH

N 3 5 Impact of Luminosity, Energy and Polarisation | . — d . ti

D B HL-LHC @e'e 2 ab™ 250 GeV polarised 13 production cross section

= [ .. ®e’e” 4 ab” 500 GeV polarised x X 1/2

g— 3 . HL-LHC @ e+e- 5 ab-1 250 GeV unpolarised .......................................... — A Z h Z h Z

8 [ ... ®e*e 1.5 ab™ 350 GeV unpolarised x 1/10 Y has to be small
C D5 i e — y4 A due to EWPO
8 constraints
g of L 0 gel | - NN

7)) |

®))

@) | _

,:E 1 5 e A N N —_ - ALR(ZH) prOJects out CWW
“— . N ~CwWw

CERRT I I T S -A-Na1-]. _ only diagram

S allowed in SM| < pgJarisation dependent

‘N

O 0-5 __..oN....ul ... B B K. O P O P e —_

O .. p . p .

o 0 Precision for 2ab™ polarised = 5ab™ unpolarised

Roman Poschl
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IJCLab Double W Production

* Sensitivity to triple and quartic gauge Boson couplings
et W+ et Wt et W* (TGC and QGC)

* Observables depend strongly on beam polarisation

=> Enrich different helicity modes of W
o W- e- W- e w- = Disentangling of couplings to Z and y
=> in situ measurement of beam polarisation (and luminosity)

Limits on Triple Gauge Couplings@250 GeV

Detail View of the ILC Precision
e |L_C full H-20 = |LC 350GeV m— |LC 250GeV

-|EP2 ==ATLAS ==CMS ==HL-LHC LG 250

A — Z

Ag!

mEEEEEEE s s s E E E E E E E s El E E S S S TR S S SR SR S SR SRR T E e e e E.

AK

. '
_EEE TS S S S EASEEEEEEEEE SR GRS e R ORGSO S TR E S EEEE S aMEE .. .- e A S —

-0.05 0 0.05 0.1 —-0.001 0 0.001
TGC Limits @ 68% CL AS 2020 TGC Limits @ 68% CL


mailto:Couplings@250

tt Two fermion processes (=

Differential cross sections for (relativistic) di-fermion production®;

— ff) =35 (1 +cosb)* +Xrr(1 — cosh)?

— ff) =3rr(1 4+ cosh)® + Xrr(1 — cosh)?

*add term ~sin“0 in case of non-relativistic fermions e.g. top close to threshold

2  are helicity amplitudes that contain couplings g, g_ (org,, 9,)
2 #2 '=>(characteristic) asymmetries for each fermion

Forward-backward in angle, general left-right in cross section
All four helicity amplitudes for all fermions only available with polarised beams

Roman Poschl
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‘.AZ Helicity amplitudes and new physics

Helicity amplitudes can be analysed in several ways (not mutually exclusive):

Obliqgue Parameters W, Z:

Qer; = QIQ} + 9.9 - + 5 fi;(W,Y)
" °¥F 7 sin? 0w cos2 Oy s — M2 +ilzMz  m2, """

Contact interactions with e.g. compositeness scale A:

VAP
gei gfg S 4 ggontact

et = QIQT +
Q if; Qle Siﬂz QW 0032 ew S — M% + iFZMZ 2A?

e, f;

New propagators in concrete models of new physics:

S

gezg gez g
Qu.s, = QUQT + Z +> .
sin? Oy cos? Oy s — MZ +il'z Mz sin? Oy cos2 Oy s — M2, + il 7/ Mz

Always with |,j being the helicities of the initial state electron e and the final state fermion f

Roman Poschl
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Rates and asymmetries (on the Z pole) GO

Partial fermion width:

Ny (9%)2 + (9?)2 Sensitive to sum of coupling constants
— = — 7 . . . .
Niad Zizl (g )2 + (gf)Q] Available at linear and circular colliders

Ry

Left-right asymmetry:

