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® What do we know from experiment?

@ How fto interpret that theoretically?

® State of art




What do we Know

from experiment




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

A Higgs particle has been discovered...

Significance in CMS, from C.Mariottis talk April 15

_ @my = 125.7 GeV 4

Decay Expected Observed

2z /.10 6.70
YvY 390 3.20
WWwW 530 390 BgF, VOF, W

bb @ e 3.4 0 combined

T 260 2.80

The fact has been so %w«._ﬁ»u established
that no one cares about the significance
anymore ;-)




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

- Most transparent information about Higgs properties from
measuring overall event rate in different decay channels...

- Presented as rate (4 or p-hat) normalized to standard
model prediction
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HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

- Different Higgs production processes can be, to some
extent, separated by experimental cuts

- Inclusive rates dominated by gluon fusion

- But one can choose cuts that greatly enhance VBF or W/z
+h contribution while keeping the signal at observable level
- Also, first reconnaissance attacks on tth

\s=7TeV,L<5.1fb"' \s=8TeV,L<19.6fb"’

Combined O~_<_m Preliminary m, = 125.7 GeV
1=080+0.14| X =32 :umz = 0.52)

gluon fusion

Untagged
u=078+0.16

VBF tagged
n= ﬂ.ON * o.w“

VH tagged
n= ._.ON t O.&C

ttH tagged
p=-0.15+2.86
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HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

@ Currently, 2 most sensitive Higgs channels
are h = yy and h = ZZ* —4l

@ Most favorable from the point of view of S/B
(50 discovery in h = yy alone in ATLAS and
h = ZZ* —4| alone in CMS)

@ In both channels, kinematics can be fully
reconstructed, and mass can be measured
with ~1 GeV precision




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY
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Best Fit o/, Signal strength

- Small deficit of inclusive rate:
M =078 £ 0.28
- Interesting excess in 7 TeV data in
not borne out in 8 TeV
- Mass measured at:
mh = 125.0 + 0.7 GeV

- ~20 excess of inclusive rate:
U =165+ 0.32
- Excess quite stable from 7 to 8 TeV
- Mass measured at:
mnh =126.8 + 0.2 + 0.7 GeV

Larger rate and slightly
smaller mass for cut based
analysis




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY
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Best fit a\amz

- Rate in decent agreement with SM
- Rate in good agreement with SM: =17 %04

MU =092 +0.28 (for mh=124.3 GeV, and 1.5 for mh =
- Mass measured at: 125.5 GeV)

mn = 125.8 + 0.6 GeV - Mass measured at:

mh = 124.3+0.7 GeV




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

CMS Preliminary fs=7TeV,L<51fb' \s=8TeV.L<19.6fb"
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Sygtematic error? Fluctuation? Anyway, legs worrying than lagt year..

Mass combination: Mass combination:
mnh = 125.7 + 0.4 GeV mn = 125.5 + 0.6 GeV

In spite of some jitters in ATLAS, experiments agree
that mn is likely between 125 and 126 GeV
In this falk mn = 126 GeV




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

Besides,

@ Evidence for Higgs in WW*—2|2v channel
from both experiments, with rate in good
agreement with SM

® Almost evidence in h—=TT channel from CMS

@ bb+W/Z channel not conclusive yet

@ First limits on Zy rate, at the level of 15xSM
for 125 GeV Higgs




HIGGS: WHAT DO WE KNOW EXPERIMENTALLY

@ Besides, experiments start probing
differential distributions of Higgs production
direction and Higgs decay products

@ Results presented in the context of “spin and

1/}

parity measurements”, but often relevant in
a wider context

Oimv_m__a_:xQ /wuw.-mﬂrnw__u‘./muw,_,m<.ru5m6.
’ ] ' _ L . o I




How to interpret that

theoretically




@ Interpret the Higgs data in the context of an
effective theory: systematic expansion of
interactions of a Higgs-like scalar with the SM
matter in powers of h/v and D" 2/New physics

MQQ—®> N dﬁ%Qﬁ% pwmﬂOo&r it this kalle

@ Interpret the Higgs data in the context of
concrete model beyond the SM (MCHMS5,
MCHML4, LstH, MSSM, CMSSM,..., NMSSM,...)




