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ILC Polarimetry Concept for Permille-Level Polarization Precision

® spin tracking @ downstream
! poIarimeter

@ upstream
polarimeter

Qete~
collisions

» The time-resolved beam polarization:

> Measured with 2 laser-Compton polarimeters before and after the e~ e™ IP
> Polarimeter precision AP/P = 0.25% from the start
> Extrapolated to the e~ et IP via spin tracking

+ The luminosity-weighed averaged polarization:

> Calculated from collision data at the IP

> Using the cross section measurement of well known standard model processes
= Combination of both measurements

— With the aim to reach the permille-level precision AP/P = 0.1%
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Polarimeter Measurement [2]

» Compton scattering between polarized upstream pgﬁ!flrimeiee
Laser and the beam particles . 1 T g
» Polarization determined from the o 00 1 e .
energy spectrum of the Compton HHH L :;_ g
scattered particles S ul
total length: ~75 m 2éemt LI

» Upstream Polarimeter:

downstream polarimeter
> Able to measure each bunch of a train P

Energy Chicane Polarimeter Chicane
x e P
. . wSoam By sadsom itz dtom
> Requirement of a fast responding Coam vsaom ety CRTEnkoY Dot
. erenkov det. z- m
detector + a fast readout electronics . e ¢
Horizontal Bend S on S Pt
’ 2566 .
ws22m 2-857m ;
» Downstream Polarimeter: e g FE
s . = g 250 GeV}
> Due to collision effects, measuring )
only O (1) bunch per train MA
. collimator vacuum / e
;I Lom chamber  synctvoron s oetecr sazlon 5
Elp=iiy 2-147.7m, y=-19.9cm +dz=10m

> 2 additional magnets to restore the
beam orbit
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Spin Tracking [3]

Spin tracking for the electron beam

o T T T

=

Due to the beam optic,

polarisation

El)
‘P described by the angular divergence 0, . ] . Josg
F -p, 1 %
= r guadhrrl‘leeoli - 1 2
— [ - 7(6) $
F(Br) = [Plmax - cos (1 + av) - 0r) : :
P E L L —-1.5

1764 1765 1766 3400 || 3450 3550 DP
distance s along BDS [m]

Uncertainties of the spin transport between polarimeters for cross calibration
(Without collisions and at Ecus = 250 GeV)

Contribution sP./P. [107%]
Beam and polarization alignment at polarimeters 0.72
(assuming AYpynch = 50 prad, Adye = 25 mrad)

Random misalignments (10 pm/prad) with beam orbit correction 0.35
Variation in beam parameters (10 % in the emittances) 0.03
Longitudinal precession in detector magnets 0.01
Bunch rotation to compensate the beam crossing angle < 0.01
Emission of synchrotron radiation 0.005
Total 0.8
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Physics Processes for Polarization Measurement

W-pair production:
» Unpolarized cross section og := 1> o -

er W=
> Higher o¢ increases the event rate
i _ LR .__ oLR—ORL
> Left-right-asymmetry Ag} := MJLR_MRL v
> Sensitivity to the chiral structure
. . t +
= Both should as high as possible €r w

. . oL =0rr =0orL =0
Examples at 500 GeV including ISR + Beamstrahlung:

s-channel spin-1 particle:

Process A'ﬁﬁ oo[pb] o (GE) f

ete™ = WHTW— — qqlv 0.990 2.39

ete™ » Z— qq 0.287 | 12.6 4

ete™ = e DWT — e"gg | 0.994 1.17

ete™ = etvW— — etrvgyg | 0.994 1.17 e; (ez) }_c
o =o0rr =0
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Polarized Cross Section Measurement

» Measured polarized cross section: D -8B
Udata =
e- L
D:  Number of signal events B:  Background expectation value

e:  Detector selection efficiency | L£: Integrated luminosity

Remark:
All of them can variate between the different data sets (c_4, 04—, 0—_, o4y)

» Uncertainty of the polarized cross section calculated via error propagation

00i Do;

= L L ..
eg. (Eg), =corr (ai , 0 ) oL anAEiAEj ije{—++— —,++}
Ei= Ep +ZEs+E+Zc;
—————
statistical systematic uncertainty

uncertainty

Remark:

Statistical uncertainty is always uncorrelated: corr (aiD, ap) = 0y

And it is determined by Poisson fluctuations:
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Fit Procedure

» Consider the 4 ILC polarization as independent:

P = —80%, Pr =80%, P =—30%, Ph =30%,
——— ——— —_—— ———
"left"-handed e~ -beam "right"-handed e—-beam "left"-handed et -beam "right"-handed et -beam

» Using the method of least squares:

X2 = Z (&data - ﬁtheory)TEi1 (Edata - 5"theory);

process

= (O'_+ oy— oO__ 0++)T Process Channel
single W* evly, evqq
» Determine the polarization: wWwW 4393 qilv, Wiy
> Find P, PT, Pejr, I ZZVfVZVMix qqqf]'flql”’l””
that minimizes x2 99499 vty
Z qq, 1l

> Parameter uncertainties provides also
the polarization uncertainties:

AP~ , APt AP, APT Robert Karl | Polarimetry | 26.06.2017 |  7/20
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Systematic Uncertainties and their Correlations

» Systematic Uncertainties are » Data set are taken one at a time:

inter alia influenced by o
> Slow frequency of helicity reversals:
> Detector calibration and O (weeks to months)
alignment

. > Data sets are independent
> Machine performance

= Time dependent uncertainties —+ Completely uncorrelated

> Example: X Lead to saturation at systematic precision

Ae/e =0.5%; €=0.8;