1 or—oR (gL)2 _ (gR)2 Direct sensitivity to Zee vertex
= A, = J; 5 “; g~ 1— 4sin” Qﬁff_ Only available at linear colliders due to beam polarisation
Pegs.lor+or (9:)% + (9;%) Circular colliders need auxiliary measurement
eg. P ~A

Arp =

Forward-backward asymmetry:

B B “Classical” observable to study P-violating effects in ee->ff
_0r—05 _3(Ac —Pe)As _ §A6Af for P. = 0. Available at circular and linear colliders
ortop 4 (1-PcAe) 4 Asymmetry amplified by beam polarisation
Without beam polarisation interpretation is always model dependent

Left-right-forward-backward asymmetry:

3 Combination of asymmetries above
At _(or—oB)L—(0F —0B)R =S A, Only available linear colliders due to beam polarisation

FB,LR (cr+o0B)L+ (oL +01)Rr 4 Direct and model independent measurement of A,

Roman Poschl
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IJCLab Reminder: LEP and SLD oo

. : : . : : . 9210
A e 0.23099 = 0.00053 Most precise single Individual determination of sin“f.4
A(P.) —— 0.23159 = 0.00041 from SLC
* Left-right asymmetry of leptons

0b * Most precise measurement of sin eeﬂ‘ from forward

. —v— 0.23221 + 0.00029

0 backward asymmetry A% 5 in ee->bb at LEP

. * 0.23220 = 0.00081

had

x 0.2324 + 0.0012
o Two lessons:
Average - 0.23153 + 0.00016 | o P
(0. TV * Most precise determinations of sin?6%. differ

_ significantly
> * Cries for verification
O * Beam polarisation matches up for luminosity

T Factor 30 in case of LEP/SLC
£ 102 8 Ao = 0.02758 = 0.00035

| Mm 1780 4.3 GeV
0.23 | | O.2|32 | ept 0234 |
- 2
SIN"0

IAS 2020 11



IJCLab

Running on Z pole “GigaZ”

+ -
e ¢ —hadrons

Cross-section (pb)

102 - DORIS |
3 PEP
AR 7 - '
| KEKB b SLC
PEP-II o
= _ I | | IIJEPII | | LEP III | _
0 20 40 60 80 100 120 140 160 180 200 220

Centre-of-mass energy (GeV)

Around 5x10° Z events (250xLEP)

With beam polarisation
~30x250 = 7500 LEP!

IAS 2020

Entries/0.01

+

Coupling to on-shell Z-Bosons

Radiative return at higher energies

C 7 f_ m2 — 1 — |B | s
7 = .
1418
5 | sin(f7 + sin 65|
e- ISR f sin 61 + sin 65
2400 10’
2200—|(P_,P.,) = (-0.8,+0.3)
2000 after all selection cut
1800—| — All Events
1600— | — Background Events
1400 —
12002—
1000 —
800 —
600 =
400— .
0E- s
ob i e L el | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

X

~10°% events at 250 GeV with 2ab™

Beam polarisation
12



IJCLab

AA, 107

A . at GigaZ? @o

-0y — 04— —0—_)(—044++0—4 —04—+0__)

(044 -
Blondel scheme: Ajp =
(044 -
201.,
sl _ _ - :
i : : ' ' —08 i
16 i . .
. Moen/g Snowmass 01 ;
e Exactly 10°Z A

12 A . s e
b i See alse TESLA TDR 1
[\ arXIv hep-ph/05071 01 1

-0y +o4—+o—_)(—04++Oo—f+04_ —0__)

Blondel scheme independent of polarimeter precision

* Assumes perfect spin flip for polarised beams
* Residuals must be monitored by polarimeter
« Residual uncertainty of AA _ = 0.5x10* seems possible

* The more positron polarisation the better (see backup)
- Don't forget energy dependency (dALR/dNs ~2x10°%/MeV)

Precision AA = 1x10* is a realistic assumption for GigaZ

=> |dsin?0’; ~ 1.3-107°

IAS 2020 13



IJCLab

A . at GigaZ?

