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k framework vs. EFT

From the CEPC preCDR and
11 “Physics Case for the ILC”
| 1 ([arXiv:1506.05992])
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» Conventionally, the constraints on Higgs couplings are obtained from
global fits in the so-called “x” framework.
gy =gy

» Anomalous couplings such as hz"*Z,,,, or hZ,0,Z"" are assumed to be
zero.

» EFT framework

» Assuming v < A, leading contribution from BSM physics are
well-parameterized by D6 operators.

» Gauge invariance is built in the parameterization.

» Lots of parameters! (Is it practical to perform a global fit?)

DESY & IHEP

Jiayin Gu

EFT fits and anomalous couplings...



The “12-parameter” framework in EFT

» Assume the new physics
» is CP-even,
» does not generate dipole interaction of fermions,
» only modifies the diagonal entries of the Yukawa matrix,
>

has no corrections to Z-pole observables and W mass (more justified if
the machine will run at Z-pole).

» Additional measurements

» Triple gauge couplings from eTe~ — WW. (The LEP constraints will be
improved at future colliders.)

» Angular observables in e"e~ — hZ. (sce eg [ariv:1512.06877] N. Craig, JG, Z. Liu, K. Wang)

» h — Zvis also important.

» Only 12 combinations of operators are relevant for the measurements
considered (with the inclusion of the Yukawa couplings of t, ¢, b, 7, ).

» All 12 EFT parameters can be constrained reasonably well in the global
fit!
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EFT basis

» We work in the Higgs basis (LHCHXSWG-INT-2015-001, A. Falkowski)
with the following 12 parameters,

6027 Czz, Czo, C’Y"/? CZ'77 ng7 5}’t7 5}4:, 5yb7 5}’77 6yl’a7 AZ~

v

The Higgs basis is defined in the broken electroweak phase.
> 6Cz > hzrz,, Czz <> hZ“UZ,“,, CzO <> hZ;La,,Z/“’.

v

Couplings of h to W are written in terms of couplings of h to Z and ~.

v

3 aTGC parameters (6g1,z, Ik, Az), 2 written in terms of Higgs
parameters.

v

It can be easily mapped to the following basis with D6 operators.

On = 3(0uHR))? Ogg = G2 IHIPGR, GRiY

Oww = g |HIPW2, warv Oyy = yulHI2Q Aug (u—t, ©)
Ops = 9’2 |H|?By., B Oyy = YalHIPQLHdR (d — b)
Onw = ig(D*H)To®(DV )W, | Oye = ye|HI’L Her (e — 7, 1)
Opg = ig' (D" H) (DY H)B, Osw = FgeanWa" WE, we Pk
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Results of the “12-parameter” fit
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» Assuming the following run plans (no official plan for CEPC 350 GeV run)
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precision reach of the 12-parameter fit in Higgs basis

F W LHC 300/fb Higgs + LEP e* e WW
[ M LHC 3000/fb Higgs + LEP e*e”»WW
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solid shade: combined with HL-LHC Il CLI
blue line: individual constraints
red star: assuming zero aTGCs
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some updated results...

precision reach of the 12-parameter EFT fit (Higgs basis)

WLHC 300/ Higgs + LEP 6'6 SWW light shade: CEPC only

LHC 3000/fb Higgs + LEP &*e™>WW solid shade: combined with HL-LHC
M CEPC 250GeV, 5/ab (conservative TGC)
Il CEPC 250GeV, 5/ab (optimistic TGC,
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precision reach of the 12-parameter EFT fit (D6 basis)
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some updated results...

precision reach of the 12-parameter EFT fit (Higgs basis)

LHC 30007 Higgs + LEP &' >WW light shade: lepton collider only
CEPC 250GeV(5/ab) solid shade: combined with HL-LHC
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ILC 250GeV(2/ab), P(e”.e*)=(¥0.8,%0.3)
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why only consider CP-even operators

The CP-odd operators

» only enters at quadratic level for inclusive measurements (but can
contribute to angular observables at linear level)

» are usually strongly constrained elsewhere (e.g. by EDM experiments),
but with assumptions (e.g. the electron Yukawa coupling is SM like)

» are not included in the global fit (but are still important!)
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a simplified picture

On = 3(BuIH))?