AL/L =1 10— » Data sets taken concurrently:

> Fast frequency of helicity reversals:

[T O (train-by-train)
o .
o —» Faster than changes in
< . - .
ikl S i A il ek it by calibration/alignment
Pt
107 NG T .
— Generate correlations
—— totally
o Sttty e “ v Lead to cancellation of systematic
—e— totally correlated: ..
. Fast helcity reversal uncertainties
10‘4 = = Polarimeter Precision
10 10° 10° Robert Karl | Polarimetry | 26.06.2017 |  8/20
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Consideration of the Addition Information from the Angular Distribution

e.g.: singleWW™
» Total cross section o o
> Rely on theoretical calculation
= Susceptible to BSM effects v Z wt
» Differential cross section wt
> Additional usage of the angular information _
€+ Ve
= Increase of the robustness against BSM effects -
e
» Currently implemented processes for differential € z W
cross section n e
e
Process Channel wt
single W* evly, evqq v
g qq e w- €
ww q9qq, qqlv, lvly 3
e
z q7, 1l v
» The other processes used with total cross section et -

= This can easily be changed!
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Usage of the Differential Polarized Cross Section

Choice of the angle:

V" Individual for each process and channel

v High dependence of the angular
distribution on the chiral structure

X Angle has to be well measurable
— Not jet verified for all processes

Bin-wise cross section calculation:

differential cross section
cross section of the i-th bin
—_—— p Ny
dc/00  — 0;0data = oON/L

— 0:0LR fur (0:) - oLr

Analog: RL, LL, RR
> (;ZN = ((SZD — 5,%)/616
events of i-th bin

» f(0;): fraction of the total cross section

e

f

g ete = WHW™ — qqlv
f
f
e et
w* f
f
T
©
§ 07 I
S ’_J-ﬁﬁ ,..d;‘““__L‘
—~ e
Se10°L[ s
T i . - ef e
g o, LR
103LL “er el
0 1 2 3
0 [rad]

Robert Karl | Polarimetry | 26.06.2017 | 10/20



Statistical Results with Differential Cross Section

Using the following configuration:

r0ss Section

— o » Using 20 equal bins in a 6 range of [0, 7]

~ — Differential

—~ e » Signal determination bin-by-bin:
<5kD> = 0i0theory - 0%€ - L + 01B

For the start:

10+ Statistical error only + no background

AP, P,

107

v

v

Using H-20 integrated luminosity sharing
L [1/fb] due to energy

10 10°

» Differential cross section have a lower statistic uncertainty:

> Expectation of 03D can be for some bins O (1)
> Some zero diagonal entries of the covariance matrix — not invertible

= Dropping x2?—terms with §,D = 0
» Further steps:

> Optimizing of the 0 choice including the measurability

> Fine tuning of the 0 range and binning
Robert Karl | Polarimetry | 26.06.2017 | 11/20



Consider Constraints from the Polarimeter Measurement

H-20
Simplified approach: (as a first step) g —Ews:soj
= — Egys = 350 Ge!
> Neglect spin transport %3000 — B 25068
o L °
d Using AP/P = 0.25%: E 2000F -,'g
= [ -8
. . . . a r =]
» Gaussian distribution 2 ,
£ 1000}
> Mean: |P,_| = 80%, |P.+| = 30% j ]
> Width: AP % 5 10 15 20
years
Implementation: <
—
= |
2 10
12 2 + Z (F):l::t B Pj:i) Em ll‘\ \\ \ ;
= o 5 1\ |
XX AP? < g |
P L SNE \
4 — Eqys = 500 GeV| -
» P74 fitted parameters By =350 Ge
e — Egys = 250 GeV[
» P Polarimeter measurement 0 5 10 15 20
€ years

» AP: Polarimeter uncertainty
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Final Statistic Polarization Precision for the H-20 Scenario

E[Gev] | 500 | 350 | 250 || 500 | 250
o the polari
C[1/fb] | 500 | 200 | 500 || 3500 | 1500 | ~ Usine the polarimeter
constraint can improve
[107?] Without Polarimeter Constraint the polarization precision
APE__ /P 1.6 2.2 0.99 0.61 0.57

APY /P | 043 | 0.55 | 0.29 0.16 | 0.17 » Polarization precision can
S be significantly improved

AP /P | 1.9 2.4 1.1 0.73 | 0.64 for runs with low
AP /P | 29 | 38 | L7 || L1 | 0.98 integrated luminosity
[107%] With Polarimeter Constraint
AP~ /P | 1.1 12 | 081 056 | 053 » The colored values shows
e i . . i i an improvement of higher
AP:’_/P 0.42 | 0.51 | 0.28 0.16 0.17 than 20%

APL/P | 15 | 1.7 | 1 0.7 | 0.62
APHL /P | 1.8 | 1.9 | 1.3 || 098 | 09
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Simultaneous Cross Section measurement

» Define the ratio R between the "actual" cross section cactual and the SM cross
section osm

R(f) — Tactual
osm
> In general R can be parameterized by an arbitrary set of parameters 7

(1+P QtP,-) (0=Pe) P+) “ Rre (%) - orL

(1+P;) (1+Pe+)
2 2

~ 1-P 14+P .
otheory (Pef’pﬁ,x) — %M.RLR (x) COlR+ ——2L

1-P_) (1-P ~
+( 26_)—( 2e+)'RLL($)‘ULL+

- Rrr () - orR
> Introducing Pseudo Nuisance Parameters for cross section measurement
> Unpolarized Cross section scaling a:
oo — a-00=025-(a-og+a-or.+a 0o +a-orr) acRt
> Asymmetry discrepancy 8