ALR is “simple counting” measurement
Errors?

*On Z-Pole
«Energy dependency (dALR/d\/s ~2x10°/MeV) due to y/Z interference

‘Need excellent calibration of Vs, 1 MeV seems possible
*Beam polarisation (Blondel scheme and polarimeters):
-Residual uncertainty of AA _ = 0.5x10* seems possible

Precision AA = 1x10* is a realistic assumption for GigaZ

6sin®@%e ~ 1.3-107°

*Radiative return
Mainly limited by statistics AA _ = 1.4x10*

Beam polarisation AA _ = 0.5x10* (More processes available)

*Energy dependence 1000 x weaker than on Z-pole
IAS 2020
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IJCLab

Uncertainty

—k
<

=k

| IIIIII|'| | IIIII|T| | IIIIII|] | IIIII“l | IIIIII|'| | IIIII"I

1072

107

107

107°

1078

Precision on

Jﬁ"LH

P
sin B’Bﬁ

l ILC/GigaZ
. LEP/SLC

FCCee

relevant observables (-eo

Precise measurement of sin29£ﬂc_

*Ten times better than LEP/SLD and often
competetive with FCCee

* Polarisation compensates for ~30 times luminosity
....and A _ at LC can benefit from hadronic Z decays

* No assumption on lepton universality at LC

Complete test of lepton universality
* Precisions of order 0.05%

Note excellent measurement of quark asymmetries
* Backed up by detailed simulation studies at higher
energies
* Important input for higher energies

IAS 2020 15



IJCLab

entries / 0.05

Decomposing ee->bb — Differential cross section

40000 _—|' L I T T 1 l LI I LILEL [ T 1T 1 [ T T T ] T 1T 1 I T T T [ LI l T 1 '1—_
" ee’ bb @ 250GeV, 250 fb" 2
35000— LR @ =
E ——+—— signal + charge corr. E
30000~ ——— signal + ch. corr. + accep. corr. g
: """""""" ﬁt —'E

25000 :_ parton level _:
20000 ; i
| ‘# ]

L o~ i

= - ]

15000 — 1
10000 -
5000 — —
G _—l b Vil o | | i e | I i ppe e | | | i el | | By el ¢ | A R | I | ey B y P | == |:

-1 08 06 -04 -02 0 02 04 06 038 1
cosb,

6000

entries / 0.05

5000

4000

3000

IF[IIIIIIIIIlIIIIlI

2000

1000

_Il‘-llllli|+l
t

lflll'fl]'l'llll

e e;— bb @ 250GeV, 250 fb”

—+— signal + charge corr.
——&—— signal + ch. corr. + accep. corr.
--------------- fit

parton level

|||'fl|'[l'|'|'|ll

rr[rr1]111

el sipbeiiebyi el ey By |

Full simulation study (with ILD concept), Benchmark reaction
*Experimental challenge: Measurement of b-quark charge on event-by-event basis

—

Long lever arm in cos 6, to extract from factors or couplings

d I
L:SI(lJrr.:l::)sflffi')+}.'Hrcose9 I=LR
d cos 6

Form factors/couplings
from S and A

IAS 2020 16



IJCLab

Entries / 0.05

New: Decomposing ee->cc — Differential cross section

45000

40000

35000

30000

25000

20000

15000

10000

5000

L | LI | L | | | T | | L LI r | |
[ 3
= ILD Preliminary /]
— o ]
- —+—— signal + charge corr. g
:_ ——4—— signal + ch. corr. + accep. corr. -e'- NS
- LO EW matrix element - Whizard 1.95 f = ]
- e fit to LO - AR
- = A
iz El ]
8 -

