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Higgs Effective Field Theory

® LHC results strongly suggest that there is

a significant mass gap between the Higgs energy
and BSM particles BSM
>TeV
® |n this situation, BSM corrections to e
Higgs properties are parametrically small:
a0 ~ H!;ﬁj‘.‘.ﬁir‘-“ Sur {2)! wx U {11“_
Higgs
® Moreover, BSM physics must respect the 125 GeV U()en
full gauge symmetry of the SM
e Effective Field Theory (EFT) gives a
systematic way to parametrize correction
to Higgs properties under these

conditions, by adding “effective operator”
terms to the SM Lagrangian

General SU (2) xU (1) gauge invariant Lagrangian with
dimension-6 operators in addition to the SM.
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After EWSB
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The couplings 7, £, as well as TGC's & EWPO's are functions of the dim 6 operator coefficients c,
Some examples:

Higgs couplings
1

_ . ) /

Nz = (—cr — oCH ~ CHr)

o (_r . Y. w = Gw = S(eww

L / (z = Cow = 8(cgeww + 2s CI‘LB"'SUCBB)

_ o 7

w = (—cm —cyyp)

TGC's
1 1 , ] 58 _
Ag — D) B (QLT Crrr, — 83(.‘.[1 B)
(_.,0 — .50 [U
An — —|—8C'»I-»VB
2
.,U
A —06—c
A s2 EWPO's
2
‘ ‘ ‘ C ‘ .
mi, /m3 = ci + (Q—ng (cep — 282(c)y, + 8cwp)
0 20
5 s ‘ 1

2
:‘7* = 1(70 + .

I’ El 12 ¥ tl 12 tl ¥
ﬁ((-'HL + 8(_,{,1_.-'3 — (-'O(-'T) — 5{_.;[[; — Sn({..HL — (-'HE)
0 20



Five angles used in TGC analysis of e'e” > W '"W "~

® =W polar production angle
6*,p* = fermion polar and azim. angle in W~ rest frame
0*,o* = fermion polar and azim. angle in W* rest frame
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The correlated distributions of these 5 angles are used as a polarization
analyzer to separate out the multiple combinations of transversely and

longitudinally polarized W* and W~ bosons.



How well can TGC's be measured at ILC 2507

In order to properly estimate the TGC sensitivity a full detector simulation
study of signal and background processes is required. Such a study

IS ongoing, but results are not yet available. Three alternative methods
are presented here:

1. The statistical error using final state fermion truth-level momenta is calculated
without initial state radiation or beamstrahlung.

2. Full simulation results at /s = 500 GeV are extrapolated to /s = 250 GeV
3. Actual LEP2 results at /s ~ 200 GeV are extrapolated to /s = 250 GeV



Statistical Error Calculation

(referred to as MC_ ., method in following tables)
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Solid angle detector coverage and global efficiency are included



Extrapolation of TGC precision from Energy A to Energy B

- Statistical factor 1/4/oL
« Factor 1/s to account for energy dependence of
SU(2)xU(1) diagram cancellation
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For the extrapolation of the full sim results at 500 GeV to 250 GeV one
additional correction is required. The full sim analysis at 500 GeV only

used the three angles ©,6*,¢* and only used the semileptonic event
topology. The correction factor k, is therefore applied where

B TGC precision 3 angles, semileptonic only
TGC precison 5 angles, semileptonic + fully hadonic

as calculated with the statistical method mentioned previously.
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MC, ., parameters: |cos®, |,.,=0.85  MC eff=0.684
En  Lumi stat error (x107*) correlation
Method  Processes ey (Gev) (b)) N, |9 «x A |9k, 04 K4
LEP2 W'W™ & Wev 0 0.68 3 420 540 360 |-0.17 -0.62 -0.15
MC,. W W - 0 200 0.68 3 |640 1000 340 |-0.86 -0.23 -0.09
MC., ., W'W "~ +0.42* 200 068 3 |420 680 340 |-0.68 -0.30 -0.19
MC,,,, W W +0.8 250 2000 3 |28 4.1 3.9 [-004 -0.38 -0.36
MC,,, W W - 0 250 5000 3 |49 57 25|-084 -0.14 -0.17
LEP2 W'W™ & Wev 0 0.68 1 |27/0 550 270
LEP2 W'W -~ 0 068 1 |27/0 680 270
MC,, W W 0 200 068 1 |260 420 270
MC,. W W - +0.8 250 2000 1 |25 3.7 3.3
MC,,. W W - 0 250 5000 1 |23 27 21

* try to mimic inclusion of single W

Pure e'e” ->W "W results from LEP2 are only available

for 1 parameter fits.

The statistical analysis seems

to overestimate the «, precision a little bit.



stat @ sys (x107%) correlation
Method Npar q Ky Ay q Koy g% Ay | Ry A
[LC500—ILC250 3 8.76.1 | 10.06.7 | 7.8 3.1 | 0.63 | 0.48 | 0.35
[LC500"—=ILC250 | 3 3.6925 | 5321 3915 || 0.63 | 048 | 0.35
ILC250truth 3 286...]416... |39¢... | -0.04 |-0.38 |-0.36
LEP2—ILC250 3 5136 | 6.66p3.7 | 4413 || -0.17 | -0.62 | -0.15
[LC250truth 1 25®d... |3.76hH... |3.36h... — — —
LEP2—ILC250 1 3316 | 6.763.7 | 3.361.6 — — —
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Toward a Full Simulation TGC Result at ILC 250
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Beam Polarization and TGC Precision Determination at 250 GeV

» Using W-pair production in the semileptonic channel: ¢~ e™ — qgu~v

» Using a ¥ Minimization:

XQ — Z (aﬂatdata - 8Qa:thecirjg;)T E_l (aﬂatdata - aQEtheow);

Q;
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» Oq0theory 1 the expectation value of the differential cross section

» Calculated directly from the matrix element
» The dependence on the TGC's are determined via an EFT

> Q= {0y, 0], ¢} }
Oyw—  polar angle of the W
07  polar angle of the down-type lepton in the rest frame of the W
w;  azimuth angle of the down-type lepton in the rest frame of the W

» 0n04ata 1S the measurement of the differential cross section

» currently derived from a Poisson
smearing around 3fotheory Robert Karl | Polarimetry + TGC | 26.10.2017 | 1/4
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Optimal Observable Analysis of TGC's
7°(€)= 2 ((O)-E[O]V;" ((O) —E[O)])

do.) o do B}
O — —»O — ’ C= 1 ’ J ﬂ“
! (dgj oc, dQ @ . & 4)

Q=(cos®, cosd* , p* , cosf* , o

(O) = measured mean value of O

V;, = covariance matrix for measured O

E[O](c,) = expected mean value of O obtained by
reweighting fully simulated events
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Summary

total error (x10=%) correlation

Exp Noar | 97 | Ky Ay gt Ky | gt Ny | By N,
LEP2 3 516 | 618 376 -0.17 | -0.62 | -0.15
ILC 250 3 4.4 | 5.7 4.2 0.63 | 048 | 0.35
LEP?2 1 300 | 626 292

LHC 1 319 | 1077 | 198

HL-LHC 1 19 | 160 4

ILC 250 1 3.7 | 5.7 3.7

« TGC's will be measured with accuracy of 4 -6 x 10™

« Work is ongoing to provide a definitive full simulation
estimate of the precision

« Compared to HL-LHC, ILC250 provides significantly better

precision for x, and g, and comparable for A,
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