A — A+
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Implementing the Pseudo Nuisance Parameters «, (8

» The ratio R is defined as multiplicative quantity: R («,3) = R (a) - R(B)

» Calculation of R («)
RLR (53’) = RRL (f) = RLL (f) = RRR (f) =«
» Calculation of R (f), e.g. for AR analog for other asymmetries

Rir(B)i=1+405. RT3 g (B)i=1—05. ZRTIRL 4
OLR ORL

» Theoretical cross section calculation:

oMY (P_ P, ) :%(H}ﬁ Ca- (14_0‘5.@ 5) . OLR
LR
—l—%%-a- (1_0_5.m.5) - ORL
RL

n (1—12’5—) (1—12’e+) (1+§e—) (1+12’e+)

ca- o+ + O+ ORR

» Remark: For each process and channel one « and 3 will be introduced
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Polarization, Scaling Parameters & And Asymmetry Deviation 5 Combined

Results for statistical uncertainties only

x2 / NDF 727.42 / 708
Parameter Actual Value Fit Value Parameter Actual Value Fit Value
P~ (%] —80 —80.1 + 0.038 Py (%] —30 —30 + 0.032
Pt (%] 80 80 + 0.013 P;_ %] 30 30 £ 0.043
aW:, (eviv) 0.8 0.8 £ 0.001 Byw+ (eviv) 0 (6.4+7)- 10—4
= (eviv) 1.1 1.1 4+ 0.0012 By— (eviv) 0] (8.7 £ 12) - 10—4
a4 (evqd) 0.79 0.79 £ 0.00066 B+ (evad) 0 (1.9 4+4.1) - 10— 4
oy — (evan) 1.2 1.198 + 0.00087 B8y (evaa) 0 (—4.6+7) -10"%
aww (4249a) 1.2 1.2 4+ 0.00069 Byww (4497) 0 (—4.1415) 1075
aww (wiv) 0.78 0.78 £ 0.0011 Byw (i) 0 (1+0.55) 1073
ayww (lvaa) 0.9 0.9 £ 0.00052 Bww (lvaa) 0 (-2.8+1.5) -10"%
o z7(q3q9q) 1.1 1.1 4 0.0011 Bz (4a47) 0 (5.1 +120) - 1070
PALID) 0.91 0.91 £ 0.0027 Bz (111 0 —0.011 4 0.0036
oz (1lqq) 1 0.999 + 0.00098 Bz (llqq) 0 (—2.7+12) - 10~4
agzzww (a3qq) 0.93 0.93 £ 0.00058 Brzww (424a) 0 (1.2+3).10"4
agzww (wiv) 0.82 0.82 £ 0.0011 Buzww (Wwiv) 0 (—2.140.89) - 10~3
az(q7) 0.79 0.79 £ 0.00014 By (qq) 0 (—2.9+£3.6) 10"%
azy(tiT) 0.88 0.88 4 0.00022 GRS 0 (—2.8 +4.6) 10~%
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Polarization, Scaling Parameters & And Asymmetry Deviation 5 Combined

Results for statistical uncertainties only

x2 / NDF 727.42 / 708
Parameter Actual Value Fit Value Parameter Actual Value Fit Value
P [%) —80 —80.1 4+ 0.038 P, (%] —30 —30 & 0.032
e— e
Pt (%) 80 80 £ 0.013 Ptr %] 30 30 + 0.043
e e
oyt (eviv) 0.8 0.8 4 0.001 By (eviv) 0 (6.4+7) 1074
o (vl . PP ] . - 102
— )
. . N 0
oyt (v V" Simultaneous fit of the 4 beam polarizations and
I ; . 0%
— the 28 pseudo nuisance parameter possible —
o ww (9999 10
i . . b—3
oww (Wi v All pseudo nuisance parameter correctly determined 2
ayww (lvgg 10~
o .. .. =5
o7 (4999) V" No effect on the polarization precision P
PID) 036
azy(llqq) T 0.000 £ 0.00008 Bz (qq) 0 =TT 104
azzww(qﬁqa) 0.93 0.93 4+ 0.00058 ﬁzzww(qﬁqﬁ) 0 (1.2 + 3) - 10_4
o zzww (wiv) 0.82 0.82 + 0.0011 Bzzww (Wwiv) 0 (—2.140.89) - 10~3
az(q7) 0.79 0.79 £ 0.00014 Bz (qa) 0 (—2.9 £3.6) 10"%
az(tiT) 0.88 0.88 £ 0.00022 ByUtiT) 0 (—2.8+4.6) 10"%
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Conclusions

» Polarization provides a deep insight in the chiral structure of the standard
model and beyond

> A permille-level precision of the luminosity-weighted average polarization at the IP is
required

» Determination of the luminosity-weighted average polarization from collision
data

» Combining all relevant processes including all uncertainties and their correlations

> Precision improvement and robustness against BSM effects due to differential cross
section

> Simultaneous cross section measurement is possible

» Combining polarimeter measurement and determination from collision data

> Permille-level statistical precision can be reached after ~ 3 years of data taking

> Uncertainties from the spin tracking still have to be included

Robert Karl | Polarimetry | 26.06.2017 | 17/20
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ILC Reference Running Scenario:

§3ooo E;‘Eggz Vi (1) o) (o) () [Ldt
T A
520005 g 250  67.5 225 5 5 05/15
£ 10002 350 67.5 22,5 5 5 0.2
S RS 500 40 40 10 10 05/35

years

» Measurement of the luminosity-average polarization from collision data:

> Depending on the integrated luminosity £, the helicity splitting and the Ecus
> Results will be presented according to the H-20 ILC running scenario

= Comparability to other studies

» The polarization determination can be performed for any running scenario

= Polarimetry is not affected by any staging scenario

Robert Karl | Polarimetry | 26.06.2017 | 21/20 %



Toy Monte Carlo

Toy measurement:

» Signal expectation value:
<D> = Otheory * € * L+8B

» One toy experiment:
Random Poisson number around each (D)

» Determine Pjti for each toy experiment

» Simplified case for illustration:
» B=0ande=1
> Statistical uncertainties only

> Using 10* toy measruements
Polarization uncertainty:

» Gaussian fit of toy measurement distribution

» Perfect match between Gaussian width and
polarization error

- 3
S 10 Pt —200 fbo*
1S3 p
=] e —500 fb*
£ "ol o 1o\ —3s00
il (I |
10 E’m } ‘11
7 { 'ﬁ
I ()
i |
-0.804 -0.802 -0.8 -0.798 -0.796
P
.n‘-m o
G
g . \\\\ 7XZ aus
10
B
10°
L{1/fb]
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Testing for a Non-Perfect Helicity Reversal

» Variation in the absolute polarization

g g05 15
&’ [ > Toy Measurement for 5 different
r e 0 polarization discrepancies for both beams
8ol st ) (magenta triangle)

> Nominal initial polarizations:
|P,—| =80%, |P.+| = 30%

79.5 0 » Statistical uncertainties only
79.5 80 2_30.5
P 1[%] 2
X -minimization:
> No difference between the residuals:
[%]
[ P
£ t _p: > with equal absolute values (solid lines) and
g [ e
s 200 ‘Eg’ > without equal absolute values (histograms)
[ E\ ] > Correct determination of the 4 polarization
100f ] values
01 ‘ | v Can compensate for a non-perfect
-0.001 0 0.001 helicity reversal
Residual P
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Previous Analyses (Statistic Uncertainties Only)

Single boson: [4]
» £ =2000fb", E=>500GeV
» No background estimation
» Fiducial cross section cuts

» Simultaneously cross section
measurement

» Additional constraint on d:
A§ =103

AP,_/P:0.085% AS,—/P:0.12%
AP+ /P :0.22%

Ab.+ /P :0.32%

W-pairs: [5]

» L=500fb", E=500GeV
» Usingonly e" et — WH W~ — qqlv

v

Full background estimation

v

Differential cross section (angular fit)

v

Simultaneously measurement of Triple
Gauge couplings

> Only using 2 free parameters

AP, /P:0.08% AP, /P:0.34%
e W= = w—
+ wt + wt

e
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Advantages of Polarized Beams

» Sensitivity to additional observables (e.g. left-right-asymmetry)
» Reduction of background processes and simultaneously increase of signal processes

» Deep insights into the chiral structure of the weak-interaction for known and
unknown particle

All event rates depend linearly on the polarization! [1]
= Has to be known as precisely as the luminosity!

= Requirement for permille-level precision

Robert Karl | Polarimetry | 26.06.2017 | 25/20




Polarization at an e~ eT Collider

» Consider only one electron positron pair:

> Helicity is the projection of the spin vector on the direction of motion
> In case of massless particles, helicity is equal to chirality (left and right handedness)

> f Bin > By — me~0  eg ILC: Byn/Eo ~ O (105 — 109)

e et
e e
ORL > < ehler "7 f
OLL <=) <=) e, /er Jp =0 f
ORR =>) p &— ej/eg f

» For a bunch of particles the polarization P is defined as:

_ Np—Ng {NR : The number of right-handed particles

" Nr+ N. Ni:  The number of left-handed particles
Robert Karl | Polarimetry | 26.06.2017 |  26/20



Production of Polarized Beams

Electron beam:

» Shooting of a circular polarized laser on a photocathode
» Switch between polarization signs (helicity reversal)
= Switch between signs of the laser polarization

Positron beam:

» Production of circular polarized v's from e~ -beam
propagating through a helical undulator

= et obtained via pair-production of the v's

> Helicity reversal
= Switch between two beam lines

www.xfel.eu/ueberblick/funktionsweise/

B Kicker Magnet Line with negative
Amp ole + FODO solenoid field To Damping Ring

== Solenoid

Spin Direction
—_

From polarized A

‘source 3

Line with positive
solenoid field
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ILC Aims for Precision Measurements

E.g.: Measurement of the Triple Gauge Couplings (TGC) [5]

Combined ALEPH, L3 and OPAL results Precision at the ILC

Parameter 68% C.L. Nominal Parameter Value
9y 0.98470-922 1 Agl, 7.6-107%
Koy 0.97375-0%% 1 Akiy 7.7-10%
Ay —0.02819-020 0 5Ay 15.5-10~*

= roughly 2 orders of magnitude better precision

= Polarization has to be known as precisely as the luminosity!