[ - sl
= pe 3
B -

1 = o]
b ﬁ- -
2 =~ 2
- - =
- [ -
= - ]
- ol ]
B . B
= vﬁ“‘ﬁ# ]
- %}M e,e}, - cC, 250GeV, 250 fb" 7
e 4
=i A T DN ot T LA A P P G AT [ Rt N WP
1 08 06 04 02 0 02 04 06 08 1

| =

cos8,

Entries /0.05

22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

-1 0.8 06 04 02 0O

I|III|III|III|IIIfIII|III|III|III!III|III|-I

ILD Preliminary

—+—— signal + charge corr.
—+—— signal + ch. corr. + accep. corr.
LO EW matrix element - Whizard 1.95
e it to LO

- ™ e.e} —» CT, 250GeV, 250 fb” -
_“-D-A‘;.IllllllllllllllllII|III|I #

I1I|III

0

02 04 06 08 1

cos,

Full simulation study (with ILD concept)
*Experimental challenge: Measurement of c-quark charge on event-by-event basis

Long lever arm in cos 6_to extract from factors or couplings

d I
L:SJ’T(l++r:l::)s:;2|.€?)+,A'lfczose9 I=L,R
d cos 6

Form factors/couplings
from S and A

IAS 2020

17



IJCLab Precision on couplings and helicity amplitudes and physics reach

Example b-couplings (same observation for c-couplings)

o 10 - -
P)S - . . =
5k ILD Preliminary -
C n _
2 4L EEE ILC250, 2000 fo _
%’, - ILC GigaZ mE
T - [ LEP1 ]
= - ]
E 107" = | E

107 & I | I E

10°°

Ly, LR Ay AR L A,

Couplings are order of magnitude better than at LEP

*In particular right handed couplings are much
better constrained

New physics can also influence the Zee vertex
*in 'non top-philic' models

Full disentangling of helicity structure for all fermions
only possible with polarised beams!!

Number of Standard Deviations

102

10

1

Djouadi et al., arxiv:hep-ph/0610173
Hosotani et al., arXiv:1705.05282

Peskin, Yoon 4, arXiv:1811.07877

Peskin, Yoon 5, arXiv:1811.07877

I

lIIIIIIl

LI

Z Pole
QeLbR

Impresswe senS|t|V|ty to new physms in
Randall Sundrum Models with warped extra dimensions

*Complete tests only possible at LC
*Discovery reach O(10 TeV)@250 GeV
and O(20 TeV)@500 GeV

Pole measurements critical input

IAS 2020

*Only poorly constrained by LEP
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IJCLab

Uncertainty

Accuracy on CP conserving couplings

—

107"

1072

107

B iLc, /s=500 Gev, L=3200 b (preliminary)

LEP+HL-LHC-S2
arxiv:1907.10619

FCC-ee, \s=365 GeV, L=2400 fb™
arxiv:1503.01325

Y Z 74 Y
|:1V I:1V I:1A |:2V

Top quark couplings at \'s = 500 GeV and 365 GeV

* e+e- collider might be up to two orders
of magnitude more precise
than LHC (\'s = 14 TeV)

* Large disentangling of couplings for ILC
thanks to polarised beams

* Final state analysis at FCCee
* Also possible at LC => Redundancy

LC promises to be high precision machine for electroweak top couplings

IAS 2020
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IJCLab

>

Contributions for different fermion species

-6
60 f<'1'0 T - - - 1 ILC500: e*e™— ff
40 F 4
i i
oF 1
0F 1 ¢
20 | 1°
I ] —combined
_40 F -
: ] ] :X1O_6

_60 PR TR T TR TR T N TN T T N
-60 -40 -20 O

W

20

40

Top quark couplings at Vs = 500 GeV and 365 GeV @.

