Triple Gauge Couplings
from Higgs data

10 WLEP-2WW)
4 r M Higgs
Martin Gonzalez-Alonso W LEP 2 ¢ Higes

0.5+

Lyon Institute of Origins

0Ky _ _______________________ -
Institut de Physique Nucl¢aire de Lyon 0'0; , | ]

~0.5]

m UNIV=RSITE D= LYON B T

1)
Institut des Origines de Lyon Bl

RN\

an

[Falkowski, MGA, Greljo & Marzocca,
Phys. Rev. Lett. 116 (2016), 011801]




EFT at the EW scale
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EFT

- Lorentz;

- SUQ2) x U(l);

- Flavour sym?

-B,L;

- SM fields
- h SU(2) doublet

- No light NP

£(0,61) ]

L =
Lefr(x) =Lsm(z A/ i

(et Qs A > LT = A T S L T A MRl

L~ ) . - o ) o~ . . . e o\ -

«: Wilson coefficients (UV physics)

59 dim-6 operators
[Buchmuller & Wyler'1986, Leung et al.’1986, Grzadkowksi et al., 2010]
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EFT at the EW scale

# The analysis (bkg, PDFs, FF, simulations, ...) is done once and for all!

# The output of an EFT analysis is the input of model-dependent studies.

Useful only if...

# Global analysis
(all operators present simultaneously);

# Consistent bounds: small quadratic effects
(bases are equivalent only at linear order!)

272

x
A ~ ASM(1+06F+(¥8A4+---) ;

x 9 z? '
O ~ Osum 1+a6p+(a6+a8)ﬁ+... J

Validity of the EFT: x=(v E
E <<A
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Triple Gauge Couplings

# In the SM, they are fixed by gauge couplings: w*

+iguco (091, Wi, Wy = W W) Zy + 68. 2, Wi W + Ra Zu W W |

+% MWW A+ Xy W Wi Ay | + gnf—gf VW, Zo + XW W 2,

[de Rujula et al. NPB384 (1992),
Hagiwara et al. PRD48 (1993)]

+ TGC=f(WC)

Example: Higgs basis... 1
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TGC bounds from LEP2: ete — WTW-

# Total and differential cross-sections measured in LEP2 (at different c.0.m. energies);

» At tree-level we have (SM & EFT): & "LEP 1
03
e W* e* w* 1. ST T
et —<—"\\\V\V-W* _ ]
Y Z
&” — VW W ol ==
e W e W~ 160 180 200
Vs (GeV)
g'10 Va2 =1827 GeV 3‘10 V2 =180.1GeV
gﬁ:;ﬁ j gﬁ: e
* oww, doww=SM +f(WC)=SM + 1 (06giz, 0Ky, Az) 3;:(7%#8;:/_,9;
y o3 0 cose,] o3 0 cose,}
3'0 Vo =198.4 GeV 310 Va = 2059 GeV
— S—— — §2: Wesovir gg: Wesovier 7
~ Other NP contributions (e.g. in Vff ) 3 o] 135 ;
are strongly bounded using LEP1 data 0= . 0+ o

[Falkowskt, Riva, 2017,
Efrati, Falkowskz, Soreq, 201J]
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TGC bounds from LLEP2

oww, doww = SM + f (6glz, 6xy,Az)

ete- — W**W- data
(oww, doww)

RO

Bounds on
Bglz ’ 6”? ’ )Vl

= 20l 0012 —0.71 £0.35
< 0K~ =1 —0.07+£0.13 |, p=
3
° Az 0.69 4 0.40
104 Accidental flat direction
i 68% & 95% CL bounds : . along Az = 6glz
0l % & I i
160 180 200 05| i
Vs (GeV)
N [Brooijmans et al, arXiv:1405.1617]
Sglz

[Falkowski & Riva, JHEP 1502 (2015)]
[Falkowski, MGA, Greljo & Marzocca, PRL 116 (2016)]
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TGC bounds from LLEP2

AW

, o : oww, doww = SM + f (6glz, 6xy,Az)
etes > W*W- data
(oww, doww)

Oww (pb)

Bounds on
0812 5, 6%y 4 Ay

391, —0.71 £ 0.35
0K~ = —0.07+0.13 |, p=
AL 0.69 £ 0.40
Accidental flat direction
68% & 95% CL bounds 7 along ANz = Sglz
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[Brooijmans et al, arXiv:1405.1617]
[Falkowski & Riva, JHEP 1502 (2015)]
[Falkowski, MGA, Greljo & Marzocca, PRL 116 (2016)]
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How can Higgs data help?

