EFT-4-Higgs

fx/per/‘/yzenz(a/ chall enges for LYC ren IT
KZ7TP, Santa Barbara, April 15, 201

DESY (Hamburg)

( christophe.grojean@desy.de )


mailto:christophe.grojean@desy.ch
mailto:christophe.grojean@desy.ch

What is the Higgs the name of?

~~ Higgs interactions ~~
gauge symmetry is the organizing principle for interactions in the gauge sector
not in the Higgs sector = many free parameters!

but they obey 3 basic structures to unitarize the amplitudes

(1) pr'oporTionaliTy: ghff X My ghvy o m2
w test for extended Higgs sectors

(2) factor of proportionality: giss/ms=v2/v
w test for extended Higgs sectors
w test for Higgs compositeness

(3) flavor alignment: g/,
w test for flavor models, origin of fermion masses
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What is the Higgs the name of?

P _ NN : NN . ———— —
o _ |1|9|.|7|f|b'1 (8 TeV) + 5.1 fl?l (7 TPTV)“ Higgs group @ Snowmass ’13
<~ [ CMS ] Facility LHC  HLLHC
o _P reliminary t V5 (GeV) 14,000 14,000
| > 1 - 7 . 1 E [ L£dt (fb=1)  300/expt 3000 /expt
5 L | === 58% CL V\;","’ | Ky 5—T% 2 — 5%
2 i ] Kq 6-8%  3—5%
95% CL o o e
10" E E Kz 4-6%  2—4%
- . Ko 6 — 8% 2 — 5%
I b i Kd = Kb 10-13%  4—71%
- o . Ko = Ky 14—15% 7-—10%
0T
10 z_ ' E
d\ - | I A | | | | [ I | _I
1 2 3 45 10 20 100 200
mass (GeV)
~ Is this fit theoretically consistent? ~
H can you generate a 500% deviations
)l in the bottom coupling without generating other coupling
structures not taken into account in the fit?

iL
Chris Z‘op/]e 5/‘0(/34/7


http://arxiv.org/abs/1310.8361
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What is the Higgs the name of?

_ ~ A~ , N N — e ————
|J/w+y—ATLAS |
| 6 o, \ ________________________________________________________________________ th —3 o le Higgs group @ Snowmass ’13
\‘ C Direct Bound L
Fh-ATLAS Facility LHC HL-LHC
p Vs (GeV) 14,000 14,000
| 0.100p  Ma-CMS T b [ L£dt (fb=1)  300/expt  3000/expt
o - ' For 5— 1% 2 — 5%
L ‘ Kg 6 — 8% 3—5%
0.010% 'i i Kw 4—6% 2 — 5%
- ’ Kz 4— 6% 2 — 4%
H Ko 6 — 8% 2 — 5%
Soreq @ TLEP-9, Pisa,’15 Kd = Ky 10-13%  4-17%
0.001} ' Ky = Ky 14 —-15%  7—10%
0.1 5 10 50 100

|

1 2 345 10 20 100 200 | ° width measurement?
mass (GeV) |

~ Is this fit theoretically consistent? ~

° couplings to light particles?
F inclusive (e.g. c-tagging) or exclusive (h = J/¥+y)
)’ in the bottom coupling without generating other coupling ° coupling to top?

structures not taken into account in the fit? | known indirectly (9g—h) or via difficult tth channel |

can you generate a 500% deviations

— —

L= — = ey = — ——
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http://arxiv.org/abs/1310.8361
http://arxiv.org/abs/1310.8361
https://agenda.infn.it/getFile.py/access?contribId=26&sessionId=3&resId=0&materialId=slides&confId=8830
https://agenda.infn.it/getFile.py/access?contribId=26&sessionId=3&resId=0&materialId=slides&confId=8830
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choice

of basis
symmetry )

linear vs non-linear

EFT

power
counting

o beyond LO

H EFT
®
K
Pros: matching

> correlations between different channels/observables

» combination of measurements at different energies
e.g. EW precision data and Higgs measurements