Vs AW AY p

HL-LHC 15 % 10~° 20 x 107> -0.97
ILC250 34 x10° 24x10—™ -0.34
ILC500 11 x10™ 0.78x10™™ -0.35
ILC1000 0.39 x 10~ 0.27 x 10> -0.38

500 GeV, no beam pol. 2.0 x 10" 1.2x10™° -0.78

Beam polarisation essential to disentangle effects from W and Y
ILC250 outperforms LHC

ILC500 and above outperforms e+e- machines
w/o polarisation (at 4ab™)

IAS 2020 20



IJCLab Monophoton searches (oo

Vector operator, {s =500 GeV, 500 fb”, 3c CL

Scalar operator (s-channel), {s = 500 GeV, 5001fb”, 3c CL Axial-vector operator, s = 500 GeV, 500 fb™, 30 CL
> :———-l-————--—.____ — C — C
2 - T > - > e
3 500 B200C__ B 2500; ———
S| E— ) Ny :
20007 ———— < 2000- <2000
1500F 1500F=~=mmer LTS
[ =) +80/-30 - _
+30,+30 L =9 +80/+30 L == +80/+30
1000F ==} unpol 1000; =2 50750 1000 == %5
_ -80/-30 E -80/+30 IE 807430
5003_ Vector operators S00p 500
N .F.)l TR - Scalar operators | - Axial-Vector operators 3
coeo o b e e by L L
501000 150 200 = 250 0 50 100 150 200 250 050 100 150 200 250
M, [GeV] M, [GeV] M, [GeV]
— M. Habermehl
€ Y X
* Search (or set limits) for dark matter production
Four fermion * Scale reach depends on beam polarisation
vertex *Largest scale reach for positive electron beam polarisation
*Positron polarisation makes a difference
et X

IAS 2020 21



IJCLab Summary @.

* Beam polarisation is an essential asset for a successful e+e- precision program
* Remember that the SM is a chiral theory!!!
* For comprehensive overviews see also hep-ph/0507011 and 1801.02840

* Beam polarisation allows for large disentangling of various effects of new physics (or for constraining them further)
* Helps a great deal to simplify analyses and interpretation of results due to adequate experimental
setup for the theory under test

* Linear Collider concept allows for sweeping over large energy for precision tests and direct and
indirect discoveries

* Measurements from Z pole to > 1 TeV within one facility
* Colliders w/o strong beam polarisation will provide important complementary information

* A clear pattern of anomalies would be an excellent (and maybe the only) motivation for a large hadron machine

IAS 2020 22
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IJCLab Linear Electron Positron Colliders @o

See also talks by ,'Ip = Energy: 0.1 -1 TeV
| JLT ' Electron (and positron)

Jim Brau polarisation
- TDR in 2013

+ DBD for detectors

Footprint 31 km
et Initial Energy 250 GeV — Footprint ~20km
'.L-'»r'"""r_f
See also talk byStrong effort by Japanese Community to host ILC — Political decisions expected ... soon

Steinar Stapness Energy: 0.4 -3 TeV

CDR in 2012

Footprint 48km
ﬂb Initial Energy 380 GeV

Possible future project at CERN 24




IJCLab GHU and light fermions

top2018-hosotani.pdf (page 17 of 22)

Bhabha scattering eTe™ — eTe

L bo/0c% “tAN/VN F. Richard, 1804.02846
3 GHU ~i— 0.115
. O = 0:115

2 st T\ . |20 ILC 250

«t t-channel 7Y ; )

SEE——— 2000 fb~ 1!
k. cos @ bin width 0.1
L T, & J T cos®

£ o | P
ete” > uTu -4 \ =20
L 0.115
E_- 8 % \\\-_%‘_— ‘: ’
E.._H_L _-..a.a._.Tn.a..:.L_n:_a.l.—a-a---a-J-—_J-J-‘-d:l-EQSE- ,E_._d/.. .. Rt diici i )i da L FD:SB
Physi
| D)Physics 17

IAS 2020

GHU is example for model
that implies

modifications of
“well known” couplings

Mz Tev 90% C.L.