# Symmetries relate these 2 sectors:
the eff. operators affecting them are not orthogonal (nonzero overlap in any basis)
One always has operators contributing to both, as e.g.

g Hic HW, BW"'/v Wiw’iw

7.(*)

—

7.*)

Exploited before, but with not all
operators & /ot not consistently at O(A2)
[Pomarol-Riva2013, Corbett et al’2013,
Dumont et al’2013, ...]
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How can Higgs data help?

# LEP2 WW production (CP-cons)
oww, doww= SM + f( WC ) ~ SM + f( 6g12 , SKY , Az )

# Higgs signal strengths (CP-cons)
w=SM+f(WC)=SM+f(ci,c2,...,C9)

S S SN =S A i
_ o(pp—X) T(h—Y) T(h— all)su
By = 5 op = X)su D(h — Y)su T(h — all)
N i oo ,

. Other NP contributions (e.g. in Vff ) are strongly
bounded using LEP1 data

i[Falkowski, Riva, 2015, Efrati, Falkowski, Soreq, 2015]

RS S

Lot

# In principle we have enough constraints to extract all:
diff. Higgs production mechanism (ggF, VBF, Vh, ...) & decay modes (yy, yZ, 41, ...).

Re GC€ & anomalous Higgs couplings:
dgi,=f(ci,c2,...,C9) °

oKy =g(c1,C2,...,C9)
= unconstrained

N

Higgs measurements E,mptj bounds
on TGC, & viceversa!
(again: global analysis is needed)
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Higgs data analysis

[See A. Falkowski, arXiv

:1505.00046]

4

@

@

W

W

Observables: signal-strengths;
Higgs basis used (irrelevant);

Only linear effects included
(quadratic effects will be included as a check)

All D=6 operators included simultaneously;

Flavor universality assumed [MFV = U(3)° ];

Channel |paTLAs |ptcMms Production
vy 1177935112808 | Ceats. )
Zvy (27738 1-0.2753|  total
ZZ* 1.46%03(1.007933| 2D
Www* [1.187321{0.83F3211 2D

21712 |- Wh
51737 |- Zh
- 0.807 593 Vh

rr o [1.4479820.015038 | C 2D )
- 0.87T5%| Vh
bb 1117053 ]- Wh
0.057055 |- Zh
- 0.8970-4% Vh
- 2.871% VBF
15t [12fis tth
pp | —0.773710.8%35 total
multi-¢ |2.17}5  [3.8%14 tth

LO calculation of the ratios o/osm=1+ ...
I''Tsm=1+...
Example:
OVBF ) - :
_aﬁxlgﬁ‘ ~ 14 20c, — 2.25¢c,0 — 0.83¢c,, + 0.30627 + 0.1207“7..
F262V

o~ 1 +2dc, +0.67c,q+ 0.05¢,, — 0.17¢c.y — 0.05¢,

ggH
ttH
VBF
Wh
Zh

ggH+ttH
VBF+Vh



Higgs data analysis

Higgs data
(signal strengths) |

Channel |ptaTLAs | ftoms Production
0 1.171’8:32 1.12*_'8'33 cats.
Zy 27755 |-0.2759 ] total
ZZ* 1467539 11.0059-2 2D
WWw* [1.18702110.837021 2D

21719 |- Wh
51733 |- Zh

- 0.807593 Vh

7 (1.44%54210.9170-28 2D
- 0.87H5 %9 Vh

bb (111508 |- Wh
0.0575 53 |- Zh

- 0.8970-41 Vh

- 2.871¢ VBF
1577 (1.2 tth

p |—0.783T00.8432 total
multi-¢ [2.1713  [3.871% tth

\

WC bounds
available in
different basis
in the paper

Bounds on

8glz ’

oy
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Higgs data analysis

Bounds on

Bounds on 9 (linear

. combinations of) WC |
L W ,

Higgs data ’
i (signal strengths) |

6g1. , Ony

[+ ] N

+ LEP2 daka

#» %-level bounds on TGC!

(ete- — W+W-)
. 68%8&95% CLbounds
. 1.0 !
# Clear complementarity; * |
05 i

LEP2 (WW)
0Ky gl

# The 1mpact of the inclusion of quadratic
effects on these bounds 1s small;
(not true for the separated datasets!)

2 SASEIERNREE s 2 s
0.043 £ 0.031 1 0.74 —085\ 100 L
=1 014240085 |, p=| 074 1 -088 |. ' ' 5 ' '
1
~0.162 + 0.073 —0.85 -0.88 1 glz
S B IS S S FIEeh
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Summary

4

@

W

Merci beaucoup!

Combining Higgs data and WW production at LEP Falkowski. MGA. Grelio & M
we obtained, for the ﬁrst.time, strong and gonsistent [Phaysf),‘;':w",_ett. 11 29(2131 6), ‘ér,z,‘fgf]
bounds on anomalous Triple Gauge Couplings.

