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CMS

=

CMS @HiggsCouplingst2014

o A. Massironi — H—ZZ—4%, H—yy, H>WW
= R. Manzoni — H and fermions

1 A. Martelli — Mass measurement

7 R. Wolf & R. Castello — BSM
1 C. Charlot — Total width
0 M. Xiao — Spin and parity
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Oversimplified big picture

Hotww H—WW H—ZZ H-oyy  H—ZI®y  H—inw

ggH * * * * * *
VBF s * * * * * * *
* * w » w *
m * * * *

0 Still much to explore on the rarer ends.
(to the right and to the bottom) (and outside this picture)
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Deviations of H(125)

[ http://xked.com/888/ ]

0 Heavy New Physics
0 LHC HXSWG WG2
0 Decoupling of heavy d.o.f.

0 Indirect effects, loops, dim-6 NEXT
operators, etc. F I
0 Light New Physics ToF
0002187

0 LHC HXSWG WG3

SCORE

0002186
o Other states, degenerate states, etc. “ LEVEL

5

HEAVEN
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I Handles on deviations

(j\@
2
1 Mass
0 Exp. Uncertainties

O SM consistency: (my, my,, m
0 Spin

0 Are we happy now?
0 Charge

O Zero. (That was easy.)

’rop)

0 Parity
o Amplitude decomposition — EFT

0 Scalar couplings
0 K— K(q) — f(q) — EFT
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— C T T T 7 T T T T
D qus E C 68% and 95% CL contours : f}‘:::‘i;;’::é\}" -
-—;- 80.5 — [ fitw/o M,, and m, measurements : _— :g.;g %e;/so ‘ v’ —
o L4 - fitw/o MW, m, andMHmeasuremems —o=0 20ue e d
n Exp. Uncertqlniles = 80.45 = B direct M, and m, measurements ¥ ’ _
1 SM consistency: (my, my, m - -
Yy ( H’ W/ top? soaf -+

[ S pIn 80.35 [ M. - 0.305 - 0015 eV _ -
O Are we happy now? b ' E
C 5 E
0 Charge s025 - 55 2
C I‘”I 1 1 1 1 1 1 "’I 1 1 L”” I;g 1 1 I 1 1 1 | 1 ]

O Zero. (That was easy.) 140 150 160 170 180 190
m, [GeV]

O Parity
O Amplitude decomposition — EFT

0 Scalar couplings
O K— K(q)— f(q) = EFT
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One model
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One model

W) |

Fiat 126
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One model

Willys Mofors STAND No. 8

(AUSTRALIA) PTY. LTD. 79 YARRABANK ROAD, SOUTH MELBOURNE. 69-7411
594 ELIZABETH STREET, MELBOURNE. Phone 34-1519

Fiat 126
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Willys Mofors STAND No. 8

(AUSTRALIA) PTY. LTD. 79 YARRABANK ROAD, SOUTH MELBOURNE. 69-7411
594 ELIZABETH STREET, MELBOURNE. Phone 34-1519

Fiat 126
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Other models?

Fiat 505

R
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Other models?
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Other models?

Fiat 850
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Other models?

Fiat 2300

Fiat 850

M IR

Fiat 505

{1
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Other models?

Fiat 2300

Fiat 850

Fiat 1400/1 900

'(f'? mm’:m {b ‘ e
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Handles on deviations

O Mass
O Exp. Uncertainties

O SM consistency: (my, my, m,_ )

0 Spin

o Are we happy now?

0 Charge

n Ze ro. (Th q-l- WG S ea SYO) Spin 1 Spin 2 prod. via gluon fusion 7 S:pin72 production via qq

O Parity
O Amplitude decomposition — EFT

O Scalar couplings
O K— K(q)— f(q) = EFT
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— | Handles on deviations

O Mass
O Exp. Uncertainties
O SM consistency: (my, my, m,_ )
O Spin
O Are we happy now?
0 Charge
0 Zero. (That was easy.)
O Parity

O Amplitude decomposition — EFT

0 Scalar couplings
O K— K(q)— f(q) = EFT
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Handles on deviations

O Mass
O Exp. Uncertainties

O SM consistency: (my, my, m,_ )
2 2
H A(X— Vi V- ~ -1 _i‘PA]M 2k Lk
[] Sp|n (Xj=0 = ViV2) v ([al e (Ar)? mz€z,€z,
*(Z1) px(Zy),uv *(Z1) Fx(Zy),uv
O Are we happy now? + afp I g i)
+ af“f f;gz) Frm ugv f;ﬁz) Frm
0 Cha rge + g il prom g1 prm) JT'*(’Yz),;w)
O Zero. (That was easy.) e
% _¢az,¢aa=00r1t -4--Gs°/:CL . c
I - x Best Fit <
o Parity 8 3

0 Amplitude decomposition = EFT

O Scalar couplings :
O K— K(q)— f(q) — EFT o5

. l015‘ —
faqcos(0_)
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Handles on deviations

O Mass

O Exp. Uncertainties

O SM consistency: (my, my, m,_ )
O Spin

O Are we happy now?
0 Charge

O Zero. (That was easy.)

. ATLAS Preliminary Total uncertainty 19.7 fb! (8 TeV) + 5.1 5! (7 TeV)
P -I- M= 125.5 GeV +16  +26
D q r I y MOGEI: ., oy g g g 3 7 - CMS - 68% CL
W1 0297 ' / Preliminary —95% CL
(ZANRRR P '

O Amplitude decomposition = EFT | ... [ |°
o Scalar couplings i e
u K — K (q) —> f(q) —> EFT Pygl=0730% ,\|/ ‘ Mz

2.2
gl=0.0"22

‘Hl’H

Il=1185 0

| ] P I Lo | 1 | 1
0 05 1 15 2 0 05 1 15 2 25 3 35
\5=7TeV [Ldt=46-48 10" Parameter value parameter value

\s=8TeV [Ldt=203 b’
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JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)
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H—vyy

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)

Also include further ttH searches:

* JHEP 05(2013)145 — ttH, H—bb (7 TeV).

+ CMS-PAS-HIG-13-019 — ttH, H—bb and H—TT (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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.