Effective Higgs Lagrangian

[see also Contino et al., note for LHC HXSWG]

ASSUMPTIONS

@ There is no new particles
with msmh and significant

coupling fo the Higgs

Double expansion:

hom h%o |T h@w |T % 8 Derivative expansion
G =) TLy A

h/v expansion

Since currently (and for looong time) no experimental
access to terms with 2 and more Higgs fields, only
Llowest non-trivial order (1) in h/v expansion
considered here

Higgs is a scalar particle (spin-0, positive parity)

Higgs has no flavor-violating coupling (within generations of up quarks, down
quarks, and leptons, couplings ratio scale with mass)

Custodial symmetry (couplings to WW, ZZ, Zy and Yy not independent)




Infinite number of parameters
but for a given process at a
given precision level only finite
number of parameters enter

Given QCD/PDF uncertainties,
unlikely we'll ever need to go
beyond 2-derivatives

Unitary gauge (but trivial to
integrate the Goldstone bosons
back)

SM limit:

-all O-derivative couplings
equal 1,

-all 2-derivative couplings
equal O

Effective Higgs Lagrangian
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Effective Higgs Lagrangian

EXTENSIONS

5 A W el i
Add parity-violating &g = N Eyp st + = Cry =Yy +
interactions Yeu,d,l

Add invisible particle h
coupled to Higgs, so as to e o\ e Cof XN
allow for invisible Higgs v
width
h 2

Drop custodial symmetry e.a /N [ DQ\ ISNNKNI g 2
assumptions v

Quadratic divergences to T/U parameters - use with caution!
If they discover a new
particle at the LHC, I'll
be delighted to add it to
the effective
lagrangian ;-)




Not anything goes

Higgs contributes o 2-point functions of

electroweak gauge bosons, whose physical

combinations (summarized into oblique parameters

S,T,...) are well measured at LEP LEP1+SLC iy

In the SM, Higgs+SM loop contributions to oblique
parameters are finite

But when Higgs has non-standard couplings (or

coupling values) corrections to oblique parameters
become divergent

If no custodial symmetry, quadratic or even
quartic (when K-couplings present) divergent
corrections to T parameter

But even with custodial symmetry quadratic B2 e e L 175
divergences may arise if kV#0 AS = l.ﬂ = - ?aﬁp Loy
Hence KV must be tiny and irrelevant for SLELPY, o

Higgs phenomenology unless we allow

fine-tuning in the following we set kV=0




Simpler effective theory keeping the leading order parameters
relevant for experimentally probed Higgs processes

Sm
—hWiW, + —2hZ,.Z,
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@ Simpler effective theory with 7 free parameters

® Standard Model limit: cv=c=1, Cgg=Cyy=Czy=0




ecTive theory and EWPT

Even with these restrictions divergent (but only log)
corrections from Higgs to oblique parameters

‘. > When coupling to mass deviates from SM
aT AQ\ — 1)Tog(A/mz),
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Effective theory and EWPT

LEP1+SLC+my

0<A_. mm ___AN T®Q<m®_\. T—_@@m Barbieri,Bellazzini,Rychkov,Varagnolo,
cV>l is like lighter Higgs s
Stringent limits on cV from EWPT alone:

mgw‘.ﬁ_ 7/04/2013

Unless tuned against other significant contributions to § and T




ecTive theory and EWPT

2-derivative couplings also constrained by EWPT, though less strongly

EWPT: cy=1, A=3 TeV
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Effective theory: decay

|C2z~.sM|

= |c|*

[ggl*
[Cgg,5Mm|?

Cgg +1072[1.28 ¢, — (0.07 — 0.13) cp)

Naive one-loop results

cyy +107%(0.97cy — 0.21¢;),
0.0076,

cz~ + 10 “(1.49¢cy —0.09¢;),
0.014




Effective theory: production

Gluon fusion (ggF), gg—h+jets

gluon fusion

Vector boson fusion (VBF), gq—hqq+jets
Vector boson associated production (VH),
qg—hV+jets

Top quark associated production (tth),
gg—>tth+jets

Production rates: Q.mlmm, _ mmb _ :