Oww = ¢ |HPPW3, wa v
Opg = g'%|H|?B,,, BHY

Onw = ig(D* H)T o3(D¥ H)W3,,
O = ig/ (D*H)T (D H)B.,,

Oga = g5 IHPG],, G

Oy, = yulHI2QHug (u—t. c)
Oyy = YalHIPQLHdR (d — b)
Oye = VelHI?L Her (e — 7. 1)
Osw = Figeans W5 " WS, WoPH

» Opw and Opyg can be constrained by TGC measurements
(eTe™ — WW). (They generates ¢ (hZ,,0,2"").)

» Oy shifts the SM Higgs couplings universally.

» Note: At leading order, Oww and Ogg can only be probed by Higgs
measurements! (So is any operator in the form |H[?Ogy.)
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a simplified picture
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Impact of energy scales, beam polarizations ...

» The EFT framework has features that are not present in the “x”
framework.

» Different parameters have different energy dependences.
> dcz (hZ"Z,) modifies the SM HZZ coupling (no energy dependence).

» ete~ — hZ is more sensitive to ¢z (hZ"* Z,,,), cz00 (hZ,0,Z17) at
higher energies.

» czz and ¢z have negative coefficients for WW fusion (virtual Ws).
» h— WW+*/ZZ* also probes these couplings at a different energy scale.

» The following interference term is sensitive to beam polarizations

2 z
>—Nw// N
> Nk r \\)\
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Impact of a 350 GeV run

precision reach at CEPC with different luminosities at 350 GeV
W CEPC 24 ab) only dark shade: individual fit assuming all other 10 parameters are zero
B CEPC 240GeV (5/ab) + 350GeV (200/fb)
Il CEPC 24DGeV (5/ab) + 350GeV (500/fb)
W CEPC 240GeV (5/ab) + 350GeV (1/ab)
W CEPC 24DGeV (5/ab) + 350GeV (2/ab)
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» Advantages of the runs at higher energies

» Much better measurement of the WW fusion process (et e~ — vizh).

» Probing et e~ — hZ at different energies.
» |Improving constraints on aTGCs (eTe~ — WW).

» Very helpful in resolving the degeneracies among parameters!
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Impact of beam polarization

precision reach at ILC 250GeV (2/ab) with beam polarizations

0,025 FC0=0]01,02003,04,05,06,07.,08,09. 1. F(s)=1-F(-+)
) ILC 250 GeV with 2/ab data [l CEPC 240GeV (5/ab),
dark shadg individual fit assuming all other 10 parameters are zero unpolarized beams GDP
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» Beam polarization helps discriminate different parameters.
» Two polarization configurations are considered, P(e—,e") = (—0.8,+0.3)
and (+0.8,—0.3).
> F(—+) in the range of 0.6-0.8 gives an optimal overall results.
» Runs with different polarizations probe different combinations of EFT
parameters in Higgs production.
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angular observables in ete~ — hZ

» Angular distributions in e"e~ — hZ can provide information in addition
to the rate measurement alone.

» Previous studies
> [arXiv:1406.1361] M. Beneke, D. Boito, Y.-M. Wang
> [arXiv:1512.06877] N. Craig, JG, Z. Liu, K. Wang

v

6 independent asymmetry observables from 3 angles

AG] 9 Ag) ) AS;) ) A$)7 AE;) ) A091,092 .

v

Focusing on leptonic decays of Z (good resolution, small background,
statistical uncertainty dominates).
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Asymmetry observables

1
A, =~ / dcos 01 sgn(cos(261)) ——— dcos(9
A LT dé sen(sin ¢) 22
¢ g do’
@ 1 27 . do
A . /0 d¢ sgn(sin(2¢)) a5
27
@ 1 do
Ag . d sgn(cos ¢) a5’
27
A9 % /0 deb sen(cos(26)) Z—: , (1)
1 1 d?s 2
Acoy,c0, = . 11 d cos 64 sgn(cos (91)/71 d cos 0 sgn(cos 02)—dcos 9,dcost,’ ()
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the impact on the global fit...

precision reach at CEPC with different sets of measurements
CEPC 2§DGeV (5/b), Higgs measurements (e*e > hZ / vvh), rates only
0.10} M CEPC 240GeV (5/gb), Higgs measurements only (e'e”— WW not included)
""" Wl CEPC 240GeV (5/ab), e"e > vvh not included
W CEPC 240GeV (5/ab), angular asymmetries of e*e™— hZ pot included
Bl CEPC 240GeV (5/ab), all measurements includ
0.08]- B CEPC 240GeV (5/db) + 350GeV. (200/fb)

dark i fit assuming all other 10 parameters are zero
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» The angular observables have a small (but not negligible) impact on the
global fit if all other measurements are included.