> test of self-consistency

C/}/‘/‘Sz‘op/]e Gr?/'edn é_F T# %qq\f 4

EFT validity
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Effective Theory Approach to BSM

Basic assumptions

» New physics scale A separated from EW scale v, A > v

» Linearly realized SU(3)xSU(2)xU(1) local symmetry spontaneously broken by
VEV of Higgs doublet field

(courtesy of A. Falkowski)

EFT Lagrangian beyond the SM expanded in operators of dimension D

Standard Model,

Lepton number violating, hence By assumption,
operators up 10 D=4 4,5 small to be probed at LHC subleading
/ \ to D=6
'

1
= : ‘D 8

1

£EFT_£SM+X> L:D =0

Cutoff scale of EFT  Appear when starting from L-conserving BSM,
and integrating out heavy particles with maA

Christophe Grojean EFT 4 ¥iggs s KZI72, April 15 2015



Effective Theory Approach to BSM
Observable effects of D=6 operators

o Corrections to SM Z and W boson couplings to fermions (so-called vertex corrections)
o Corrections to SM Higgs couplings to matter and new tensor structures of these interactions

o Corrections fo triple and quartic gauge couplings and new tfensor structures of these
interactions

o Contact 4-fermion interactions

O .. and much more

Frontiers of knowledge
—— Many EFT operators, especially those involving leptons or affecting gauge boson
propagators are already strongly constrained by LEP and other low-energy experiments.
LHC rarely can compete on this field.

(courtesy of A. Falkowski)

—— However, other operators, especially those involving Higgs bosons or quarks, are less
strongly constrained, which opens opportunity for LHC to improve constraints (or discover
new physics)

—— There are observables where new physics effects grow with energy, which gives the
LHC an advantage

Christophe Gr?/'edn EFT 4 %qq\f 6 KZ7P, April 1§ 2015



EFT = mass scale + coupling

Too often, people think of EFT as higher dimensional operators suppressed
by a cutoff scale, but there is also a coupling between new physics and SM

y

1) validity of EFT 2) relative size of various operators

Example: Ny, physics characterized by one coupling and one-scale

SM

ass scale
m T M=g-f EW scale v=2466GeVv
coupling g. |
g.9.,Yt

Often thought that effects of dim-6 operators have to be smaller than SM
for EFT consistency. This is not true, one can find large deviations still within the validity
of the truncation (dim-8<dim-6). One good example is HH production.

Christophe Gr?/'edn EF7 7y %qq\f 7 KZ72, /4/)‘/‘/ IS 20ls



EFT = dimensional analysis

It is important to remember that couplings are not dimensionless

M™ h"
scalar field o 1 1/2
fermion field Y | 3/2 | 1/2
vector field A, | 1 1/2
mass m 1 0
gauge coupling g 0 | —1/2
quartic coupling A 0 —1
Yukawa coupling | yy 0 | —1/2

Examples:
[h=-1 [|n=2
Y/

Chris Z‘op/]e Grod'ean

1
M

—293 (3M‘H‘2)2
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/\QJ \OQQ \OQQ

v ’ ’
1))
& N v

S:/d4$(ﬁo—|—h£1—|—h2£2—|—)

A N

Loln =1 L1]n =0 (La]n = —1
(Lol =4 L1 =4 Lol =4

-----------------------------------------------------------------------

. v is not simply a mass scale but also a "coupling”

o] =1/2

Aw,wy swow, = L2 even when gauge coupling are zero

-----------------------------------------------------------------------

EFT 4 %qqs S KZ7P, April 1§ 2015



Higgs EFT - SILH basis

-------------------------------------------------------
.............................................................................................................................................
*