SM
ggk

Significant effect of 2-derivative couplings on VH production modes:

o _m@mumz_m

OWH 2 a9 o ¢ 2 K 2 91 ¢
—anp = Cy — (.0cyezy — 5.6 cyCaniah 20.4 Cz~ +9.0c0, +21.2¢cz,c,44,

Ow H

9zH 2 2 2 -
v = Ciy — 9.1 CUCHS 3.4cyc,y +14.9 Cangth 4.3c.., + 15.0¢czc

OzH




Effective theory: rates

Observables are rates in various Higgs channels, which are convolution of production,
partial decay and total decay width

_mmm_w _mq\\v\_w 1

_mmmvmz_w _m%fmz_m Qmod

~ 0.56¢7 + 0.03¢? + 0.06¢2 + 0.26¢% + 0.09—

Furthermore, rates measured by experiment typically depend on different production
modes (sometimes event different decay channels)

e.g.

N&@?NMN \Hm?&wN QQmﬂ ﬂm&gw.\a\mﬁ \Hm.\gw.\ <m N;m?Nw.wam
_RJS mmmm, t +m<wﬂ 1)3\ |Tm tQQ l_lmgm .CQJ

247 76% 0.1% 0.1%

Thus, effectively, each observable depends on all parameters of effective theory




State of Art

Disclaimer: gimilar or exactly the same fite done independently by numeroug theorist groups;
too many to cite them all, 2o in thig talk no referenceg at all, 2o ag not to mige gomeone ;-)




Global fits

We fit couplings of the effective theory to available ATLAS, CMS,
and Tevatron data and EW precision tests from LEP, SLC, Tevatron

Starting with unconstrained 7 parameter, than moving to
constrained 2 parameter fits motivated by new physics models

Assuming errors in different channels are Gaussian and
uncorrelated (except in EW precision tests)

But faking into account the efficiencies of various subchannels fo
different Higgs production processes, whenever available




Category fL ﬁmm.‘ | | | Category
vy | VBF+VH/ggF | 078792 | 14 | | UnCe, low pre | 0.87°0%
o incl. 0.761021 | [6] UnCe, high pry | 0.9673%
WH 03512 | [9] UnRe, low pry | 2.5025%
5 untag. 0:8513% . UnRe, high pp, | 2.697}%
dijet 1.2840% CoCe, low pry | 139703
Zy incl. —-1.873¢ | [8] CoCe, high pr, | 1987 ww
0/1j 0.7419:49 = CoRe, low pre | 2.23741 12
T VBF 139793 | [7] CoRe, high pre | 1.27273
VH 0.7611 % CoTr Yy il
ZH(I*17) | 15212, L2j(high mass) | 27571
" ZH(w) | 1761132 - T2j (high mass) | 1.61705
WH 0.641032 2j (low mass) | 0.327}72
tH 0.6+268 Eqis 297237
11 2.69+L%
WW | VBF+VH/ggF H.wﬂwmw [13]
ZZ incl. 1.351332 | [14]
K48 incl. | 26283 | [10]
| 77 | VBF+VH/ggF | 0:74 -1 | [28]
bb VH 0414192 | [29]

Table 2: The LHC Higgs data included in our fit [4]-[14],[27]-[29]. The rates are normalized to the
SM rate. We also include the latest combined Tevatron measurements: fi,, = 6.2°32 fww = 09703,
i = 162707, fi,r = 2.1722 [30]. For the ATLAS WW and 77 and CMS 4y channels we include in
our fit the two-dimensional ES_Eoo& correlations of the signal strengths for the ggF+ttH and VBF+VH

nradnetion modes.




Effective Theory Parameter

22
% \N_

sl ) VA ¥, V4
Lesr = A W p W i

Wig ' i m Ma =
M L hw;u; — ,d;d; M Lhil;
v v v

W, G d,s,b €1, T

h

Tr :PN A \w\:\\»tt + 2 N\t\\wtt +Czz N\E\Ntt 0 B MQSQT ﬁ,_@,_‘ttﬁa\w\”t Vi QNT ~M,~\v

Because it's fun <<_Jv\ ft?