> 200 channels

x & ! ) '

w}\ . ‘ “ . .y 1%?\
5 s W
HOWW S H—ZZ—40. BEVH/Hi—bb ) B H—ot H=vy

-

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)

Also include further ttH searches:

* JHEP 05(2013)145 — ttH, H—bb (7 TeV).

+ CMS-PAS-HIG-13-019 — ttH, H—bb and H—Tt (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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> 200 channels
> 2’500 floahng parameters

| . 7%}\ | | Sy ’ "

S 2’ 79
MS S H—ZZ—40._ B'NVH/] Hi—bb H—vod 0 S H—vy

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)

Also include further ttH searches:

* JHEP 05(2013)145 — ttH, H—bb (7 TeV).

+ CMS-PAS-HIG-13-019 — ttH, H—bb and H—TT (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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_" Signal strength
= Qo

L +0.08 |
o/osm = 1.00 £0.13 [:I:O.O9(8tat.)_0.07(theo.) + 0.07(syst.)
19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
] G d b d o 1_ Combined CMS m, =125 GeV
rOUpe y Omlnqn u=100+£0.13 Preliminaly
decay: H > bb tagged
u=0.93%£0.49
2 —
= X /dOf — 0'9/5 H — 1t tagged
nw=0.91+0.27
o p-value = 0.97
. H — yy tagged
(asymptotic) W= 113+ 0.24
H— WW tagged
n=0.83%+0.21
H — ZZ tagged
uw=1.00£0.29
0o o5 1 5T

1.5
Best fit O'/O'SM
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—| Signal strength
o /osm = 1.00 £ 0.13 |£0.09(stat.) " 03 (theo.) & 0.07(syst.)

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)

. _— CMS m, =125 GeV
11 Grouped by production Co % 01| Preliminary
qu: Untagged
ux2/dof — 5.3/4 u=087%£0.16
O p-VCIIUG — 0.26 VBitj?gi:om
(asymptotic)
VH tagged
0 ttH-tagged 2.06 above e
H d
SM ° f tpagge76 +0.99 -
P I S S TR S

4

2 3
Best fit O'/O'SM
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— | Signal strength
m [CMS-PAS-HIG-14-009]
o/ogm = 1.00 £ 0.13 [io.og(stat.)jg;gi(theo.) +0.07(syst.)

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
m, =125 GeV

Combined

: Hs bb (VH tag) | CMS
0 Grouped by production o G| Preliminary

tag and dominant decay: HHjxu&tgggt:g;

. H— vy (VH tag)
DX2/dOf — 10.5/] 6 H— vy (ttH tag)
H— WW (0/1 jet)

o0 p-value = 0.84 H - WW (VBF tag)
. H— WW (VH tag)
(asymptotic) H - WW (ttH tag)
H— 7t (0/1 jet)

H — 7t (VBF tag)

0 ttH-tagged 2.00 above "\ wheg

S M H — 1t (ttH tag) =

. H— ZZ (01 jet)
HoZZ(2jets)| , . ., ...,
-4 -2 0

Same sign
dimuons

1 l 1 1

6

o Driven by one channel. 2 4
Best fit /o,
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- In 2012 some theorists speculated...
[ http://goo.gl/CVmébs ]

@ After Moriond 2012, new fits disfavor the SM and

motivate for New Physics
red = no Higgs boson

green = SM
my, = 125 GeV
=
g 2 5 g v g 9 z u
$8L:828 2 g

Rate/SM rate

t ZZ *
7z
T
Vi
I

P. Giardino, K. Kannike, M. Raidal, A. Strumia, 1203.4254
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_ In 2012 some theorists speculated...
e e ===

new fits disfavor the SM

new fits disfavor the SM

‘new fits disfavor the SM‘
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CMS

&l
=

In 2012 some theorists speculated...

new fits disfavor the SM

new fits disfavor the SM

‘new fits disfavor the SM‘
ONEDOES mn SIMPLYA.

K

DRAW'SUCH GONCLUSIONS
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| Scalar coupling structure
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Scalar coupling structure

Hic est electroweak
symmetry breaking

aav
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I Scalar coupling structure

Gauge sector

Mixed

sector
T g el uW

Y

Loops (y, g) are
sensitive to BSM
contributions.

enjoying.higgs@cern.ch  @CMSexperiment HC2014



Gauge sector
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Mixed
sector

Loops (y, g) are
sensitive to BSM
contributions.



Mixed
sector

Loops (y, g) are
sensitive to BSM

contributions.

Quark loop
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Gauge sector
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Quark loop
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Mixed
sector

Loops (y, g) are
sensitive to BSM
contributions.



Gauge sector

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

Mixed
sector

Loops (y, g) are
sensitive to BSM
contributions.

— \\\\\

Quark loop
enjoying.higgs@cern.ch  @CMSexperiment HC2014



Scalar coupling deviations framework

<:(|<W
\

7%

m [arXiv:1307.1347]

Production modes Detectable decay modes Currently undetectable decay modes
2 _
OggH Kg (kb %, mu)  Dwwe 9 L'y _ 2
oM K2 'SM = Kw M = K
ggH & WW ) tt
OVBF 2 T T
= K KW, K7, M 77, g _
SM vBr(Kw, Kz, M) _ 2
OVBE 5™ = Ky TSM see Section 3.1.2
= Kw I = e
oo bb 9 —ce 2
WH — = K SM t
g FSM b FCE
g _ 2 bb
SM Z I'ss 2
O-ZH FT_T+ _— = K
—— = K2 M b
OttH SM T 5§
e = K2 T_T+
oM ¢ Dyt
ttH r 12 (Kp, Kt , Ke, KW, T0H ) = 2
v v \Bb, Kty Ky KW, TTVH M T
SM 2 ot
L5 Ky
FZY . K%Zy) (Kb7 Kt, K¢y KW, mH) Total width
SM 2 9
FZY Sz I'm g (K6, mu)
I‘%M KI2{

0 Single state, spin 0, and CP-even.
o Narrow-width approximation: (6XBR) =c-T /T,
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Scalar coupling deviations framework

[arXiv:1307.1347]

Production modes Detectable decay modes Currently undetectable decay modes
I'wwe 2 Uit 9
WW (*) tt

'SM - M

Total width
I'n K% (1, mp)
rsM K3

O Loops resolved at NLO QCD and LO EWK accuracy.
0 Peg the as-of-yet unmeasured to “closest of kin”.
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Scalar coupling deviations framework
= Jovwen