ee MU,TT bb tt

Impressive mass reach already
at ILC 250 GeV

25



IJCLab Randall-Sundrum Model and flavor mixing a la Peskin/Yoon (oo

1811.07877
6. mZ 1 ; 198 20\ 2% In short, mixing is consequence of arrangement of
J. —— — —tan b — . .
m? 2 et Dz . heavy quarks in 5D multiplets
oo (ejef, = bb) = Zr(s) (1 + cosh)? 4+ Zpr(s)(1 — cos §)?
dcosf L R
do
a H(PRPL —}bb) ZRL(S) (1 —(‘0‘59) +ZRR(9)(1 +(‘OSQ)2
COS
b, in5,bgind4
20 - —_— (ILC precisionj’>
ILC precision
25%} 5%
4 e 1TeV 4 1 TeV
) = 500 GeV i 500 GeV
C 0%} 250 GeV © 250 GeV
K 1y ) U, SNSRI, ST FOT ISR NITIING VoI SRSsem——— No———
'y ',
P
15% \—& — C[=0.3,Cb=0.3,52=0.065 — c;=0.3,cp=0.3, s2=0.065
t —_— t=0.5 — =05
S cp=0.6 -3%| — b =0.6
— s2=0.08 P— s2=0.08
1% 1% 2% 3% 2% 1% 2% 3% 4%
6%, O02pL
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IJCLabGrand Higgs Unification

a la Hosotani —

Dimuon production

=

Y. Hosotani, Top@Lc18 1.00 _-I | | . | G -'\[ | € ‘|
50 Ge ,
3 .
= ' : i
= 0.96 i
% 0.94 ‘O'SM "‘.“. “ ]
© j .
0.92F _
' 500 GeV q
: wi b
0. 90 b P S S — . O Pe _ e e
-1. 01 -0.5 gﬁ 0.5 11.0 T 1P P,
CC wi"cﬂrt;f no pol. LC

* Visible effects for Peff >-0.5

* LC would add two points that ideally are complemented by a point from Circular Collider
* Huge amplification of effect at higher centre-of-mass energies

IAS 2020
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IJCLab

Example — Grand Higgs Unification a la Hosotani

Goo

Randall Sundrum Models imply arrangement of fermion wave functions in (warped) extra dimension
The more overlap on IR-Brane the larger the interaction

i Dominant components 60y = 0.1 3
S
Z
—0.5L ' - - ~ '
0.0 0.2 04 0.6 038 1.0
z/z1.
L 9 i
GHU Model:

SM: Z ZW % MO

Left Right Left Right | Left Right Left Right
v, —0.183 0 0 0 0 0
v, 0.5 0 —0.183 0 0 0 0 0
Vs —0.183 0 0 0 0 0
e 0.099  0.916 0 —1.261 | 0.155 —1.665
| —0.2688 0.2312 | 0.099  0.860 0 —1.193 | 0.155 —1.563
T 0.099  0.814 0 —1.136 | 0.155 —1.479
u —0.127 —0.600 0 0.828 | —0.103  1.090
¢ | 0.3458 —0.1541 | —0.130 —0.555 0 0.773 | —0.103 @ 1.009
t 0.494 —0.372 | 0.985 @ 0.549 | 0.404 @ 0.678
d 0.155  0.300 0 —0.414 | 0.052 —0.545
s | —0.4229 0.0771 0.155 | 0.277 0 —0.387 | 0.052 —0.504
b —0.610 | 0.186 | 0.984 —0.274 [ —0.202 | —0.339

- Interaction of right handed (light) fermions -> Heavy and light fermion effect
- Interaction of left and right handed heavy quarks

_ . . (1) —
Note also asymmetry in couplings to y >|AI212€% 0




IJCLab Testing the chiral structure in 2-fermion processes

On the Z-pole Above the Z-pole

VAVA VAN IR

* Sensitivity to Z/Z' mixing » Sensitivity to interference effects of Z and photon!!
* Sensitivity to vector and tensor * There is no reason to assume that the
couplings of the Z photon is standard model like,
* (the photon does not “disturb”) which is a model dependent assumption in EFT
fits!!!
IAS 2020