Because it may gives hints what kind of new physics could be
realized in nature and prompt new theoretical directions

For example: fits to early Higgs data were suggesting ¢V > 1, and
prompted studies of Higgs sectors with triplets where its possible

For example: fits to early Higgs data suggesting large new
contributions to cyy prompted more in-depth studies (collider
pheno, stability, etc.) of theories with light charged particles
strongly coupled fto the Higgs

Ultimately, to prove its just the SM in a model independent and
prejudice free fashion :~(((




Effective Theory Parameter

22
% \N_

2l 7147
Lesr= = hWEW; +

My,
M h w;u; —
”

UGl

h :
S ik A .\f:\\»tt + 2 Ntt\»tt +Czz NttNtt Gk MGS\S,,., :\tt:\* 1 G 3 v

4v v T v py
Should theorists fit?

Asymptotically, no...

Theorists cannot properly take into account all systematics and
correlations

OK as long as the errors are dominated by statistics, but we're
close to the point where they are not
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Comparison of naive and professional fits

Fit fo vector and fermion couplings, CMS data only

CMS Preliminary s w7 TeV,L<51fb' \s=8TeV,L<19.6fb"

[ 1

\IITI

T T A<q<q«a<<<4
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1 1 1 ! ! ! 1 1 1 _ 1 1 1 1 1 1 1 — 1

T ﬁ T

T,y

0.5

Our fits somewhat
But crudely they select the same regions of the parameter space

.
lllll

underestimate errors

For the moment, naive fits have advantage of combining ATLAS+CMS+Tevatron, which
probably smoothes out the edges...




3 Not displayed other islands with
v Q ﬂQ m m ﬂ negative cV, cb, cT

Best fit and 10 range for parameters:

It couples to W and Z mass!!!
1 Oh" - ch \ Too early to say whether
\\\v: couples to top due to weak
1.3+ 0.7 limits on tth production

It couples to fermions!
106 XG0

1.00 4020 Weak limit on coupling

— to gluons due to degeneracy

—0.005 = 0.011 with ct (cf. effective
0.001e = 0.Q0@2 3= S"\'= Shieg e 2 M)

on coupling to photons
.f effective cyy=0.0076 in SM)

—0.003 £ 0.022 <
/ Weak limit on coupling to Zy

: due to weak experimental limits
AxX?=x*sm - X’min =5.1, with 7 d.0f.  (cf with effective czy=0.014 in SM)

the SM hvypothesis is a perfect fit :-




7 parameter fit

@ A Higgs is a scalar particle
that takes part in
electroweak breaking, that
IS to say, it couples to W
and Z mass so as to
unitarize their scattering

@ Overwhelming evidence it is amplitudes

o Higgeae @ For a unique Higgs with

cv=1 it gefs promoted fo

@ Statement independent of
the SM Higgs

possible higher order
couplings to W and Z

Skill some chawnce ikts not

o Smells like the Higgs boson < *M 992 e




2 parameter fits

-We also consider 2D planes in the parameter
space of our simpler effective theory

- Fit 2 parameters, while fixing (not marginalizing
over) the remaining ones

- The choice of free and fixed parameters
motivated by popular models of new physics

- Showing 1 sigma bands for the combined results
in the most important Higgs decay channels

- Combined 68%/95% CL regions corresponding to
AX"2 = 2.3/6.0, respectively




New physics in loops




2-parameter fits: loop inspired

Loop-induced new physics - Only 2-derivative Higgs couplings to gluons
cv=c = 1. cz,=0 and photons vary; other couplings kept at SM

values

- On this plane, no significant variation of X2
in Vh—bb and h—=TT channel, only h—Yyy and
h—=VV* channels relevant

- Good fit when cgg and cyy very small, or
when significant but fine-tuned against SM

contributions

- 2 islands have exactly the same x2. The
lower corresponds to cgg contributing tfo
gg—h amplitude approximately twice as much
as SM top loop but with opposite sign

-0.001 0.000 0.001 0.002 0.003 0.004 0.005

Cyy

- There are also 2 other mirror islands at
cYy=-0.016




2-parameter fits: loop inspired

Assume Higgs couples to new scalars or fermions

2m? ms, =
£ =—c,"—thS'S —c;—Lhff
v v
Heavy scalar or fermion in color representation r

and charge Q contributes to eff. Lagrangian as

Qo 2 1
0Cog = — | —=c+Co(r+ —csCa(rs
Cgg i wQ .NA,QVJr@ sCa(rs)
¥ g 5 1 0
Cyy 3 Q\@%QAW\V + 6 ﬁm@m&ﬁxv