C_H y 2\ 2 ; L CylYy 2 6
Ve (0 yH|) o (H D“H) I fLHfR+hc gl

°, *
G . .
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1C o ZCB
—W(HT ’LD“H) (DYW )g; B (H'D H) (8"B,.)d
................. L ettt LT <
ZCHW«g ZCHBQQ ......................................................................
: P (D“’H) (D”H)WZV o P (D“H) (D"H)B,,, ¢
me 167T ,,,,,, m2 1672 ‘
Cammmmmnnnm .-..-..-..l.:.-:...-.‘.‘-’;i-..-..-.. -'.'.':::::"H—-\Tﬁi}:ﬁa].léalaﬁrllﬁél""]-,;-:":);‘Z ------------------------------------------- }ia-.-.-.-.--‘-‘ ..................... I .56.5...S.L.l.b.r.).i:e...s.gé.a..é.-.‘:Fa.ﬁé.ndynamlCS
............. . .:...."2':.““‘:..0.2\‘.,. ::‘,..............“-...._~.~......¢... ..‘
Cyi 9 g i G
90 9 i, By ol 90 Wi HGS, G
m2:16m%gs; L im2 ] 6772,:-9 ;
" .................. Goldstone sym. p..)rp ......................................................

........ (PGB HiggS)

dimensional analysis + selection rules
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Other bases

1:x° 2: H® 3:H'D? 5:0°H> +h.c.
Qe | FAPGralrast Qu | (H'HY Qo (H'H)OH'H) Qe | (H'H)(Ile, H)
Qa | GGG Qup | (H'DH) (H'DH) Quy | (H'H)(Gu,H)
Quw | T wilrwlew e Qur | (H'H)(g,d, H)
QW 6]JKW[{VW;]pW;(,u
4: X2H? 6: > XH + h.c. 7:¢*H’D
Que | HHGLG™  Quyv | (Lo"e)r" HW,, Q) (H'D 1) (1,7",)
Que | HHHGLGY™ Q. | (1,0"e,)HB,, Q%) (HTZDMH)(Z Ty )
Quw HTHVVWWIW Qua (qp o T )FIGA Qe (HTZ'?MH)( ’Y” r)
Quiv | HHWLW™ Q| (@0™u)r HWL, Q) (Huﬁ“m( a"a)
Qup | H'HB,B" Q.| (3,0"u)HB,, QW | whiDLH) g, )
Quz | H'HB,B"™  Qu | (q0"T"d,)HG], Qra (H*zDﬁ)( i, u,)
Quwn HTTIHWJVBW Qaw | (go"d,)T HW;L/ QHa (HT%DHH)( d,y"d,.)
Quivp | HIT"HWLB"  Qup | (4,0"d,)H B, Qrua + hec. | i(H'D,H)(u,7"d,)
8:(LL)(LL) 8: (RR)(RR) 8: (LL)(RR)
Qu | G )" Qe | Eruen)(@ner) Qic (L) (€7 er)
W1 @) @) Qe | @) @) Qu | Gl (@ )
O @ )@ ™ 4) Qua (dpy,dy) (dsy" dy) Qi (Lpyyuly) (dsy"'dy)
QL m D@ Qe | (Ereen) (@ w) Que | @ua)(E"e)
QY | G )@ ) Qe | E@rue)([dntdy) W @) @ w)
QY | @ru)dad) QW | @ T e (@A T )
QW) | (@ T u)d T ) QW | (@) (dydy)
QW | (@I (dy" T d,)
8:(LR)(RL) +h.c. 8:(LR)(LR) +h.
Quedq | Be)day) Qg (@ u»ejk(qsdt)
QW | (@T T>ejk<q§T dy)

Chris Z‘op/ﬁe Grod'ean

of operators

many possible choices of operators

bases, all equivalent via field

redefinitions, equations of motion...