Production modes Detectable decay modes Currently undetectable decay modes
2 f—
oggi [ ki(kp,ke,mu)  Twwe Te
oM K2 'SM = Xw M = K
ggH & WW ) tt
OVBF 2 T r
7 = K K K7z, m 7.7, (%) gg )
SM vBr(KwW, %z, mp) o
OVBF ™~ ¥z TSM see Section 3.1.2
OWH 9 77 g
e —— pu— F _
SM Kw T - - )
TWH bb - _ 2 ™M & K
'SM Kp ng_vl
07ZH . 2 bb
sM . Xz T
o | — 2
ZH ot 9 S = «p
TttH 9 M & e
= -t
SM = Kg T r
TttH T 2 wmut o 9
tt v { K5 (Kb, Kty Koy KW, MH) SM = K
SM 2 ot
I3 Ky "
I'zy o KZZY) (Kb, Kt s Ky, KW, TVH ) Total width
SM
A Kz I'n
SM
Ty

0 Total width as dependent function of all K.
0 Total width scaled as free parameter: k..
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| Coupling deviations

n [CMS-PAS-HIG-14-009] [arXiv:1307.1347]

0 Scaling the CMS Preliminary 19.7 16" (8 TeV) + 5.1 fb” (7 TeV)

J .
couplings to N + Observed ¢ ‘SM”I-hggs

fermions (k;) and
vector bosons (K,).

0 Destructive
interference in
H— yy decay
loop breaks

degeneracy.
PN Al |

H --- ' Et, W -2 ' '
0 0.5 1 1.5
" Ky

b enjoying.higgs@cern.ch ~ @CMSexperiment HC2014



— | Coupling deviations

] SCCI“ng ‘|'he CMS Preliminary 19.7 fo' (8 TeV) + 5.1 b (7 TeV)

T ‘ .
couplings to L * Observed ¢  SM Higgs

fermions (k;) and

vector bosons (K,).

0 All decay
channels
converging
around SM
expectation. : HobB
s 1 s
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&
i

Coupling deviations

0 Summary of the fits of six
benchmarks models
probing:

Fermions and vector bosons.
Custodial symmetry. K
Up/down fermion coupling

ratio. }”wz

Lepton/quark coupling ratio. A,
BSM in loops: gluons and
photons. A‘Iq
Extra width: BRycp. Kq
0 No significance deviations
from SM. “
BRgsy

7\Xy = |<X/|<y

summaries

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
CMS - 68% CL

Preliminary . == 95% CL
.

| I | I | I T | I | I I | I | I | l | I I |

0 05 1 15 2 25
parameter value
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I Coupling deviations summaries

(:\@
45|
19.7 b (8 TeV) + 5.1 fb' (7 TeV)

1 Most general

CMS = 68% CL
benchmark Preliminaty = 95% CL
. K
floating the total o "
width. haz|
0 Same ttH-related Az e ——
excess in Ny |
}\tg = K’rop/Kgluon‘ kyZ +:
hz| — t—
}\’tg E e l—
llllllllllllllllllllllllllllllllll
O 05 1 15 2 25 3 35
Ny = KJK G K = KK /Ky parameter value
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Kw

Xz

Kp

1 Assuming no BSM
particles.

19.7 167 (8 TeV) + 5.1 f6' (7 TeV) 197fb (8TeV) + 5.1 fb (7 Te V)

w O[T T T T T [T T T T T T T T T

o, ~a E
T ——————— e ——

parameter value

19.7 1o (8 TeV) + 5.1 ft (7TeV)

- CMS

" Preliminary

1E E
| === 68% CL :
| |—95% CL 1
101k ---SM Higgs _
-2 - T ' -
10°F (M, ¢) fit E
2 =68%CL | -
—95% CL j

1 11 1 111 I | I | I

1 2 345

enjoying.higgs@cern.ch

10 20

100 200
mass (GeV)

@CMSexperiment HC2014



SOME PERSONAL THOUGHTS
ON THE IMMEDIATE FUTURE




| Deviations are on a diet
[ arXiv:1306.6352 ]

2
0 SUSY (tan 8 =5): G Ghrr :1+(1 TeV)
Ghgnibb GhgyrT ma

2
1 Composite Higgs: Intt o Gy 1@1 TeV)

Ghsuff  GhsuvV [

0 Top partners: % ~ 1@(1%\’)2, Ghr 21_0.8%<1Te\/)2
Ihsmgg mr Thervy my
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Anatomy of deviations

1 = (0 ' BR)observed
(0 ' BR)expected

01 Deviations are searched relative to SM expectation.

1 Conclusions are only as good
as the accuracy and precision
of the numerator and denominator.

deviant.higgs@cern.ch  HC2014



CMS

&

Anatomy of deviations

1 = (U ' BR)observed
(0 ' BR)expected

0 Deviations are searched relative to SM expectation.

1 Conclusions are only as good
as the accuracy and precision
of the numerator and denominator.
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.N Anatomy of deviations

1 = (0 ' BR)observed
(0 ' BR)expected

0 Deviations are searched relative to SM expectation.

0 Conclusions are only as good
as the accuracy and precision
of the numerator and denominator.
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h ATLAS Prelim. —°z§‘yagggc, Total uncertainty
CMS _ — O\theory
eo ry my = 125.5 GeV o(theory) + o on W
Bl uncertainties e Sl e
+0.33 |-0.18 ' :
n n= 1-57—0.28 fS;]Z ‘) . [ N } L B
ez a B B
° ° _ +0.40 (-0.13 :
0 PDFs not dominating w=14470" Sl e
on . H—> WW* > Wy oo ) | 1
_ +0.32 [-0.19 :
ggH vs VBF+VH. =100 ol [# i H
.. Combined iRH :
PDFALHC prescription |-y, zze,ww o J | g
too conservative? W=T135 olen |4 A
m Changing soon! W,Z H — bb =05 f B
0.7 |04 — =
aggressive? H—> T (8 TeV data only) |53 g 1
_ +0.5 |-03 : 1
w=14 0 | 4)1 o
Combined o2 : — A
1 NNLO-+NNLL not H—bb, Tt 0 = 1.09'0% 0% :
enough to tame large B
QCD corrections in Combined e ; an
. _ +0.18 |-0.11 :
gluon-fusion? w=1.30" |- 4) I
s =7 TeV [Ldt = 4.6-4.8 fb” -0.5 0 0.5 1 1.5 2
/s =8 TeV [Ldt = 20.3 fb” Signal strength (u)
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Theory uncertaintiess MHOU

0 Scale variations are not Vs M) _ L e s
. oRO(/5 My) o S RS =
theory uncertainties.

. . 8 TeV | /,L:MH/2 = My uw=2My
0 The uncertainty is due to K o

99
Kgg 168.98 +£30.87 377.20 £30.78 681.72 +29.93

missing higher orders.