= Requirement for a permille-level precision of the
luminosity-weighed average polarization

Robert Karl | Polarimetry | 26.06.2017 |  28/20

Previous achieved polarization precision
» HERA: AP/P = 2%stat ® 1%sys [6]
» SLAC: AP/P=1.1% [7]



Laser-Compton Polarimeters
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Laser-Compton Polarimeters

Magnetic chicane of the upstream polarimeters » Compton scattering of the
Feee rET beam with a polarized Laser

Dipole Dipole 3 )
» O(10°) particles per bunch

""" T 458 cev (2-10'9) are scattered

Laser IP T

= 250 GeV -~ | | P
"""" TS Ciinicvaziecer > Magnetic chicane:
i energy spectrum
2aemt | = spatial distribution

total length: ~75 m

» Energy spectrum measurement:
= Counting the scattered particles at different positions
» Design of the magnetic Chicane:

> Laser-bunch interaction point moves with beam energy
— position of the Compton edge stays the same

> Orbit of the non-scattered particles is unaffected by the magnetic chicane
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Cherenkov Detectors: Basic Concept

LED
calibration
system

Cherenkov
photons

U-shape channels filled with gas:
e.g. perfluorobutane

Concept

> Scattered particles propagates through
the bottom

> Produced Cherenkov light is reflected to
one end of the channel

> Light measurement with photomultiplier
tube (PMT)

At the other end: LED for PMT calibration

Sampling of the energy distribution
— Number of Cherenkov detector

Energy resolution
— Thickness of a Cherenkov detector

Quartz Cherenkov detector concept:

Ref.: Theses Annika Vauth
31/20 %

http://bib-pubdbl.desy.de/record/171400
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Differential Compton Cross Section

< 50 Energy dependence:
Q
§ 40 doc  2mr? E
£ — = AP -be); =1- =
£ dvo (ac + AP -bo);  yo %
£ 30
£
§ \ e~ Polarization: P; Laser Polarization: A
20 DarkBlue: AP = +1
o X : Cyan: AP =-1
0.0, < 0 10 o 280 Calculating P; of the i-th channel with
Energy of the Compton-scattered electrons [GeV] asymmetry A;, analysing power II;
Ei+A/2
N7 — Nt ;7 -1 d
= =T I = / e dyc
Ny +N; Iy +1; dyc AP=+1
Ei—A/2 -
NE = #ecompton for AP = £1;  E; : energy of i-th channel; A : energy width
Ay
= Mi=— = P=(P)

IL;
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Compton Scattering Cross Section: Formulary

dyc to E, E,: e ,v energy before
E'Ir AEE, o (190) Compton scattering
=1—- —; x¢c:= —
ve B C m2 2 E', El: e ,v energy after
Compton scattering
ro = —J¢
¢= ze (1 —ye) Me, Te : mass, classical radius of e~
_ Yo : crossing angle between e™,
ac:z(l—yc) l—l-l—yc 0 gang v
—dre (1 —1¢) P : longitudinal polarization of e~
A :  circular polarization of 7 aser
beo = rcxc (l — 21"0) (2 — yc)
Characteristic Point:
E E
Eérossover = ma E(/:omptonEdge = Er/nin = 1+ 20
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Spin Tracking
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Spin Precession

—
B @ » Polarimeters are 1.65 km and 150 m away from IP

— Particles propagate through magnets
— Magnets influence the spin, as well

— Described by Thomas precession

> if BH = E =0
45— (1+ay)B)x3
dt my
» Effects from focusing and defocusing can cancel

quadrupole magnets » For a series of quadrupole magnets

‘P described by the angular divergence 6,

F(Or) = [Plonax - cos (1 + a7) - 6y)
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Collision Data
Consider Angular Information by Using differential Cross Section
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Special Case: The Modified Blondel Scheme (MBS)

» Constraints for the Modified Blondel Scheme:
> Process must fulfill: o) =org =0

> Perfect helicity reversal: +|P| +— —|P| = |P|= const.

» Unique solution:
4 possible cross section measurements: o_i, 04—, 0—_, 044
Maximal 4 unknown quantities:  oLr, orL, |Pe-|, |Pet]
» Solve for |P,+:
1+|p_|) (1F|P 17|P,_|) (1|P
S CES A ST ) N CES ) U CESLS) B
» Modified Blondel-Scheme:

1P| = (0y+o4—0 —o4y)(Fo 4 For to _—o04y)
“ (04 +tor-to—topi)(Foy For-—o-— +oiy)

» Uncertainties are calculated via analytic error propagation
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Previous W-Pair Study by lvan Marchesini

W-Pair Production:
» Using e et = WTW™ = qqlv
» Statistical uncertainties only
» Consider equal absolute polarizations

> Including full background study

Analyses techniques: (overview)
» Modified Blondel Scheme
» Angular Fit:
> Using a x2-minimization

> Considering the production at different

angles

Studied effects on deviations of the
absolute polarization value

Measurement of triple gauge couplings

Ref.: Theses lvan Marchesini
(http://pubdb.xfel.eu/record/94888)

% error polarization

% error polarization
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[ j j 3(?:% e pol 'BO% e pél ':

r —e— positron Blondel 4

0.8 . —=— electron Blondel ]

r = positron Fit ]

0.6 - * electron Fit n

04l '\ . E

02+ \h_.__._,_,

N SRR T T DL
0 200 400 600 800 1000 1200

Luminosity fb!