depending on the observable considered

some bases might be more convenient than

others, and calculations might be easier

NF=1: 59 operators (76 real parameters)
NF=3, 2499 real parameters

Buchmuller Wyler ‘86

Grzadkowski, Iskrzynski, Misiak,Rosiek ‘10
Alonso, Jenkins, Manohar, Trott 13

EF7 4 %qq\s 10
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Higgs physics vs BSM

Several deformations
away from the SM
affecting Higgs ¢ = v+h

properTugs are already S vacuum
probed in the vacuum

Potentially new BSM-effects in h physics
could have been already tested in the vacuum

(courtesy of A. Pomarol@Moriond2014)

. ® ® &
e.g. Z @ = —x  Z @
H'D, H (assuming that the Higgs boson

is part of a doublet)

Modifications in h— Zff related to Z—ff

Christophe Grojean EFT 4 ¥iggs I KZI72, April 15 2015



Higgs/BSM Primaries

Several deformations away from the SM are harmless in the vacuum
and need a Higgs field to be probed

|HI?

1, , 1 2 ) operator
e.g. g_2GW -2 G - a2 ) Guv s not visible in
§ 5 % the vacuum
8 7 (redefinition of input parameter)

N ¥

(courtesy of A. Pomarol@HiggsHunting2014)

G G G G
But can affect h physics:
h  ®
@ affects GG —h!
G G

Christophe Grojean EFT 4 ¥iggs 12 KZI72, April 15 2015



Higgs/BSM Primaries T

How many of these effects can we have?!  missiroetal 13

Gupta, Pomarol, Riva ’14

As many as parameters in the SM:8 (.. tamiy

(assuming CP-conservation)

- HI'GG"  ———> GGh coupling

;% g |HI’B,,B" =———3 hyy coupling

g I ——

E / a va o

g g ‘HPWMVWM — hZY Coupllng

g IMw HIF|D,HI ——3  hvv* (custodial invariant)
mp H|® —> h3 coupling

me |H*fLHfr +h.c. ——> htt, hbb, hzz
(f=t,b,7)

Christophe Gr?/'edn EFT 4 >/// 995 13 KZ72, April 15 2015



Higgs/BSM Primaries

How many of these effects can we have?

.~ Almost a 1-to-1 correspondence

Pomarol, Riva 13
Elias-Miro et al '13

Gupta, Pomarol, Riva ’14

° \ ° ° °
with the 8 £'s in the Higgs fit
i

= Coupling 300 fbo-! 3000 fb~!
8 Theory unc.: Theory unc.:
3 All  Half None | All Half None
£ Kz 8.1% 179% 7.9% | 44% |40% 3.8%
T Kw 9.0% 8.7% 8.6% |51% |45% 4.2%
S K 2% 21% 20% || 11% [8.5% 7.6%
T Kb 23% 2% 22% || 12% [11% 10%
® Ke 14% 14% 13% | 9.7% |9.0% 8.8%
ol K, 21% 21% 21% || 7.5% [72% 7.1%
e Kq 14% 12% 11% | 9.1% |6.5% 5.3%
S K, 93% 9.0% 89% |49% |43% 4.1%
< Kzy 24% 24% 24% || 14% |14% 14%
5| L
7 Atlas projection
.g
o L] L] L] N
8| With some important differences:

Christaphe Grojean

1) width hypothesis built-in

2) kw/Kz is not a primary
(constrained by Ap and TGC)

3) Kq, Ky, Kz, do not separate UV and IR
contributions -

9c., /4

>
NS

2.0

-0.5
~1.0/
-1.5

-2.0"

1.5/
1.0/
0.5

0.0

ATLAS +CMS 68%,95%

00 02 04 06 08 10 12

Cy

|

— zzatov 15

‘ _yup to a flat direction between between the
/ top/gluon/photon couplings

13 KZ72, April 15 2015



Higgs Priorities

‘ )| Better measurerrents of %//’\935 /Ol‘/‘/)’ld/‘/‘eé
~  —1ininclusive measurements
— in differential distributions

“, 60//73 Aeyona/ Zhe K ‘6 7 A)/’]az‘ £for?