Higgs Theoretical Uncertainties (Fixed NNLO PDFs)

0 Take gluon-gluon fusion:

. B o S
All series terms are g +ﬁ
sositive. e “
We can 1'I'y omd comple’re (?5“5;_ ____________________________________________ M ________________________________________________________________________________
the series instead of Y S R { ______________________________________
2 B 1 -Scalev t

always being off e =

E -C-HS led Paramet

0_ | | -DavidP aaaaaaaa

LO NLO NNLO N3LO
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CMS

The anatomy of deviations
l-zl—

N

v

L=0 W= 0
(No Higgs) (SM Higgs)
0 U = 1 means that the data match the SM.

o Uncertainty on U quantifies the compatibility with the SM:
mu=1.3 £1.2is inconclusive and “more data is needed”, but
m 1= 2.0 £0.2 could mean New Physics (or a systematic effect).

deviant.higgs@cern.ch  HC2014



CMS

— The anatomy of deviations
S

m compatible

u=0 W= 0

(No Higgs) (SM Higgs)

N

v

0 U = 1 means that the data match the SM.

o Uncertainty on U quantifies the compatibility with the SM:
B = 1.3 £1.2 usually means “more data needed”, but

mu = 2.0 0.2 could mean New Physics (or systematic effect).
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CMS

The anatomy of deviations
n—

N

1
: — Precise measurement incompatible with the SM!
- Evidence of a deviation.
i > “New Physics = Deviation” but “Deviation # New Physics”
u — 0 w= 1 u See, e.g., http://cern.ch/go/W8wW
(No Higgs) (SM Higgs)

0 U = 1 means that the data match the SM.

o Uncertainty on U quantifies the compatibility with the SM:
B 1= 3 x5 usually means “more data needed”, but
® K= 2.0 10.2 could mean New Physics (or systematic effect).

deviant.higgs@cern.ch  HC2014
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<:§W
\

The anatomy of deviations

L=0

(No Higgs)

[

n=1
(SM Higgs)

v

or better theory

Precise measurement incompatible with the SM!

Evidence of a deviation or exp./theory bias.

deviant.higgs@cern.ch

“New Physics = Deviation” but “Deviation #» New Physics”

HC2014

See, e.g., http://cern.ch/go/W8wW



| The anatomy of deviations

L or better theory

Precise measurement incompatible with the SM!
Evidence of a deviation or exp./theory bias.

“New Physics = Deviation” but “Deviation #» New Physics”
See, e.g., hitp://cern.ch/go/W8wW
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O

Instead of an experimentally-driven
basis of parameters use a basis of
QFT operators that may be more
aligned with the BSM physics.

EFT allows to perform accurate
calculations

o NLO EWK effects, etc.
O More sensitive interpretation.

59 dim-6 operators already mapped
out in 1986.

o1 Which operators to keep?
o What about dim-8?
o What about loop processes?

deviant.higgs@cern.ch

o Cffective field theory (EFT): the idea
I

HC2014



First steps in YR3

Table 52: Dimension-6 operators involving Higgs doublet fields or gauge-boson fields. For all 1)2®3, 12X ®
operators and for Ogyq the hermitian conjugates must be included as well.

o6 and $*D?

1/)24)3

XS

Op = (970)3
Osn = (@T0)0(2T0)
Ogp = (®1DH®)*(91D,®)

Ot = (B1®)(ITce®)
Oug = (®1®)(qT,ud)
Oqp = (270)(qTqd®)

Og = fABCGZluGEPGEH
C’)@ _ fABCéﬁ”GEPGE“
Ow = el TEWrw]rwhkn

—~1Iv
KW W Iew K
Oy =¢ w Wy

X232

P2XD

282D

Osc = (210)GL, G4

Opi = (BT0)GAL, GAR
Osw = (21@)W], Wi
Oy = (@1 R)W,, Wik

Ogp = (21®)B,, B*
O = (21®)B,, B*
Osws = (@ir/@)W] BH

~T
Ogtp = (@I @)W, BH

Ouc = (@025 Tud) G2,
Ouc = (@025 T4d®) G4,
Oew = (To’“’ Teerl <I>)WlIW

Oww = (QU””FuuTI:IS)W!Iw
Oaw = (qo"Tadr @)W,

O = (10" Tce®)B,,
Oup = (Go*T,ud)B w
OgB = ((‘]J“”Fddq))Blw

oy =(@ IDM<I>>(W‘1)
OEI;? = (@ DI L) (Iy+711)

= (of 1D 1 ®)(Evte)
0(” (qm ®)(ar*q)
Oéii = (@fiD})(ar"r'a)
Ogy = ('I‘:TiD”CD)(ﬁ'y“u)
Opa = (@1iD,®)(dr"d)
Opua = i(®1D,®) (17 T ad)

Table 53: Alternative basis of dimension-6 operators involving Higgs doublet fields or gauge-boson fields.

@6 and @*D?