For fundamental color representation (quark)
C2=1/2 and d=3




2-parameter fits: loop inspired

- For colorless new physics, parametrization
in the cyy-cZy plane relevant

- Currently, constraints on cZy from Higgs
and EWPT competitive

- Zy rate can be enhance by factor of -5

without conflict with EWPT
~0.04

_006 - Large cZy means large c(WW and ¢ZZ =

enhancement of VH production by 50%

~0.08 ;
possible

-0.10
-0.020 -0015 -0.010 -0.005 0.000 0.005

Cyy




Composite Higgs

Slideg in thig eubgection stolen from Francesco Riva




Minimal Composite Higgs Model

Like QCD: (techni)quarks, strong dynamics, global symmetry

\

New “quarks”

Global symmetry
G=50(5)

P
A
[3)
S
e
&
ol

dynamically generated
Composite states
(incl. scalars) H=50(4)

4 naturally light
composite Goldstone bosons = Higgs doublet

Kaplan,Georqi,Dimopoulos,Dugan,Galison ‘84; Aqashe,Contino,DaRold,Pomarol ‘05 -'07



NGBHiggs couplings to SM fields

Higgs = Goldstone Boson of SO(5)/SO(4)

_142m—(1+2m+n)v?/f?

roh
described by angular variable sin —

«\v

+ ?Em,\% 1 — sin® mw,v. AW, WH 4.

Coupling to W and
model independent

_ Coupling to fermions e
| model dependent ™~ @8@ @




Composite Higgs and EWPT

Integrating out composite resonances produces a shift of S

AS = 8mv?/m? m, ~ 0.8gf

P
Also, a shift of S and T due to cV«l

9

3(97 + g¥) v° ‘
87 g7 fe log(my/mz) But there can be other corrections
i \ to S and T, e.g. from heavy

1 uf .
67 \S rvmﬁ,_,:,N.u\SNv fermions...

AT ~ —

EWPT constraints, AT=0.1
3.0f , , ]

EWPT constraints, AT=0
, =

B
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~~o
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~

f>1.3 TeVilless Than 5% coresilcizai i with AT-~0.1, f below TeV allowed (>10% corrections)



NGBHiggs couplings to SM fields

ded

Strong sector contribuvrions
can weaken this bound
(not this)
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Two Higgs Doublets Models

heavy Higgs «§-§ modified Higgs couplings

m; ~ my + 165,07 Need SUSY contributions to V(h,H
1252GeV? = 912GeV? + 862Cev~(Heavy stops,D-terms,F-terms,...)

AV S ht I 7
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i |%%ﬁ@5m@|w
M
2

HH+§ooﬁw@|w
My

h -||4r\/
il U0 e

Blum,DAgnolo,Fan’12; Azatov,Chang,Craig,Galloway‘12
*Ignoring loop effects that couple b and Hu (Gupta,Rzehak ,Wells'12) Montull,Gupta, Riva, ‘12




Two Higgs Doublets Models

mi ~ my + 166,v°

| Yb

| ..SM
Yy

= Hlmaﬁmbm

= 1+ 46 cot B—
My




Two Higgs Doublets Models, SUSY

mi ~ my + 166\v°

. Hlmadmbm|w |
mi |

@w

= Hl_lmgooﬁwq
My

D-Terms: Av = « (|HY?




Two Higgs Doublets Models, SUSY

mi ~ my + 166\v°
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Higgs Portal




2 parameter fits: invisible width allowed

Higgs-portal tnspired hew physics
cr=cy=1, cy,=cz,=0
cr=cy=1, cgg=Cy,=cz,=0

30

Excluded by monojet
searches
in CMS and ATLAS
Djouadi et al. 1205.3169

Excluded by ATLAS
ZH—invisible search

- If all couplings at SM value, invisible branching fraction larger than 18%
disfavored at 95% CL

- Allowing invisible width and simultaneously new contributions to Higgs
couplings o gluons gives more wiggle room

- For the sake of the fit, “invisible branching fraction” could be “branching
fraction into anything that LHC is currently insensitive to”, for example h->4
- But for fruly invisible width, monojet searches and ATLAS LEP-like search
place non-trivial bounds on this parameter space!