1.0+ | LEP-2 (WW)
B Higgs

Our results can be used to set bounds in specific W LEP-2 + Higgs
models in a simple way! 0.5

% a0l il N |
It shows clearly how the Higgs boson has become a o , :

precision tool to search for New Physics.

~0.5/
The addition of direct TGC measurements at the 1ol ' ]
LHC should improve these bounds, but some work is 15  -10 -05 00
required [backup siide]; 98,z

0.043 £0.031
= | 0.142+£0.085 |,
—0.162 £ 0.073

_ . - .

1 074 -085\ .
p=1 074 1 -088|.
—0.85 -0.88 1

SRR
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Backup slides




Consequences for h —efe ppu”

[MGA, Greljo, Isidori & Marzocca, EPJC75 (2015), 128]
[MGA, Greljo, Isidori & Marzocca, EPJC75 (2015), 341]
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@ Higos () + LEP2
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o
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0.005

0.001 b——

A LEP I

cat =V (54— (@13 + 5o Y1)
_ C20 lis
sec = g5 90~ )

h—yy  h—Zy

Ratio wrt SM

Higgs decay pseudo-observables

- better constrained
kzz = 0.85 +£0.17 1 .72 .60 .19 .83
€z = —0.0001 £ 0.0078 . 1 .35 —.16 .62
€zep = —0.025 4+ 0.015 , p= . . 1 .02 .47
Kz~ = 0.96 +1.6 . . . 1 .20
Ky~ = 0.88 4+ 0.19 S |
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TGC measurements (@ LHC

. . . . 1.0- B LEP—Z (WW)
Why LHC WW/WZ searches are hot in the plot? Mg ‘
0.5 i
They TGC sensitivity seems significant... |
% 0.0F------- , fffffffff .
|\||||\|‘||\\\||\|\|\ -0.5y §
ATLAS | —4“:":?'1" ‘::”"" WC need. .o
| 95% CL intervals CMSI\:ij, :=7Tev _ _1‘07—1.5 -1.0 -0.5 010
LEP Scenario 501", App =0 98z
ag . wenee | # All 3 TGC present, correlations provided;
I - —muswme | * Analysis performed consistently at O(1/A?);
) = o # Trivial implementation, but...
Lot o ey | # Introduction of kinematical cuts likely needed
o o (new wrt LEP, where energy of partonic collisions was fixed
. S and not very high)
Ky
|\II|I\’T‘I\|\\I‘I\I|\I\| NOTES:
04 02 0 02 04 06 08 If an observable is very sensitive to the quadratic term...
95% CL Limits - it does not mean that it is useless (it is quite likely a very sensitive NP

probe), but we cannot do the analysis “once and for all” a la EFT...
- Analyses including quadratic terms are OK for certain class of models
(strong coupling);
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More details...

vh

auadratic kerms

(-

; Higgs basis

Warsaw basis

NI

{ + For Vh production, quadratic terms are comparable to linear terms;
(small impact on TGC bounds, though)

# Sensitivity to O(A*) reduced using p (mvn) < 400 GeV.

o R SIS SR e, ke
Resulkts available in different bases
ocz —0.02£0.17 1 —.04 —21 —.76 —.15 .15 .12 .88 .71 22
Czz 0.69 +0.42 .1 —.06 .37 .19 .03 .04 —.12 —.31 —.88
.0 -0.32+0.19 1 —.17 —.10 —.07 —.06 —.10 .12 .93
Cyy 0.009 £0.015 : 1 .20 —.12 —.07 —.79 —.74 —.13
1 —.01 —01 —.15 —.18 —.10
| = 0'002 +0.008 1 .87 .26 .17 —.07
ng —00002 :t 00027 1 .13 11 —.06
0Yu 0.57 +0.30 1 .81 —.11
3y —0.24 +0.35 : ! -29
5Ye —0.1240.20
Az —0.162 +0.073
cyg =0.11%+0.15 1 .51 .38 0.43 .34 —.11 .37 —.62 —.01 .16
cr = 0.034 +0.021 1 .97 .94 .96 .00 .22 —.13 —.17 .79
c —0.344+0.20 1 97 .97 .03 .16 .01 -—-.16 .88
wB — 0.60 £ 0.43 1 .89 .03 .18 —.01 —.16 .87
cww =Y. : 1 .03 .14 .01 —.15 .84
cgp = 0.69£0.42 1 —-.87 .31 .11 .07
cac = —0.0052 £ 0.0027 1 —-.19 .03 .07
¢y = 0.65+0.32 : 1 .37 .18
ég =—0.16+0.23 b
ce =—0.03£0.13
csw = 0.63+0.29
o v o e = TR Ea o esiners it SR