1/}2 3

X3

O = (d79)3

O = 8,(21®)0"(219)
Axd >

O = (#'D,®) (27D d)

Olp = (®10)(1Tce®)
Olp = (212)(qlyud)
Ol = (212)(qT4d®)

/- fABCGﬁVGEPGE“

/- fABCGﬁVGEPGE'u

/. TTKwIviwJow K
Oy = el WL/ WP W

¢ TIKW Y wlewK e
O = VKW ,"'W]rwh

X292

P?XP

2 ®2D

deviant.higgs@cern.ch

Oby = (efr!iDhe) (W, )!
Ol = (@HW@) (9B,
Opaw = i(DH@)Ir (D @)W},
0!~ =i(D )7 (D B)W,,
Opep =i(D*®)!(D*®)B,,,

0! 5 =i(DH) (D ®)B,,
Opp = (212)BuB"

0= = (@'o)B,, B

O = @10GH G4

0 - = dteGh,GAw

= (qo™ % T,ud)G2,
odG (Go™ % T4d®)G,
ng (o#Teer! &)W,

(qa“”FuuTI‘s)wa
Odw (@*Tqdr @)W,

OQB = (lo‘“’l“ee@)Bw,
OLp = (@ Twud)B,,
Olip = (@0 T4d®)B,,

0l = (1D, ®)(1y)
’(3) (q>f1D1<I>)(1«,M711)
Ok, = (@t iD 1 @) (8v*e)
OY) = (@4iD,®)(@rq)
;E? = (@fiDL®)(@r'r'q)
Oy, = (®1D,8)(17"0)
Oy = (@1iD,,8)(dy*d)
Opua = (3D, ®) (1" Tuad)

HC2014



Tool A Tool B Tool C

59-dim
representations

Model Model
A B

Simplified models

deviant.higgs@cern.ch  HC2014



Isidori’s 5 steps for 40 eddicts

2 aficionados
o
L [ Kappa formalism — «; J
Non-trivial kinematical structure 3-body on-shell processes,
[e.g. h — 4L, pp — Vh, ...] unique Lorentz structure
! [e.g. h — bb, h — 171]

II. r Form factors — f(s) J

(.

I1I.

I
I
I
I
e.g.: fs)= f, (1+Ls) :
+ !

IV. [ Simplified EFT for a sub-set of observables ( — correlations) ]

-
EFT parameterization of the f{(s) }

V. { Full EFT fit, including EW observables — C, ]

deviant.higgs@cern.ch  HC2014



* NWA

° o+

* Single state
* 1 d.o.f./SM

particle

K

* Short-distance
contribution to loops.

* Appears in at least
pr(H) and m,,,.

* Just one more d.o.f.

K (q)

°q-= pT(H), My,
Myy, Mgy «ee
 “differential ("

* 1 d.o.f./bin

Full EFT

* Wilson coefficients c..
* Which ones?

* Which sets?

* Which assumptions?

f(q) %
Lorentz

structures

cf=f,+ Aq
* As done in
flavour physics?

* 2 d.of./
observable

deviant.higgs@cern.ch  HC2014



vy
v v v

2 (VBF) v (VH)

- v (H¥)
;\\O
Q?
e}
-—"— -—"—— -—— -—— -——
S g T T T T T
5 0185— ‘HATLA*S +-data syst. unc. E
g ‘”ZZ -4 } [/77} 9g—H (MINLO HU+PS) + X H]
3 0.161 \’s=8TeVILdt=20.3 b dgsH (PownzarPS) + XH
-g 0.143— ==== XH = VBF + VH + fIH —f
2 o012b =
Higgs decay to 4f SI e E
008? i
0.06F -
0.04 | -
0.02 =
SRR ik SCCEE LT LT ARRRRITTTS

15 20 25 30 35 40 45 50 55 60
My, [GeV]
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19.7 o (8 TeV) + 5.1 f5' (7 TeV)

— T
ATLAS Preliminary

—
+ SM

T T T ] E E

| ;gmgmary 25F (s =7TeV, [Lat=46481" x Bestfit -

g 2f s=8TeV, [Lot=20.3 10" —68%CL

1op 1.5/ Combined Ho> yr.2Z WWwpb ___ 77 9%%CL 3

oo T T 2P

0.0 Y 3

-0.5[ oF _

1.0 osf- g

15} oo ;

. _1.:....|...‘|....|........|.‘.:
2L 88 08 1 i1 12 13 14

Kv

Accelerator physicists Experimentalists Theorists
More collisions Better detectors & analyses Better predictions
3 S
o 20 o5E + SM

3 “E X Best fit E

15} 2 ' E
1.0p 150 =
0.5 i E
0.0f 0.5E =
05 ' Beyond SM 2 E
-1.0F -0.5 =
-1.51 -1;— 3
2l Loeiin, L B £ Y- I RN I B I S ¥ S

: . N
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CMS

&
o

Conclusion

0 We've just started and there’s a long
and exciting way to go:

0
my = 125.03 + 0.30 jgg‘;(stat.)+°-13(syst.)] GeV Go from O(10%) measurements to

—0.15 . .
differential.
19.7 o' (8 TeV) + 5.1 f6" (7 TeV)
T T IIII| T T T T IIII""""""””

* fems Go from “seen” to O(%) measurements.
> B s 3 7 . . .

S | Prefiminary t Go from limits on rare things to

= | —eswmol observations.

< | |—95%CL Reduce theory uncertainties.

---SM Higgs

107

Explore the full potential of the LHC and
its upgrades.

(M.e)fit |

102
_ “ewo | | O Allit takes is one deviation to point
B VT R TR R T us on the right way beyond the SM.
mass (GeV)
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cMS,/ |

I Conclusion

All it takes is one deviation to point
us on the right way beyond the SM.
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CMS

Need topics for discussion?

=

0 Deviations: precision (uncertainties) vs. accuracy (higher orders) of SM
expectation.

0 “Lumi doubling”: ATLAS+CMS vs. uniform & comprehensive (theory)
uncertainties.

0 Tools: calculators vs. generators.

0 LHC Run 2: more exclusive, more differential, more off-shell, more HVYV, more Yukawas (discover VHbb, ttH).

0 Towards EFT:
Consistency and validity: every complexity-reducing assumption must come with (in)validation experimental tests.
Consistency: observables vs. “inferables”. Global fit of EWPD, a{T,Q}GC, and Higgs.
Consistency: EFT effects in background processes.
Accuracy: |dim-4 + dim-6 + dim-8 + ... |2 = d4? + d4Xd6 (+ d62 + d4Xd8) (+ d8 + d6xd8) + ...
Validity: dim-8 in high-g? tails and/or where there is no tree-level dim-6.
0 The many sides of the HVV hexahedron:
H—{vv, vv*, Zv*, ZZ}, plus VH and VBF (and how can the W fit in this picture?).