To Take Away

Higgs!!!

Effective Theory!!!

Measuring inclusive and exclusive Higgs rates in many channels
allowed us fo constrain some leading order coefficients of the

effective theory operators

Thanks fo EW precision observables subleading operators also
constrained

Awfully good agreement with the SM so far

Robust constraints on some Higgs couplings, especially the couplings
to the W and Z bosons

More updates coming (h—bb, tth, exotic channels) but the basic
picture unlikely to change during before 2015

Looking at differential distributions of Higgs decay products one
can probe 2-derivative operators in the effective theory




Backup

1f there’s time, bub there never is




Effective Higgs Lagrangian

GOING FURTHER

Higgs rates are degenerate ( cvdme. WHW e )
k i ; g = v2myw W, W, +evmz 2,2, + CqMq, Giqi
between p”“2 and p“4 coefficients. s flt ) MU i

For example, increased H—=ZZ rate
can be obtained by increasing cV
or cZZ or KZ

qg=u,d,l 1=1..

cc 5 .: .. ,. \ . w ‘_
: 19 OE\ T v T Cyy L::L:: + 2¢z, R\:\}:\
But differential distributions of : o

Higgs decay products in ZZ, WW : v+ MNLN W EWesse ¢ + ————-¢2+ | ZuwZ,.0

and Zy channels will be different gy AL

+ryv (W), 0% gr

+h.c.) + 6kvZ,0,2Z,, +
gy

RV Nt QN.\);. 737

uv




Higher order operators in h—=ZZ— 4|

In progress with A.Azatov,C.Grojean,E. Kuflik, T.Volansky; see also Chen et al 1211.1959

General DBV:._.CG_NH Cao et al. 1001.3396

H %
M[h = Z,,(k1)Z,(k2)] = Awsﬁx_ Filn,, + B4 ? k2 = nuk - ko) + ﬁwmmxcpmwwwwv

v v'iu

SM: Fie =1 FZ2 = O(ay/4T) FZZ o Not considered in

any analysis so far

m?mn:<mwm7> LBSM off = ! A%E\ﬁme + omm Nm: + mmm NE\NE\ I RNNN:@:NE\V
operators:

k? + k2 One might also

NﬂoNN CY & W27 5 include effective Zy

MSN operators but here
77 assuming they’ll be
F AN constrained by zZy

7 - te anyti
MJNN = Cpy _dmm_é_ammoo:

Contribution to
form factors:

CMS analysis
Qmmﬁulgmﬂ_ﬂ._.@m kRzz — Cz7 — «NN — C 3_3; Cv — R7z7 — C7z7 — C

between: “scalar” “pseudoscalar”




Higher order operators in h—=ZZ— 4|
Total width in this channel:

Ll Aw.z 722Y2 _ ) 77TFEZFZZ | (.065(FZ%)2 &+ o.ow@%ivwv keV

But, weak dependence on higher dim operators, and degeneracy with cq..

A better approach to constraining the 2-derivative couplings:

® Lowest order O-derivative operator leads to
larger coupling of Higgs to longitudinal
polarizations

Higher order 2-derivative operatfors lead to
larger coupling of Higgs to transverse
polarizations

By looking at the angular distributions of the
leptons from Z decay one can measure the
relative fraction of transverse and longitudinal
polarizations in Z decay, and thus constrain
higher-dimensional operators




Higher order operators in h—=ZZ— 4|

ATl Complicated

~ functions of m* sy N2
dm., dcos @y dcos s \ b3 * _HAH -+ COS %Hv AH_. -+ COS QMVQ

i i ; . Al : _ 0% Vi . : S By H
Q.Udf:n.ﬂmﬂmi._a_d .?f:v T.r:wﬁ:mx JT:mj Sw i vaﬁ&mv + Q::N, I:ﬁw.f SWV J «.T:w:\mv Aﬁmuv %
_m:c_o:m_z

approximation of L
one on-shell zZ):

(1, T:m — :K\ - N:w;c\\ LA R44 T_:.w 6, sin® QL

m* - invariant mass of off-shell z
01,2 - polar angle between other Z direction and |- in the rest frame of Z

other angles @, ©* 0* irrelevant

One operator One operator