IJCLab Review: LEP and SLD Il G

SLAC Linear Collider — SLC:

* Linear electron positron collider

North Damping 200 MeV
ring (NDR) Positron
Polarized ;
(Polarized) &PO P Lme; pggrg;n - Centre of mass energy m,
50 GeV Accelerator
1.2 GeV Final Focus o
et i TestBeam Operated at SLAC between 1992 and 1998
South Dan;;lng _ _
ring (NDR) * Electron beam polarisation 90%

2 miles

* One single interaction point
* Around 400k Z events collected

IAS 2020 30



IJCLab Review:

ALEPH /_\ OPAL

LEP

DELFPHI

ISOLDE

East Area

X LP|
7 \ A

clegtrons

— FI|'|_I|_I_'||',|5

»

&
? South Area
LEAR

P ious

i ( PS ol e
U/g}ql-
£

LEP and SLD | (oo

Large Electron Positron Collider — LEP:

* Circular electron positron collider

» Centre of mass energes m_ — 209 GeV

* Operated at CERN between 1989 and 2000
* No beam polarisation but high luminosity at
* four interaction points

* Around 10M Z events collected

* No beam polarisation

IAS 2020 31



IJCLab

Beam polarisation and disentangling

With two beam polarisation configurations

> <
P(e™) = +80% P(e*) = F30%

There exist a number of observables sensitive to chiral structure, e.g.

N(cosé > 0) — N(cosé < 0)
N(cosf > 0) + N(cosf < 0)

01 Apr= (Fr)r = {2221

x-section Forward backward asymmetry Fraction of right handed top quarks

<
Extraction of relevant unknowns

Ffv: Flea P?A =0, F1ZA

or equivalently QE; Q%; QE: Q}Z%
F)., . FZ
2V £ 2V

IAS 2020
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IJCLab Beam polarisation — Uncertainty and positron polarisation Il @0

" lﬂ: 1 . “ 20 e BRanssass AMsasaase Asansasas :
i (TP O W .
3 8 | PP SN N (U SN SO SR S S B
"' 14 [ | . L
10| -

6 L

s ;

3 i z _
07 | m‘ | ;Jiii'l;ui" — 0.1 0203 04 05 06 07 08 09 1

(o gl o il T/ o P,

Figure 2.7: Test of the electroweak theory: the statistical error on Ay of e'¢™ — Z —
(¢ at GigaZ, (a) as a function of the fraction of luminosity spent on the less favoured
polarization combinations ¢, and ¢__ and (b) its dependence on P,+ for fixed P,- =

+80% [51].

From hep-ph/0507011
IAS 2020 33



IJCLab LEP Anomaly on A% g =

. b
~30 in heavy quark observable A FB ee->bb@250 GeV
5 F -
Ab | . | dol/dcosOb 3 _ doR/dcosOb
0,c : i d I
A | 0 T % | 6 |
ob | E é | é 5 5 3 [ :
Ag | 0 1 1 B e | 51
0 : 5 5 ' : : 5 - :
i I R 2| N
Ry| i —e—f% | 2
: : : i 1 2
" " " I *1 f
* |s tension due to underestimation of errorsor (=T, 03 TR N TR . e
07505025 0 025 05 075 1

-1 0.75-05-025 0 025 05 075 1
cosOb cosOb
* High precision e+e- collider will give final word on anomaly Randall Sundrum Models Djouadi/Richard '06

1
[y

due to new physics?