1 T T T T — T

60% e” pol 80% € pol 1

—e— positron Blondel q

0.8 —=— electron Blondel ]

= positron Fit 1

0.6 * electron Fit —

04 B

02 >ty ]

o N T
0 200 400 600 800 1000 1200

Luminosity fb™'
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Previous Single W#, Z, v Study by Graham W. Wilson

Single W+ Single 7 Single
e et — eil/,uqzu e et s uvZ e et — vUYy;
S Ve/Ve et Te
w* wt
w# gl
Y %%
e:F E:F e Ve
# P AP/P » Using a x?-minimization
2 P, 0.07% > Total cross sections only
Py 0.22% > Simultaneous cross section measurement
> Using 4 processes simultaneously
4 P, 0.0859 . Loy .
¢ & » Only statistical error with fiducial cuts on cross sections
0,
Oe- 0.12% » Measuring absolute polarization deviation
0,
Pe+ 0.22% Ref.: Talk Graham W. Wilson (https://agenda.linearcollider.
St 0.32% org/event/5468/contributions/24027/)
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Previous Single W¥, Z, v Study: Leading Diagrams

Single W+ Single W~ Single Z
et Ve et Ve
wt Wt
wt 7
v W~
e e e Ve
Single v
v et Ve
et Y
Ve wt et Ve
Y A
W
e~ Ve
e Ve e~ Ve
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Expected Polarized Cross Section

» Theoretical polarized cross section in general:

1-P-) (=P 14P, ) (14P
Uthe°’Y(P€*7Pe+):( 7 ) 2#) 'ULL+( 7 ) 2e+) - ORR

1-P _ 14+P 1+P _ 1-P
S0P on) () 0or)

» Nominal ILC Polarization values

P = —80%, Pr =80%, P = —30%, Ph = 30%,
| — —_——— —_——— —_————
"left"-handed e—-beam "right"-handed e—-beam "left"-handed et -beam "right"-handed et -beam

» Cross section of the 4 polarization configurations

S
I
I

o (Pe__ , P;_) 044 =0 (P:_ , P;_)
o (P; , P:;) O4_ =0 (P; , P;)
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Generation of Correlated Uncertainties: Fast Helicity Reversal

Generation of Correlated Uncertainties

= Change between data sets (0_4, 04—, 0—_, 04+4)
faster than change in detector and accelerator calibration

= Change between data sets during normal run without additional breaks

ILC Bunch Structure Two possible frequency:

02s

WL Qe

0.95ms - one train

> train-by-train:

switch between two trains

» Technical feasibility much easier for train-by-train

» Switch train-by-train should be sufficient for polarization precision

= Precise correlation coefficient still to do
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Consider Angular Information by Using differential Cross Section

Consideration of the Addition Information from the Angular Distribution

» Total cross section

> Rely on theoretical calculation

= Susceptible to BSM effects
» Differential cross section

> Additional usage of the angular information

= Increase of the robustness against BSM effects
» Starting with Single W Process

> Angular distribution has a large dependence on
the chirality

> Separated in W+ and W~ production
= Sensitive to individual beam polarization

> W only sensitive to P+

> W™ only sensitive to P, _

» Further processes can easily be included
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Consider Angular Information by Using differential Cross Section

Single W¥: Polar Production Angle Distribution

§ 10 ‘\_H_‘ J_,;*'_r‘ 5 107 — 5 107 e
2 = = T |
I < ﬂ:‘:u, ey -
BN L] 3 107° £ t 3 10°
g e e M g e, e O r: l\_‘ﬁﬁ_l
107 FLER g 10°F R L W0°EFR "R T
Le -W Le -W* Le -W =
-4 \-4 —
0% T 2 3 1075 1 2 3 0% 1 2 3
6 [rad] 0 [rad] 0 [rad]
= 1 s 1 s 1 =
g z g g J
S 107 J_Hf S 0t = 3 10t —
2 S O B e H
g ] S Egj 2 ;H
2 107 — 2 107 Lt 2 107 s
] ] i ]
— s Capy
8 s . e | 8 e, e ‘\ 8 = i
i et W et W r’} et W
10%0 1 é 3 10740 1 é 3 10740 1 é 3
6 [rad] 0 [rad] 8 [rad]

» Single differential cross section: do /90

> Two independent angles: 6., Oy

> For now start with 0, — eT also needed for separation between w*
» 0o /00 will be calculated via Ao;/Af; ("cross section for the i-th bin in ")
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Consider Angular Information by Using differential Cross Section

Defining Differential Cross Sections

Measured cross section:

differential cross section

=~ cross section per ith bin
oo N ﬁ L (SZD — (51%
ae 10U data — 52’5 K L:

6;D  Number of signal events
3B  Number of expected background events of the ith bin
d;6  Selection efficiency
L Integrated luminosity
Theoretical cross section:
Cols ) (elral), L Clen)) (el

)

)5

(=72 ]) ()75 )
+ 2€ 26

0io++ = iOLL

2 2
([ ]) (]
e et
2 2

5i0'theory = f (01) * Otheory

0:0LR

51'0'RL

1 (8;) is directly obtained from the angular distributions
Robert Karl | Polarimetry | 26.06.2017 |  45/20



Consider Angular Information by Using differential Cross Section

Implementing Differential Cross Sections in the x> Minimization

Replacing: ¢ — 6ro + Sum over all bins

X = D) (0rFaata — GhGuneory) " (52) " (61 sata — 5kFineory)

process 6
- T
0p0 1= (5ka_+ 0po4— Opo—__ 5k0++)
02 = 02N + 0pEm + 0xZe + OkZ=r;

- oo ooy O(0k3) O (0155
(6kZe); = corr (ai , O'j) %ﬁA (0res) A (kej)

Remarks:

» Due to correlations, the binning in 0 has to be equal for all cross sections
> It can differ between processes and decay-channels

» Range and number of bins of 6 can be changed externally for each process
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Consider Angular Information by Using differential Cross Section

