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Introduction

TGC from ete— — WW

» We can measure the triple gauge couplings (TGC) from the diboson
process et e” — WW.

» Focusing on the anomalous TGC parameters generated by CP-even D6
operators,

Lige = igse, AL (WYWSL, — W W)
+ig(1 + 897 )co, Z (W™ W, — W W)
+ig [(1 + 8k2)Coyy 21" + (1 + 8~ ) 59, A" ] W Wi

i -
+ m—g(xzcewzw + Ay 0, AW P W, (1)
w
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Introduction

TGC

» Imposing Gauge invariance one obtains dkz = g1,z — tgwén7 and
Az = Ay

» 3 aTGCs parameters: 69y 7, o~ and \z!

» They correspond to 3 linear combinations of Wilson coefficients in the
EFT not constrained by Z-pole measurements.

» Even if the Z-pole measurements are infinitely precise, the 3 aTGCs remain
unconstrained!

» In a convenient basis they correspond to Oy = ig(D*H)To?(D H) Wg,,
Opg = ig'(D*H)T (D H)Byuy and Ogw = 3:gean W3» W, Weri,
See e.g. [arXiv:1411.0669] Falkowski & Riva for a general
parameterization.

» dg1,z and dk are generated by operators that also contribute to Higgs
couplings.
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Impacts on EFT fits

Impacts on EFT fits, LHC + LEP

[arXiv:1508.00581] Falkowski et al.
1.0F M8 LEP-2 (WW)
W Higgs

B LEP-2 + Higgs

» 0g1,z and dk are generated by
operators that also contribute to Higgs

couplings. Y S— ’

» Higgs better measured = Higgs helps TGC;

0.5

-0.5
» TGC better measured = TGC helps Higgs.
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[arXiv:1302.3415] LEP WW paper .
g 'B Vs=182.7 GeV i& IS Vs =189.1 GV .
> 84 Woovin > 81 Woowi
g od o gel g » Note: LEP bounds should have been
H ;‘:’"M 3 Q,J better!
T T8 » LEP did not perform global fits with all
cos0,, CosOyy
. R 3 aTGCs.
T& Vs =198.4 GeV Tﬁ Vs =205.9 GeV . . .
FoS R B R » The distributions of W decay angles
L /;Aj g4 were not provided.
3 5] 3 5]
i 0 costl, A 0 080
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Impacts on EFT fits

Y
(G INFN 2

1 ba — g

W-pairs at FCCee :the OkuW

Vs~oicev ~ 10127
Vs=161 : L~3 103 collect 8/ab

30 105 WW decays
Vs=240 : L~0.7 10%* collect 5/ab ~ 108H
80 105 WW decays
Vs=350 : L~ 103 collect 1.5/ab ~ 2%x10°H
15 10° WW decays
2nd FCC Phys Workshop : CERN 15/1/18 P. Azzurri -- Experimental WW mass, width & couplings 3
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Impacts on EFT fits

N ]
(GED) INFNZE

1 ba — g

W-pairs at FCCee :the OkuW

Js~oigey ~ 10127
(systematics dominated)
Vs=161 : L~3 103 collect 8/ab

30 105 WW decays
Vs=240 : L~0.7 10%* collect 5/ab ~ 108H
80 105 WW decays
Vs=350 : L~ 103 collect 1.5/ab ~ 2%x10°H
15 10° WW decays

# of WW ~ 10%x # of H

2nd FCC Phys Workshop : CERN 15/1/18 P. Azzurri - Experimental WW mass, width & couplings 3
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Impacts on EFT fits

EFT fits at future lepton colliders

precision reach of the 12-parameter fit in Higgs basis

[ LHC 300/ Higgs + LEP o' SWW W CE 24088V (5/ab) + 350GeV (200/b) Bl

[ W LHC 3000/fb Higgs + LEP e*e"»WW FC ! ]

. light shade: ¢"e” collider only e 250GeV (2/ab) + 350GeV (200/fb) + 500GeV (4/ab) N

E bined with HL-LHC [l CLI 350GeV (500/fb) + 1.4TeV (1.5/ab) + 3TeV (2/ab) 3

E idual constraints q

£ suming zero aTGCs ]

-1l -

c 107 E
-% E 3 0.008

.g r ]
5 107 E 3 0.006
[ p 0.004

1073 3
£ ] 0.002
107 0.000

6cz Czz €z Cy Tzy Cg9 Oy Oy, Oy, Oy, Oy, Az

> 001,z,0ky = Czz, CzO, Cyy, Czy

» see also

> [arXiv:1510.04561, 1701.04804] Ellis et al.,
> [arXiv:1708.08912, 1708.09079] Peskin et al.
> [arXiv:1711.04046] Wang et al.
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Impacts on EFT fits