* In case it will persist polarised beams will allow for discrimination between effects on left and
right handed couplings (Remember Zb;b; is protected by cross section)

* Note that also B-Factories report on anomalies |25 2020 34


mailto:bb@250

IJCLab Beam polarisation — Uncertainty and (positron) polarisation @o

1 APy en:nrspnmplgtely mder@enF LABE _errors ful!y cprrglatgcl |
L S |
08 | 08
07 } 07 |
06 | 06 |
05 05 |
04 | 04
03 | 03 |
02 | 0.2 |
01 | 01 |
g S ——
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Pf_,+[%] RJF[%]
Figure 1.6: Relative uncertainty on the effective polarization, AP /|Pei| ~ AALr/ALgr,
normalized to the relative polarimeter precision + = AP, /F.- = AF,+/F,+ for indepen-

dent and correlated errors on F.- and F.+, see egs. (1.25), (1.27).

1

o obs

ALH - PHALH -
L=

l o, —0,-

: 1.24
Fg O_p +0,_ ( )

From hep-ph/0507011
IAS 2020 35



IJCLab

Beam polarisation — Some words on the basics

Helicity is projection of Spin & onto direction p of motion of massive particle

1
Eigenvalues of 55’1’3:

-1/2 -< — Left handed helicity Caveat:

Helicity is frame dependent!
1/2 4>. Right handed helicity => Not Lorentz invariant
Helicity projection operator Chirality projection operator

m=0

IT*(p) = (1% p) - T (p) = ,(1+7°)

Chirality is projection of Spin & onto direction p of motion of massless particle

Chirality is frame independent! => Basis to define helicity states

i 7 =>>m
=11 1—
(153 ( +E+m)uLo+( E—l—m)uRC

_ ] |p]
HR—(l—E+m urc + 1+E—|—m URC

IAS 2020
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IJCLab

A [TeV]

Precisions of top quark form factors — EFT Fit

Tevatron + LHC from TopFitter (individual 95% limits)

Prospects for 3000/fb -> Schultz, Soreq, Vos, Perello ... + extrapolation

LC 500 prospects from arxiv: 1505.06020
Prospects somewhat speculative but may be covered by full ILC lumi

I A O
B B Tevatron + LHC Run I, JHEP 04 (2016) 015 Durieux,Perello,Vos,Zhang. preliminary ]
102 £ [] vLnc 30007 at 14 Tev —
= I Lc 500 Gev, 500 fb™, EPJCT5 (2015) no. 10, 512 =
— [ uttimate LC: 4 ab™ at 500 GeV, 3 ab™ at 3 TeV =
10 =
1 = =
: q
B tw 7Q; Q3 T Cq33 033 » 0330 %ﬁa
N e _ oA
V.
Two-fermion operators, equivalent Four-fermion operators (qqtt at
to F1V, F1A, F2V form factors . . ' '
LCWS16, MOriOnu, jupur, v cvas ~-wv . Cia, Marti hadron colliders, eett at LC)

37



IJCLab

Compositeness:

Example Compositeness (oo

ala G.M. Pruna, LC 13, Trento

- ... provides elegant solution for naturalness

- ... few tensions with SM predictions

- ... all scalar objects observed in nature turned out to be bound states of fermions
- ... Duality with Randall-Sundrum Models

Bosonic sector mass spectrum

Fermionic resonances
From heavy left handed SM doublet and heavy right handed SM singlet

New mass scale

R TR
M, ~ 3TeV
YB: myg
g5’
YT, my,
mz = 91GeV
mw = 80GeV
mﬂ}a - U AtR
tel *
R \IJ,};

Physics modify Yukawa couplings and Ztt, Zbb

Heavy fermion effect!
IAS 2020 38



IJCLab Cross section eTe™ — ff G

e f
Interference between individual amplitudes of y and Z exchange
\/_GFM2 o/ e . A —
T B
f

2
€ v — vV

Differential cross section:

do af2
dQ 4s

Weak interaction introduces forward backward asymmetry

=> Asymmetry is intrinsic to electroweak processes!!!
IAS 2020 39

2 ' ' .
5 1 ~ (1 + cos“f) ’'Usual’ Vector current, symmetric in cosf
[AU( T COs 6) T AlCObg]{ v« cosf)  Axial Vector current, asymmetric in cosf
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