0 Experiment-Theory information interchange interface.

deviant.higgs@cern.ch  HC2014
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0 Up above: “Simple six-
parameter ACDM”.

10*

103

Dy[puK?]

10°f

Planck

]
fa"* i WMAPY
£ x I ACT
:
7 2;’ ’t%,f?; SPT
‘
.[ R
>
M‘
%{i
.
S%
Q\I
Ny
2 100 500 1000 1500 2000 2500 3000

14

0 Down below: (Not-as-simple)
~20-parameter Standard Model
of Particle Physics.

ATLAS Preliminary

Total uncertainty

fs=7TeV,L<51f" \s

-8TeV,L<196fb"

=125.5 GeV .
M © tlo =20 CMS Preliminary W 68% CL
Model:x,, x, : T
Py, =10% +0.08 : \\|/” : H ==95% CL
Ky=1.1517 g i i 1q] KV - '
H T VA '
: \ AT '
09987 " =
Model:A, Ky N : / ' p. =037
Py, =10% _n apt0.14 : / s M
Mey=0.860 1 i i :
Mol iz § / Mz e p. =0.41
Pg=19% +0.14 : M
Mz=0-94% 5 | i 2
Model:h._, &y, ke 7 g \ v
T BN e s du =039
[-1.24,-0.81]U[0.78,1.15] i D 1 2z B
Modelih, oy Ky W, : ——
pw=15}/f M M€ \// : \ / Iq Pg,, = 0.49
[-1.48,-0.99]U[0.99,1.50] I ! '
o, : : = |
- Y AR I —--
Kkg=1.08"315 | ; /. .1d :
: \ 2 e el
k=119 i i 1d i ' Pgy = 0-23
oy B : w ‘8R4 24 BR 0.41
Py, ~18% _ +0.29 : / D" ¢ BSM! P.,, = 0.
BR,,=0-16.5 i @95ect | 1 |....|....|....|....|S"."...
2 1 0 12 0o 05 1 15 2 25

Vs=7TeV [Ldt = 4.6-4.81b"
Vs=8TeV [Ldt=203 b

Parameter value

parameter value

Looking forward to LHC combination and surprises at

higher energy: PeV neutrinos, LHC 13 TeV, ...

enjoying.higgs@cern.ch

@CMSexperiment HC2014
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0 Experiments’ pages on Higgs results:

ATLAS: http://cern.ch/go/7IDT
CMS: http://cern.ch/go/6gmZ

Tevatron: http://cern.ch/go/h9iX
m CDF: http://cern.ch/go/q8NV
m DO: http://cern.ch/g0/9Diq

0 Partial list of conferences and workshops:

Higgs Days 2013: http://cern.ch/go/6zBp

ECFA HL-LHC workshop: http://cern.ch/go/SFWé
Higgs EFT 2013: http://cern.ch/go/bR7w

Higgs Couplings 2013: http://cern.ch/go/THp9
Moriond 2014: hitp://cern.ch/go/k8FP

Bernasque 2014: http://cern.ch/go/Pz7I

ICHEP 2014: http://cern.ch/go/8Btf

Rencontres du Vietnam 2014: http://cern.ch/go/97J)
Zuoz Summer School 2014: hitp://cern.ch/go/9SHw

enjoying.higgs@cern.ch

@CMSexperiment HC2014
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More on the combination
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The challenge of combining

Luminosity (o)

Decay tag and production tag Expected signal composition Omy/my No. of categories
° ° 7TV 8TeV
0 Include five main
Untagged 76-93% ggH 08-21% 4 5
2-jet VBF 50-80% VBF 1.0-1.3% 2 3
Yy Leptonic VH ~95% VH (WH/ZH = 5) 1.3% 2 2
d h Egrniss VH 70-80% VH (WH/ZH =~ 1) 1.3% 1 1
e c q y s q n S e q rc e S 2jet VH ~65% VH (WH/ZH ~ 5) 1.0-13% 1 1
Leptonic ttH ~95% ttH 1% 1
Multijet ttH >90% ttH 11% 1
f tt H d i ® H — ZZ® — 4£[18], Section 2.2 51 197
or proaucrion. s 22y e 2t e pasaa S 2
H — WW® — vy [17], Section 2.3 49 19.4
O-jet 96-98% ggH eu: 16%F 2 2
1jet 82-84% ggH eu: 17%+4 2 2
ee ks et 2-jet VBF 78-86% VBE 2 2
2-jet VH 31-40% VH 2 2
303v WH SFE-SS, SF-OS ~100% WH, up to 20% tT 2 2
20+ £'vjj ZH eee, eepl, pup, ppe  ~100% ZH 4 4
H — 77 [19], Section 2.4 4.9 19.7
0 207 channels .
° Ty, U T-jet 70-80% ggH 12-16% 5 5
2-jet VBF 75-83% VBF 13-16% 2 4
_— et 67-70% ggH 10-12% - 2
2-jet VBF 80% VBF 11% - 1
2 5 ] 9 t 0-jet ~98% ggH, 23-30% WW 16-20% 2 2
D p a r q m e e r s [} eu 1et 75-80% ggH, 31-38% WW 18-19% 2 2
2-jet VBF 79-94% VBF, 37-45% WW 14-19% 1 2
O-jet 88-98% ggH 1 4
ee, up 1jet 74-78% ggH, ~17% WW * 4 4
2 ] 9 H —_— V V 2jet CJV ~/50% VBF, ~45% ggH, 17-24% WW * 2 2
¢+ LL' ZH LL' = TyTy, £Th, ey ~15% (70%) WW for LL" = £t;, (ep) 8 8
£+ 17 WH ~96% VH, ZH/WH = 0.1 2 2
£+ 't WH ZH/WH & 5%, 9-11% WW 2 4
b adcC k g roun d VH with H — bb [16], Section 2.5 5.1 189
W(tv)bb pr(V) bins ~100% VH, 96-98% WH 4 6
W(tv)bb 93% WH ~10% 1
Z(££)bb pr(V) bins ~100% ZH 4 4
p d r q m e 1. e r S . Z(vv)bb pr(V) bins ~100% VH, 62-76% ZH 2 3
ttH with H — hadrons [14, 28], Section 2.6 5.0 19.3
H — bb tfleptom—jets ~90% bb but ~24% WW in >6j + 2b 7 7
tt dilepton 45-85% bb, 8-35% WW, 4-14% tT 2 3
H— 51 tt lepton+jets 68-80% 17, 13-22% WW, 5-13% bb - 6
ttH with H — leptons [29], Section 2.6 - 19.6
2(-SS WW/tT =~ 3 - 6
3¢ WW/tTt~ 3 - 2
44 WW:tr:ZZ~3:2:1 - 1

enjoying.higgs@cern.ch  @CMSexperiment HC2014



_| H—=VYV results in combination

0 What changed?
o BR(H—VV) changes by 4 — 5%.

® H>WW and H—ZZ paper results evalvated at H—ZZ m,
result: m; = 125.6 GeV.

m Combined mass slightly lower: m; = 125.0 GeV.

o In the combination H—=WW includes the tiH, H
decaying to multi-lepton result: o/o,,, = 3.7 £1.5.