Impact on EFT fits from TGC measureme

precision reach of aTGCs at CEPC 240GeV (5/ab)
light shade: eef<WW measurements only
0.014] Slid shade: combined with Higgs |
assuming the folloing systematics in each bin of the|diffefetial distrubtions of e*e”WW:
0.012] ] o T 5 5
2% > Ky <>
_ oot § EZ{/:V 91z, Y
:§ 0.008 H g rehl only Czz, Czo, Cyy, CZ'y
oo » We try different assumptions
oo on the systematic uncertainties
.002| . . . . N
o : (in each bin with the differential
0.0 . . . . .
5912 Ok Az distribution divided into 20
precision reach at CEPC 240GeV (5/ab) assuming different tics for e*e >WW .
00358 cpc 24066V ({ab), all measurements included, : bInS).
0.030) sﬂu:/':mg the follgwing systematics in each bin of the differetial distrubtions of e*e >WW:
ooz » Detailed study of ete™ — WW
§ oo required to estimate the
S ooty systematic uncertainties!
0.010]
0.005
0.000

bz oz Gm 5,0 5110 T by oy, Oy Gy/10 A
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Impacts on EFT fits

Impact on the triple Higgs coupling

bounds on &k, from EFT global fit
-2 -1 0 1 2 3
'68%,357,CL bounds, lepton colider only
68%,95%CL bounds, combined with HL-LHC
88% CL bounds (combined with HL-LHC)
-~ 68%,95%CL bounds, 1h only (w/ HL-LHC 1h)

HL-LHC *’ 14TeV(3/ab). rates & distibutions

CEPC*%! '1251240GeV/(5/ab) only (CEPC)
& |oe +0781240GeV/(5/ab)+350GeV/(200/fb)

FCC-eel® .—@ 10441240GeV(5/ab)+350GeV(1.5/ab) (FCC-ee)
] @ 1048 |FCC-ee with zero aTGCs

ILC{*%

+131250GeV/(2/ab) only
+0481250GeV(2/ab)+350GeV/(200/fb)

*0241above + 500GeV(4/ab)

i l} 020 above + 1TeV(2/ab)

CLIC|?% +0331350GeV/(500/fb)+1.4TeV(1.5/ab)+3TeV/(2/ab)
2 0321, Zhh at 1.4 TeV

018 028 1binned My, in vhh (4 bins)

-2 -1 0 1 2 3
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precision on Ok, from EFT global fit
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0.0 . . . .
0

Lasocev (ab™") unpolarized

» Circular colliders can probe the
triple Higgs coupling via its
loop contributions.
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Discussion

towards a real TGC analysis...

» We need a real TGC analysis for circular colliders (CEPC or FCC-ee)!
» One-sigma bounds & correlations from global fits!

» Rate measurements are not enough.

> At least 3 measurements are needed to independently constrain 3 aTGCs.
(OK for FCC-ee)

» The aTGCs are sensitive to the angular distributions. (e.g. The region with
small 6,,,— is dominated by the t-channel diagram which does not contain
the TGC vertex.)

» What's the best way to extract information from the differential (angular)
observables?

» Which channels to use?

» semi-leptonic (~ 42% BR, good reconstruction)
» hadronic (hard to reconstruct, angles are folded)
> di-leptonic (can solve the neutrino momenta but with ambiguities)
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Discussion

How to extract information from the angles

» 5 angles (1 production, 2 decays for each W)

» 1D histogram(s)
> easy to do for 0,
» can also include decay angles, but the
correlations among angles are not taken

account of.
» 5D histogram (would need a very large o Vs = 198.4 GeV
simulated sample) > Werevir ]
» or 3D histogram focusing on the leptonic T "
decay angles (used in the ILC TGC analysis) 8 3
Ke) ]
» fancier methods (see e.g. hep-ph/9601233) B
» likelihood (unbinned) © :
> optimal observables
-1 0 1
> 27 cos6,,
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Discussion

The TGC dominance assumption

» Assumption: New physics contributes to e" e~ — WW only through the
TGC vertex.

» Reality: In principle there can be many other contributions!

» Other contributions are constrained by Z-pole measurements.

> With the Z-pole run, the TGC dominance assumption should be valid at
FCC-ee.

» Ultimately, a full EFT analysis is desired... (Z-pole + WW + Higgs)
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Discussion

Conclusion

» TGC measurements are important (e.g. for the EFT fit of Higgs
couplings)!

» We need to find a good way to extract the information from angular
distributions.

» The TGC dominance assumption is probably OK.

» A global fit to the et e~ — WW data with all 3 aTGCs parameters, 5g; ~,
0k~ and Az!
» One-sigma bounds & correlations!

Jiayin Gu DESY & IHEP

Triple Gauge Couplings (at FCC-ee)



backup slides

Jiayin Gu DESY & IHEP

Triple Gauge Couplings (at FCC-ee)



Discussion

The “12-parameter”’ framework in the Higgs basis

» The relevant terms in the EFT Lagrangian are

LD Luyy + Ly + Lige (2)

» the Higgs couplings with a pair of gauge bosons

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

(& + )V
2 G

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 ZywZyw + €z09°Zp0vZuy + €40 gg’Zual,A,w} . (3)
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Discussion

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%c0 + (¢ + 9%)0zz - EPery — (62— 9P)ez,| (&)
» 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.. (5)

f=t,c,b,7,n
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Discussion

Lie = igse, AL (W "W, — W W)
+ig(1 + 897 )Co,, ZH (WY W, — WH W)
+ ig [(1 +0kz)Co, ZH + (1 + ém,)SQWA‘“’] W, w,h
i _
b g 200 2+ 20, A YW 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]

& &2 ?—g?
Sky = — ) (cw g7 c, . (7)
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