Contributions to "Actual" Single W Production

e e ¢ e Polarization dependence:
v, Z v, Z ) » Positrons:
—>—f < f = only right-handed: e;
. _f(_]‘cl . \i)_ f » Electrons:
ot 7, ot 7. > difference for v, Z
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Consider Angular Information by Using differential Cross Section

Further Contributions to Single W Production

Contribution from t-channel process:

_ _ e _
e 74 e Ve
Ve
v w
6+ W+ €+ ve

Contribution from s-channel Z process ( only for

€ e

» t-channel contributions:
» W-pair production
» W exchange

» Polarization dependence:

+

— only e

+ only e

opposite chirality ):
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E 500 | 350 | 250 500 | 250
L 500 | 200 | 500 || 3500 | 1500

Without Constraint
P~ | 02 | 03 | 0.1 || 0.08 | 0.09
P* 1005 | 0.06 | 0.03 || 0.02 | 0.02
P | 01 | 0.1 | 0.06 || 0.04 | 0.04
PH | 02 | 03 | 0.1 || 0.08 | 0.08

With Constraint

P_ | 01 | 01 | 01 || 007 | 0.07
P* 1004 | 005 | 0.03 || 0.02 | 0.02
P | 0.09 | 0.09 | 0.05 || 0.04 | 0.03
PY | 01 | 01 | 009 | 007 | 0.07
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Systematic Uncertainty Calculation

Selection Efficiency &

» Realistic values for € and Ace still missing
» ¢ values for:

» W-pair production: Thesis lvan

> Single W: Accessible due to the work of our former intern Sebastian Garcia

Expected Background Prediction 5

» Background estimate B + A% is also missing for each process

» Full background analysis for every process is not feasible

» WW — qqlv: ®B can be taken from lvan’s thesis

= Assuming similar B for other boson pair
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Simultaneous Fitting of chiral cross sections

Similar to G. Wilson's single boson study: 7-parameter single boson fit

y z M M

9Lr 9Lk 9LR  OLR 2ab™" equally distributed
op, 0465 0.066 0.066 (statistical errors only)
0.0 00 oy 00

0.0 0.0 0.0 Ol |P.—| = 80.000 + 0.056%
|P.—| = 30.000 + 0.065%
Ongoing Work for the current study: 0} =3098.0+2.7fb

T =
» Implementing of free linear cross G, = B02s LD

section scaling parameters oZp =159.40 £ 0.57fb

B
» Each chiral cross section can be scaled opr = 580.9 £ 1.1fb
individually or fixed 0% = 06574+ 1.1b

» Chiral cross section can have the same Beam polarizations correlation:
scaling parameter

p(IP.-|,|P.|) = 14%
» Which cross section is scaled will be \ y

changeable
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Polarization Measurement Reminder

» Determine the pull term:

dat th
gdata _ o eory(Pe_’Pe+)
Ao

» Calculating P,—, P.+ by minimizing all pull term:

o_theory (Pe_7Pe+) _ (1—}233—) (1+§e+) - OLR +(1+§e—) (1—1235+) - ORL
1-P _) (1—-P 1+P, ) (1+P,
S0P 0oP) ) (5n)

= Relay on precise knowledge on o(Rr, orL, OLL, ORR
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Unpolarized Cross Section Discrepancy

» Assume precise knowledge of the left-right-asymmetry Agr_ but the unpolarized cross
section g is uncertain

oo — «a-00=025 (e -orR+a-0or + a0+ & 0orR) acRT

» Polarization Determination for different a's

> All processes scaled with the same «

> Unscaled cross sections used for the minimization (o = 1)

> Polarization in red corresponds to a deviation larger than 50 from the true value
= For a # 1 minimization fails to evaluate correct polarization value

a 0.5 1 1.1

x2 / NDF 3.9453 - 107 / 736 739.17 / 736 | 8.3034-10° / 736
P %] (—1.543600) - 10712 | —8040.027 —90.6 4 0.027
PT %] 95.41 £ 0.0057 80 £ 0.01 77 +£0.01
P %) (—2.2 4 36000) - 10=13 | —3040.012 —2740.012
Pt (%] 54.7 +0.013 30 +£0.018 32.6 £ 0.017
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Introducing the Pseudo Nuisance Parameter Vector I

» Define the ratio R between the "actual" cross section gactual and the SM cross

section osm

R(f) — OTactual

OsM

> In general R can be parameterized by an arbitrary set of parameters Z

1
o_theory (Pe_ , Pe+ , 50') — (

+

» Unpolarized cross section scaling: Pseudo Nuisance Parameter Vector

= Rr (Z) = R (3) =

(1-r) (1471
2

Rir (%)

o_theory (Pe* ) Pe+ ’ a) =

+ww,

—P _) (14P N
—a ) (4Per) 26+)‘RLR(x)‘ULR+

(1-p,) (1= e+) “Ru (Z) - ou +

2

1-P 4+

(1+P,-) (1—PE+)
2

(17,-) <1+P )

RRR(E’)EO(
“a-OR+

ooy EP) (P
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(1+P,-) (1=P.+)
2 2

J’_éa’—.