» Nevertheless, we should try to make use of all possible information!
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If you don't like the Higgs basis...

precision reach of the 12-parameter fit in the SILH' basis

W LHC 300/fb Higgs + LEP e'e >WW B CERC  240@eV (5/ab) + 350GeV (200/fb)
B LHC 3000/fb Higgs + LEP e'e >WW W FCQLee 240GEV (10/ab) + 350GeV (2.6/ab)
1 light shade: e*e” collider only W ILC || 250GeV (2/ab) + 350GeV (200/fb) + 500GeV (4/ab) _
solid shade: combined with HL-LHC [l CLI 350GV (500/tb) + 1.4TeV (1.5/ab) + 3TeV (2/ab)
blue line: individual constraints
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» Results in the SILH'(-like) basis (Ow, 8 = Oww, wa)

S, Oy S, Ksw

(4

CH Kww KBB KHW KHB
Lps =300+ —5-Oww+ —5 O+ —5 Onw + —5 Ona
4 my % miy %
KGG k3w Cys
—=0 —=0: 20y, .
+ , G+ o Caw + > v2 e

w f=t,c,b, 7,1

Gu

its and anomalous couplii



Scale of new physics

95%CL bound of the 12-p fit in SILH' basis 95%CL bound on m, , individual fit
W CEPC ZADGeVES/ab ) + 350GeV (200/fb) + H

(: L-LHC - ﬂ
102w iiC 250GeV (2/ab) + 350GeV- 200/mL,5ooeev (4/ab) + HL=LHC translated from the results in| 0!
0/ab) + 350GeV (2.6/ab) + HL. arXiv:1704.02333

W FCC-ee 240GeV

light shade: individual it (one operator at a time)
solid shade: global fit

2 4 6 8 10

Cy Cw(==Cg) Chw CuB  CeB  CcG ct Co [ Cr Cy  Caw

On | Ow | O | Onw | Ons | Oss | Ocs | Oy, | Oy | Oy | Osw

ALH gf 1 1 1 1 1 1 gf gf gf f?

asiH [ @[ [1 | 1 [1 | &[& |2 || 2] 2
SILH || @2 | 1 1 A = i i Fl | &2 i

table obtained from [arXiv: 1603 03064] D Liu, A Pomarol, R. Ratta21| F. Riva

» Note: the bounds on A (m..) always depend on the couplings!

» Given estimations on the size of the couplings, we can derive the
inferred bounds on the new physic scale (m.).
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The “12-parameter”’ framework in the Higgs basis

» The relevant terms in the EFT Lagrangian are

LD Luyy + Ly + Lige (3)

» the Higgs couplings with a pair of gauge bosons

h gAve L
Lpyy = ; (1 +5CW)_WM WM + (1 +5Cz)

(92 4 g/2)v2
2 T A

2
+ cww % W W, + cwo g2(W;61, W}, +he.)

2 e2 ev/qg2 + 12
+ Cog i_stwGizw + Cyy IAWAW +Czy %ZMVAHV
@ +9” 2
+ Czz ZuwZuw + 2092400 20w + €40 gg’Zual,A,“,} . (4)
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The “12-parameter”’ framework in the Higgs basis

» Not all the couplings are independent, for instance one could write the
following couplings as
dcy =d0cz +46m,
cww = Czz + 2s§WcZ7 + sgwcw ,

cwo = [QZCZIII +9%czz — €, 00y — (6 - 9'2)3§WCZA,] ;

1
g2 _ g/2
1
R [2%cz0+ (6 + 9%)0zz - ey — (62— 9P)cz,| » (6)
» we only consider the diagonal elements in the Yukawa matrices relevant

for the measurements considered,

h -
Lp = _V Z m,«(1 + 5yf)foL +h.c.. (6)

f=t,c,b, 7,1
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Lige = igse, AL (W VWS, — W W)
+ig(1 + 897 )Co,, ZH (WY W, — WH W)
+ig [(1+ 6r2)Copy 2" + (1 + 6r5+)Sa,, A*] W, Wi

i -
T (A2 2 + Moy AW P W, ™
w

' = 0V, — 9, V, for V= W= Z A Imposing Gauge invariance one
obtains 6z = 6g1,z — 15,65, and Az = \,.

>

» 3 aTGCs parameters 6g1,z, 6k~ and Az, 2 of them related to Higgs
observables by

1
001,z = P =97 [—92(92 +9%)czn — 9%(9% + 9%)czz + €29 ¢y + 929 — 9'2)027]

ed &2 ?—g?
Sky = — ) (cw g7 c . (8)
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