— to compete with other (EW, TGC...) measurements?

—1 to check the correlations imposed by SM structure?

e.g. 1) doublet nature of the Higgs,
2) accidental custodial symmetry @ dim-6 level

§~ fully establishing the SM will require checking correlations among different vertices ~ §

1-Higgs vertices 2-Higgs vertices

’ (with and beyond the k s)

Higgs Regge's plot is a prime example test of the Ginzburg-Landau's model
Need to look at the correlations with TGC test of PGB nature of the Higgs

O-Higgs vertices

Questions not fully addressed yet:
what is the precision that you need in Higgs physics?
will the LHC reach this required sensitivity?
Christophe Grojean EFT7 4 ¥iggs 14 KZ7?, April 1§ 2015



EFT validity

Lop= Loy + Y V00 £ PoOW 4.

Zﬂ j *

Included Ignored

———Under what conditions does EFT with D=6 operators adequately describe low-energy
phenomenology of some BSM models?

‘When D=8 operators or loop-suppressed D=6 effects are non-negligible?

How should experiments present EFT results so as to maximize their applicability

range?
Can we answer from a bottom-up approach,
l.e. by looking at experimental constraints?
Christophe Gr?/'edn EFT 4 %qq\f s KZ7P, April 1§ 2015



EFT validity

Lur = Lo+ 3909 £ 300

Zﬂ j *

Included Ignored

Expansion Validity: E/A <« 1

(courtesy of F. Riva)

Experimentally: better access to leading c; E2/A% and not directly to A
Truncation depends on c®; E*/A*

Example: Fermi theory

low energy measurements give access to GF, i.e. v, and not the true cutoff mw=1/2 gv

for a fixed deviation to the SM predictions:

Weak couplings reduce the validity range of the EFT (as naively expected)
Strong couplings extend it (g=4z Fermi theory would have been valid up to Ex3 TeV)

Christophe Grojean EFT 4 % qgs A KZ7P, April 1§ 2015



EFT validity: illustrative example

SU(2)L

L gt 1=
heavy vector triplet LoigaV,Hio ﬁH + 9qVur o a,

4 -O - \ \ i ‘ ll
N | | ’ | i
f | C My=lTev w i
3 -5 **************** T - - - - - - = = = T - - - - - - - - - = = = I* B AV 4 Y -— - S S ]
5 : e My=2 TeV Lz
30 L i i
= : | | |
Q 2 -5 : | | | ]
= i
2.0
1.5 E
1560 400 600 800 1000 1200
EFT My < My < My e Strongly coupled: My =7 TeV, gy = —g, = 7/4
o (1 160 v? MI%Vh>2 e Moderately coupled: My =2 TeV, gy = —g, =1/2
— = - 9HYq 7375 2
OSM My, TeV e Weakly coupled: My =1 TeV, gy = —g, =1/4
validity of EFT depends on couplings 3 benchmark models with same EFT behavior

Christophe Grojean EFT 4 % qgs 17 KZ7P, April 1§ 2015



EFT validity: illustrative example

Consider mock measurement of o(qq = Wh) at LHC at different invariant mass of final state

Mywp[TeV] | 0.5 1 1.5 2 2.5 3
USLM 1:: 12 1:: 10 1:: 08 1:: 12 1Zt 16 1Zt 30

' constraints on EFT parameter '

Meyt| TeV] 0.5 1 1.5 2 2.5 3

U2

—gH 9q—[x107°] | [-70, 20] | [-16,4] | [-7,1.6] | [-4.1,1.1] | [-2.7,0.8] | [-2.2,0.7]
MV

——| Different limits correspond to taking into account measurements up to different Mcy
——{ Stronger limits on EFT are obtained for larger Mcut

—— However, limits with lower Mcut are also useful, to constrain parameter space of model
with My < 3 TeV

A one shouldnt include bin Mcyt > My, but exp. no access to My

Christophe Grojean EFT 4 % qgs IS KZ7P, April 1§ 2015



E
1.0

0.8

0.6

g.