“ Rre () - orL

- RRrRr (Z) - orR

=«

- Q- ORL
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Fit of the Polarization with Scaling Parameter

x2 / NDF 755.18 / 722
Parameter Actual Value Fit Value
P~ [%] —80 —80.1 + 0.035
Pt (%) 80 80 + 0.012
P (%] —30 —30 £ 0.014
e
Ptr 1%] 30 30 + 0.02
e
oyt (eviv) 0.84 0.84 + 0.001
oy — (eviv) 0.87 0.87 £ 0.001
oyt (evad) 0.84 0.84 4 0.00059
oy — (evaa) 1 1 4 0.00065
o ww (4397) 1.2 1.2 + 0.00047
(i) 0.98 0.98 £ 0.0011
aww (v aq) 0.8 0.8 4 0.00033
o z7(43q99) 1.1 1.1 4 0.0011
o g7 (U1 0.99 0.99 + 0.0028
az7(llqq) 0.91 0.912 + 0.00093
o zzww (adqq) 0.75 0.75 4 0.00038
o gzww (wiv) 0.77 0.77 4 0.00097
az(q7) 0.78 0.7799 £ (10 - 1079)
ay(tiT) 1.2 1.2 £ 0.00025

Minimization:
» All processes scaled by a random «
value

» For each process and channel an
individual free scaling parameter was
included

» All o's initialized with 1 within the
minimization

= Correct determination of the
polarization and the scaling
paramters

—» Tested for various « values
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Discrepancy of the Asymmetry

In general 6 different asymmetries of the total chiral cross sections:

ALR . OLR = ORL AR . LR = OLL ALR . OLR — ORR
RL ‘= —————— L= ——— RR ‘= ———————
OLR + ORL OLR + OLL OLR 1+ ORR

RL ORL — OLL RL ORL — ORR RR . ORR — OLL
ALL == ARR = ALL =
ORL + OLL ORL + ORR ORR + OLL

Including a new Pseudo Nuisance Parameter
(Shown for AL, analog for other asymmetries)

U'LR+0'RL.B RRL(IB)::l_O'5.ULR+URL.ﬁ

Rr(B):=14+05-
OLR ORL

The definitions of the cross section ratios R are set that the asymmetry differs by 5

’ ’ OLRTORL _ _ OLR*TORL | )
4 — TR ORL _ Riror — RrioRL (ULR + =3 ﬂ) (URL 2 B)
olg + 0k RirOLR + RrLORL (m_R + ZBREIRL . ﬁ) + (JRL - —”LR;URL . ,8)

2
— ... =A+8
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Choice of the Asymmetry for each process

Bw+ (evlv) ARR | single W requires a
B+ (evqq) A'ﬁ'; right-handed positron
Bw - (eviv) AR | singleW™ requires a
Buw- (evqq) AII:E left-handed electron
Bww(qa9q) | AR}
Bww (lviv) ALR
— LR
Bww (lrqq) AE'}; All those processes have
Bz2(9399) ARl | oLL=0rr=0
LR
Bz (1) AR So only ARR is meaningful
Bzz(llqq) AR
Brzww(4aqd) Alﬁﬁ AII other asymmetries are
R either 0 or 1
Bzzww (wlv) | Agl
Bz(q9) AR
Bz(IT17) AR
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Polarization, Scaling Parameters & And Asymmetry Deviation 5 Combined

Results for statistical uncertainties only

x2 / NDF 727.42 / 708
Parameter Actual Value Fit Value Parameter Actual Value Fit Value
P (%l —80 —80.1 + 0.038 P (%] —30 —30 £ 0.032
P:i [%] 80 80 + 0.013 P::_ (%] 30 30 + 0.043
o (eviv) 0.8 0.8 £ 0.001 Byt (eviv) 0 (6.4+7) 104
Ay — (eviv) 1.1 1.1 £+ 0.0012 BW_ (eviv) 0 (8.7+12) - 10—4
ot (evad) 0.79 0.79 + 0.00066 B+ (evad) 0 (1.94+4.1) - 10— %
oy — (evad) 1.2 1.198 4 0.00087 Byy— (evad) 0 (—4.6£7) 1074
ayww (4399) 1.2 1.2 + 0.00069 Bww (4d4a) 0 (—4.1£15) 1072
aww (i) 0.78 0.78 £ 0.0011 Byw (wiv) 0 (1+0.55) 1073
o ww (v aq) 0.9 0.9 4 0.00052 Byww (lvaa) 0 (-2.8+1.5).10"4
o 47 (q3497) 1.1 1.1+ 0.0011 Bz (49497) 0 (5.1 + 120) - 1075
a gy (L) 0.91 0.91 + 0.0027 Bz (111 0 —0.011 4 0.0036
a g7 (1lqq) 1 0.999 + 0.00098 Bz (llqq) 0 (—2.7+12) 1074
agzww (a399) 0.93 0.93 £ 0.00058 Bzww (a3qq) 0 (1.2+3).104
agzww (Wwiv) 0.82 0.82 + 0.0011 Buzww (i) 0 (—2.1+0.89) - 10—3
az(q7) 0.79 0.79 £ 0.00014 Bz (q7) 0 (—=2.9+£3.6) 10"%
az(tiT) 0.88 0.88 £ 0.00022 Bzati—) 0 (—2.8 +4.6) 10~4
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Preview: Triple Gauge Couplings Fit

» Set Triple Gauge Couplings as free parameters Z = (dg 0k dA):
R(8g,0k,0\) =14+ A-8g+ B-0k+ C-6A+ D-3g° + E-6x° + F - 6)°
+G-0g-0k+H-0g-0A+1-0Kk-35A\
» The coefficients A, B, C, D, E, F, G, H, I are fixed but depend on:

> The chiral structure Apr, Arr, ALL, ARR, BRL, - - -
> The individual process and the channel

> The angular distribution according to the differential cross section

» The coefficients have to be calculated from MC simulations

> Using whizard to determine the coefficients but method will deviate from previous

studies
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