Individual publication Combination
H—ZZ 0.93 1.00
H—>WW 0.72 0.83

enjoying.higgs@cern.ch ~ @CMSexperiment HC2014



ttH multi-leptons

[CMS-PAS-HIG-13-020] [http://cern.ch/go/FKr9]

0 Very extensive cross-checks performed:
http: //cern.ch/go /Xv8S

CMS Preliminary, u=p= channel =8TeV,L=19.6 b - = -
T T Illr[ylulul IIIIIII":gIIIeIIIIIIII \{§_8TeV,L_19-6fb1

%) = l ]
5 25 i . CMS Preliminary m,, = 125.7 GeV
] B B ttw . ] 16
[ |z ] combined n =3.7 ~
20+ |[Ewz — -1.4
— |[Z] Others .
| |CJFakes 7 i
B i four-lepton | ,
— — - +4. h
T peazts)
- 5 trilepton
101~ - w=277%2
N | dielectron |
B — n o*46
S W=28 B
= dimuon
. 0 I u = 8.40-::73 e —
E 3 electron-muon |
Q ok w=1.92°
% - -23 v bev by s by | | N N N
o 1 6 -4 -2 0 2 4 6 8 1012

——

98 06 04 02 0 02 04 06 08
BDT output oying.higgs@cernch ~ @CMSexperiment HC2014
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Significance of excesses

Significance (0)

Channel grouping Observed Expected

H — ZZ tagged 6.5 6.3

H — vy tagged 5.6 5.3

H — WW tagged 4.7 5.4
Grouped as in Ref. [17] 4.3 5.4

H — 77 tagged 3.8 3.9
Grouped as in Ref. [19] 3.9 3.9

H — bb tagged 2.0 2.3
Grouped as in Ref. [16] 2.1 2.3

enjoying.higgs@cern.ch  @CMSexperiment HC2014



Combined production measurement

[CMS-PAS-HIG-14-009]

Channel grouping  Best fit (pgep i1, #VBFVH)
H — 7 tagged (1 07 L. 24) > i -l- H— 1t tagged
H — WW tagged (0.87,0.66) E.L] CMS H d
H - 77 tagged (052,1.21) > | Preliminary + H- WWiagged |
H — bb tagged (0.57,0.96) =. i 4+ H-—>ZZtagged |
Combined best fit yvprvi/ Hegh fiH 4 | 4 H — bb tagged |
Observed (expected) H i d
1.25+06% (1,001942) + H-—7yytagge
2
A0 19T ETeV) + 51107 (7 TeV)
£ g 5_ CMS — Observed )
g 8;_Preliminary , <<~ Exp. for SMH _é
6l = 0
5! E
3f b
25_ " ’,"’ =
oz\ulhm%L...1..“|..H|..\.E u
o 1 2 3 4 5 6

ggH,ttH

vervH ggH ttH
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Production mode scaling

-@. c:ssumm: SM BR structure
CMS-PAS-HIG-14-009]

0 gy = 0.85 700 (stat.) T3 og (theo.) T000 (syst.)

Parameter Best fit result (68% CL) Observed significance (6) Expected sensitivity (6) Pull to SM hypothesis (o) -1 -1
for full combination 19.7 fb (8 TeV) + 5.1 fb (7 TeV)
0.85%0.12 6.5 75 -0.8
Magh o CMS ¥ 68% CL
s - > > o Preliminary == 95% CL
HVH 1007549 27 27 0.0
it 2.931% 35 12 2.1 '
L
L
L
'
L
L
L
'
+
L
L
L
L
L
L
L
+
L
L
L
L
- '
Parameter Best fit result (68% CL) for 7 TeV data Best fit result (68% CL) for 8 TeV data u \N
4036 +0.19 HH :—-—*—
MggH 1.00%3; 0.8075,17 '
HvBF 1.78t(0):g¥ 1.021’8:32 lllllllllllllllllllllllllllll
" 06952 1061943 o 1+ 2 3 4 5 6
M 0.007213 3227114 parameter value
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CMS

&
o

01 Scaling the
couplings to
fermions (k) and
vector bosons (K).

0 Interference in
H— yy decay
resolves
degeneracy.

o 2.0
1.5

1.0t

0.5}

0.0
-0.5
-1.0

-1.5

2.0t
0.0 0.5 1.0

Coupling deviations

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)

ll]lllllll Il

L L B L
ﬂ\'o..
@
N

TlIllIll]]IlIlIlllllllTllTTll

CMS
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""""""
ot .