0.4
0.2

0.0

FT validity: illustrative example

Excluded

resonance
couplings using

Mcut<MV

True limit on -
resonance -
coupling

M,[TeV]

limit on g*=gnu=-gq include bins up to Mcut = k My = EFT error < k?

C/‘}r/léfopﬁe él‘o‘/‘edn

EFT 4 % 995
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Examples of Higgs EFT analyses

1. Higgs+jet
2. off-shell Higgs
3. double Higgs production

Christophe Grojean EF7 4 % qgs 20 KZ7P, April 1§ 2015



Boosted Higgs

O the bearable lightness of The nggs r'lch spec’rr'oscopy w/ mul’rlple decays channels
© the unbearable lightness: loops saturate and don't reveal the physics @ energy physics

—————————— ¢ g. Grazzini, Sargsyan ’13 “unless it doesn't decouple
mH<GeV) UNLO(%(,HLO) UNLS(%t;;)) & &8y (e.g. 4th generation)
125 1061 0.988 the inclusive rate
150 1.093 1.028 doesr't "sea” the fini '
500 [ 1S5 [ 134 oesn't "see"” the finite mass of the top
] O long distance physics (modified top coupling) ny
—> :cannot disentangle . . . S L <=
—77 O short distance physics (new particles running in the loop) -

<C ac ~
L= 9H2G —Y|\H|’F,, 7 Htp|H|?
127?‘ | 27‘(“ “Fl +yctqr Hip|H|
o — h I'(h —
(99 ) = (1+ (e, —e)v?)? ( 77) = (1+ (c, — e, /9)0?)?

SM SM
9
fermionic top-partners in composite Higgs models exactly lead to Ac: = Acy = ZAcy .

. having access to htt final state will resolve this degeneracy
but notoriously difficult channel '
500 .., 1000

14%-4% @ LHC3130-LHC31300 vs 10%-4% @ ILCs00-ILC1000

Christophe Grojean EFT 4 % qgs 2 KZ7P, April 1§ 2015



Boosted Higgs

Are the NLOpn QCD corrections (not known) going to destroy all the sensitivity? |
Frontier priority: N3LO. for inclusive xs or NLOnt for pT spectrum? |

o high pr tail discriminates short and long distance physics contribution to gg = h
E Vs = 14 TeV,/th — 3ab~ ', pr > 650 GeV
4 (partonic analysis in the boosted "ditau-jets” channel)
o
;S see Schlaffer et al ’14 for a more complete analysis including WW channel
O 7 L S
% 0.3 _ :u‘?)oost =0.8
© * — Upoost = 1.0
D / ’Boost :
@ 0.2~ — HMpoost = 1.2 1
0 _ o - .
Hlina=1.0 £ 20%] 10-20% precision on k;
0.1 [ B JL
- V i“/’
. S& 0.0~ )
5
E’ . competitive/complementary to htt channel
- Tl for the measure the top-Higgs coupling
5 :
3 ~02" :
< :
O |
@ ,
o 035 . NN
s 06 08 1.0 1.2 1.4
2
E Al
i
©
)
IS}
cy
S
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Boosted Higgs

Chrrst ophe 6/‘0(_/8&/7

EF7 4 %qqs

o high pT tail discriminates short and long distance physics contribution to gg = h
3 _ 1
g 3000 tb™!, 10 or 5% syst. unc.
N T T T 1 T T T T T T 1 T T T ]
: | F 95%CT. A perfect case for a very
< 0.1 energetic machine
Q - tth increases by 10 from 14 to 100TeV
g | h+jpm6006ev increases by 210
g - 00 TeV -
0.0

i ~ o(pr>650GeV)
2 Kg R14 — o(pr>150GeV)
g’ -0.1 R __ o(pr>2000 GeV)
g 100 = "5 (pr>500GeV)
5
s -0.2
(%h N
.g | | | | | | | | | | | | I | | | | | | | | I_
5 08 09 10 1.1 12 13
80\
2 rontier priority: os mt TOr p1 spectrum:

22 KZ7P, Apri/ 1g 2015




Off-shell Higgs: gg = h* — ZZ — 4l

of f-shell effects enhanced by the par’ncular couplmgs of Hto VL

Glover, van der Bij '89 - I I =
4—lepton productlon CMS cuts \/ s—B TeV

Z Z gg - h - 4leptons

g g 107
c, >

z OO : z $ 1o
g g g

g 107
N
o

+4-00 2 S +-+00 9 8 1o

Mitiges ~ log” —5 - M — log —m% -

-7 [ | ||_ 1 1 [ I |
. . . . 10 100 200 500 1000 2000
SM: cancelation forced by unitarity mafGeV]

BSM: deviations of Higgs couplings at 1arge s will be amplified

interpretations in ferms of bounds of the Higgs width are limited/model-dependent
but data can be better used to measure the structure of the couplings at high /s

Azatov, Grojean, Paul, Salvioni ’14
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Off-shell Higgs: gg = h* — ZZ — 4l

of f-shell effects enhanced by the particular couplings of H to VL

10— R T
i | | 20—
LHCeev- f

< 8TeV-20/fb [ j LHCI4TeV 3/ab
. * 15. . N_
a L \
o : | |
5 100 N\ S
(0p) : \
= 05
U I :
= 7 i
3 | 0.0
c% ] i
- ) -0.35"
@) B
3 - 1 i
3 I ] -1.0-

-10 T B ] 15 N N S

9% 3 0 5 10 210 —05 00 05 10 15 20
Cy Ct

Crristoprie rojean

Cr/ 4 ¥i1995
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HH production

9 < ---h 9 - h 9 - h
7 7
7 7
ty A t - < +
h ~N ~N
N ~N
9 > ---h 9 ~h 9 ~h
2 my o [ my 2 [ ™y
~ c; X const. ~ ctc3 X — log — ~ c2¢ X log —
S S S
9 - h g - h
7 7
7 7
~N ~N
g N ]’L g ~ h
Qs . s S
~ cqCc3— X const. ~ Cog— —=
g g
4 47 v2
Signal (SM) Signal (SM)
5 :\ T T ‘ T T ‘ T T T TT T TT T TT T TT T T \: § : ‘ :
-] - < 10°E =
s N - g \ .
5 [ 100TeV . s L ]
A . 3 el 100TeV
X 10°E E x T E E
E : S 1
SF N\ ] g 10\ N
" 4Tev E > E14Tev ]
L | i3 E
- 1 107 E
107 5 - E
- . 102 =
10_2§ = ; ;
E\ 111 ‘ 1111 ‘ 1111 ‘ I 1111 ‘ 1111 ‘ 1111 ‘ 111 \: L 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 i
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000
(Myy), [GeV] (b, () [GeV]

Azatov, Contino, Panico, Son ’15
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HH production

L 6;
5; - I
L 47
C3 : Co 2;
0- - j
i |
_5; i —21
i mi
_107‘ ‘ | o | —63 - —62 - ‘—(‘)1‘ - ‘010‘ - ‘0‘1‘ - ‘0‘2‘ - ‘0‘3
-1.0 -0.5 0.0 0.5 1.0 Cu i
C21 h T————————
B e Azatov, Contino, Panico, Son ’15

see also Goertz, Papaefstathiou, Yang, Zurita '14
| Remarks:
* unique access to ¢3 but sensitivity is limited (within the validity of EFT?). ~
- statistically limited, with more luminosity
=> access to distribution

=> discriminating power c3 vs. C2t VS Cq
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