.
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Coupling deviations summaries

(\EPN
m [CMS-PAS-HIG-14-009] [arXiv:1307.1347]

. 19.7fb' (8 TeV) + 5.1 fb' (7 TeV
0 6 or 7 parameter fits BTeY) + 7 TeY)
CMS - 68% CL

with effective loops. Preliminary . —95% CL

01 BRgsy measured
assuming K, <1:

0 BRgy < 0.34 (95% CL)  ©

197fb (8TeV) + 51fb (7 TeV)

1 10prrrrrrrrrrre et e e

£ o CMS —Observed E K

< _| Preliminary -~ Exp.for SMH |’ g

oV 8; Ky, Kg, Ky<1, . E

! 7F Ko Key Ky BRBSM _
6| E KY ;
5| ; T B
4i_ l,,' _i BRBSMP :
32_ é ..'\.I....l....l....l....
— = parameter value

[Sras

BRgsu  enjoyinghiggs@cernch  @CMSexperiment HC2014



CMS

&
o

Coupling deviations

Model Best-fit result
Table in Comment
Parameters Ref. [27] Parameter 68% CL  95% CL
Awz = kw/Kz
Kz, Awz (k¢ =1) - Awz 0.94702 [0.61,1.45] using ZZ and
0/1-jet WW channels.
44 +0.14 Awz = kw/kz from
Kz, Awz, K (top) Awz 0.91 -0.12 [0.70,1.22] full combination.
+0.07 kv scales couplings
Kv, K (tﬁ;) v L0L g7 [0.88,1.15] to W and Z bosons.
+0.14 k¢ scales couplings
K 0.897513 [0.64,1.16] to all fermions.
o x 48 Kg 0.894_'8:%8 [0.69,1.10] Effective couplings to
& (top) Ky 1.157573 [0.89,1.42] gluons (g) and photons (7).
48 Branching fraction
Kg, Ky, BRpsm (middle) BRpsm <013 [0.000.32] for BSM decays.
16 Adu = Ku/Kgq, relating
Kv, Adw Ku (top) Adu 1.01 fg%g [0.66,1.43] up-type and down-type
P fermions.
47 +0.22 Agq = K¢/ %q, relating
KV, Aeg, Kq (top) Mg 102557 [061,1.49] leptons and quarks.
Kg 0.767013  [0.51,1.09]
B Ky 0.99701%  [0.66,1.37]
&5V Gimilar to Ky 0971015 [0.64,1.26]
. x 50 (top) Kp 0.67f8:g% [0.00,1.31] Down-type quarks (via b).
by Fs Tt Kr 0.831'8:%2 [0.48,1.22] Charged leptons (via 7).
Kt 1.61 fggg [0.97,2.28] Up-type quarks (via t).
as above
plus BRBSM - BRBSM S 0.34 [000,058]
andxy <1

enjoying.higgs@cern.ch  @CMSexperiment HC2014



[CMS-PAS-HIG-14-009] [arxiv:1303.3570]

0 Individual coupling
scaling factors:
O Ky Kz K, Ky Ko
o All loops resolved:
= KKy K)
m Ky(Ky Kp)
0 SMH width scaled.

“Reduced” couplings

as function of “mass’:

o A = K, (m,/vev)
o (gy/2vev)'/2 = '/
(my,/vev)

19.7 1o (8 TeV) + 5.1 fts (7 TeV)

Q R | 1 I L || I L l| :
= fcms :
N Preliminary i
2 1F 3
: zA"
S |=s68%cCL WET
< [ o ]
- [=—95% CL et -
-1 . g 19717 (8TeV) + 5.1 6" (7 TeV) =
10 ; o"" Ic:’:ryiginary | | ) g
| T T
= b o"‘ Xz _-'-_ -
T o e
10-2 E_ ' Ky ——I—O—— _E
- s s -
| parameter value  _|
Lol Lol

1 34 10 20 1 OO 200

mass (GeV)
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[CMS-PAS-HIG-14-009] [arxiv:1207.1693]

o Vev modifier and power 19.7 o (8 TeV) + 5.1 fb' (7 TeV)
Of COUpling 1_0 mass: S\E : T T T T TITT] T T T T 1 ||||""""'|'""HE
0 Gauge bosons: > : CMS i
Ky = vev X m,2€ /M1+2¢€ QN Preliminary t
: o 1F =
o0 Fermions: ~ - =
K = vev X m& /MT*E S [ |=68%CL ]
< | |—95%CL ]
O For SMH, M = vev = 1L |---SM Higgs _
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Statistics interlude

[ATL-PHYS-PUB-2011-11, CMS NOTE-2011/005]

Test statistic Profiled? | Test statistic sampling
LEP gy = —2In (data“‘ no Bayesian-frequentist hybrid
_ L(datal|p,0,.) . . .
Tevatron | ¢, = —2Ing= yes Bayesian-frequentist hybrid

0,00)

LHC qu = frequentist

o LEP: nuisances parameters (8) kept at nominal values (~).

o Tevatron: maximise likelihood against nuisances (1).
o Denominator considers background-only hypothesis (u=0).

0 LHC: frequentist profiled likelihood.
2 Denominator considers global best-fit likelihood with
o Nice asymptotic properties, savings in computational power.
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Breaking down uncertainties

0 Nuisances grouped into stat, theo, other.
stat includes H—yy background parameters.

theo includes QCD scales, PDF+a,, UEPS, and BR.
syst = theo U other.

1 Procedures:

For (stat)+(syst): For (stat)+(theo)+(other)
. ® o, from scan floating all
m 0, from scan floating ;
) nuisances.
all nuisances. m o, from scan floating

m g, fromscan stat group only.
floating stat group B Ogiqt+other TrOm scan
floating stat and other.
only.
“Ne) =0 o o) - c)-’rheo = OG” © cyst<:|’r+other'
syst — “all stat® O =—0.90..90

other all stat theo®
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- Analyses vignettes
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[PRD 89 (2014) 012003]
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H—TT vignettes

“ [JHEP 05 (2014) 104]

CMS, 19.7 fb™ at 8 TeV
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Fermion decay combination vignette

m [Nature Physics, doi:10/1038 /nphys3005]
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JHEP 01 (2014) 096
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H—ZZ— 4% vignettes

[PRD 89 (2014) 092007]
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- EFT questions
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= ' EFT questions

7 |dim-4 + dim-6 + dim-8 + ... |2 =
= d4? + d4Xdé (+ d6? + d4Xd8) (+ d82 + d6xd8) + ...
Weeding of the negligible, keeping of the sizable.

1 Delicate choices because of:

Tails of large q values where dim-8 may not be so small.
Where there is no dim-6 tree contribution, dim-8 is leading.

0 And let’s not forget interferences.

Backgrounds are also physics processes.
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EFT questions

1 From 2499 dim-6 operators to 59 /76 operators.

Symmetries guide culling:
® Flavour, ~custodial, CP

® Each assumption must come with test measurements/
observables.

1 But down from ~60 should be guided by
experimental sensitivity and consistently:

include LEP, Tevatron, etc experimental constraints.
bridge with aTGC/aQGC searches.
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