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Discovery Physics!
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"As a layman, I would say: I think we have it.” - the D.G.
it
Depends on what the meaning of the worayf is.




All Data (48 channels)
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WHATIS “IT?

Experimental profile still being resolved
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Experimental profile still being resolved

Best of [uck sorting the credit out nobel committee!
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Experimental profile still being resolved

A beautiful alternative
theory?

www.Morphihin‘g.com
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WHATIS “IT?

Experimental profile still being resolved

Have to assume something. - I assume a scalar field -
Consider more exotic possibilities AFTER.
broad scalar EFT attempts fail.




Consistency Problems requiring some New Physics

A scalar field is already strongly implied by the problem to solve.
The massive W, Z indicate that there is a consistency issue at high energies:

2

Eeffzm‘%vW_FW_—l—%ZZ—l—---

The extra polarization mode causes the inconsistency:
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Consistency Problems requiring some New Physics

A scalar field is already strongly implied by the problem to solve.
The massive W, Z indicate that there is a consistency issue at high energies:

2
m — .
Lepp=miy WW=+ =227+ Wir W = Wi
v — W W A
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The way to think of the theory we have actually been probing till now is:

2 ?)2
= Tr (D*TD, ¥)

Goldstones of broken SUL(2) x SUR(2)/SUy (2) give mass the to W and Z

grouped in the nonlinear chiral EW Lagrangian as X = exp(io, 7 /v)




Consistency Problems requiring some New Physics

A scalar field is already strongly implied by the problem to solve.
The massive W, Z indicate that there is a consistency issue at high energies:

2
Eeff:m%VWJrW_—l—%ZZ—I—---

Cut off scale of the EFT: A =4vn .raised to... A =4v7/\/|1 - a?]

Fairly suggestive that a scalar field of some form will be involved in the UV completion.




Nonlinear Chiral EW Lagrangian + scalar

Leading terms in the EF, there is a systematic derivative expansion to exploit:

1 5 v? b h h? h3
5(8Mh) —V(h)—l——TI‘(DME D Z) 1‘|‘26LWZ—‘|'bZW—‘|‘bSZW_‘|‘"'

. yw h
] ( ywdj )—I— .C.,
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Also higher dimensional operators: (hats -dual fields)
5 Cg g 3 A Apv Cw g 2 a a v CB g 1
— h HY h Hy
Lhp 3272 GG 32 72 WiV 32 72

Cg 93 A Auv CW 92 v Bgl v 2
h Hv _ hW?¢ apy _ hB , B h
327T G G 32120 W 1 32120 +O( )

hB ,BHY

Also higher dimensional derivative operators in the chiral EFT...

TOO MANY DAMN PARAMETERS!




Nonlinear Chiral EW Lagrangian + scalar

EFT gives model independence & is a systematically improvable Lagrangian
approach . ALSO LETS ONE USE SYMMEIRY T0 REDUCE PARAMETERS.

Assuming custodial sym and consistent with MFV:

1 , U b h
i(auh) +ZTT(DME DFY) |1+2a—| —

Also higher dimensional operators: - assuming no large BSM CP violation

£5HD _ 6993 hGA GA,U,I/_ CW92 hWa Warv _ CBgl hB B,uu

327129 3272 3272 v

Reasonable coupling space, can draw physical conclusions for sym theories with current
data. Still have degeneracies. ONLY THE START OF THIS PROGRAM.




Fit Methodology:

It is just a damn X°! -many charitable and friendly physicists.

We advocate fitting to the signal strength parameters for fits. Not constructing
a private likelihood from CLs limits, or making up signal strengths from CLs
limits to avoid distorting the fit space (this is industry standard -- now):

[Zj Oj—h X BI‘(h — Z‘)]observed X (qu — Iaz)2

Hi [Z] Oj—h X BI‘(h — Z)]SM j X (MZ) 0732

1=1

The equation above is more properly a matrix equation with a correlation coefficient matrix,
Correlations are neglected as they are unsupplied -- somewhat unknown apparently.

We do not make up our own correlations. Currently they are (far subdominant),
but soon they will matter. (End of year perhaps?)

Please think about them experimentalists!




History of a discovery in Fit space

SM 82%CL
away from
best fit point

Two minima:
(a,c)=(1.13,0.58)
v°=2.86

(a,c)=(0.96,-0.64)
v?=1.96

v= == Atlas 95%CL exclusion

m—  CMS 95%CL exclusion

Tevatron 95%CL exclusion

— combined 95%CL exclusion

Fit to LHC Higgs like data, inclusive

165% CL

907% CL

997% CL
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Espinosa,Grojean,Mubhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1202.3697




History of a discovery in Fit space

SM 887%CL
away from
best fit point
(~20)

Two minima:
(a,c)=(1.18,0.55)
v?=7.5

(a,c)=(0.99,-0.64)
¥4=6.3

v= == Atlas 95%CL exclusion

m—  CMS 95%CL exclusion

Tevatron 95%CL exclusion

— combined 95%CL exclusion

Fit to LHC Higgs like data

165% CL

907% CL

997% CL

Espinosa,Grojean,Mubhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1202.3697




History of a discovery in Fit space

mh=125 - 15 Channels - Fit + 95% CL combined exclusion

-

165% CL

907% CL

997% CL

v= == Atlas 95%CL exclusion

m— CMS 95%CL exclusion

Tevatron 95%CL exclusion

— combined 95%CL exclusion

1.0 1.5 20

Paosf-Moriond/ Pre-ICHEP

Espinosa,Grojean,Mubhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1202.3697




History of a discovery in Fit space

SM 93%CL
away from
best fit point
(~1.80)

Two minima:
(a,c)=(0.86,-0.64)
v?=41

(a,c)=(1.05,0.63)
v°=414

v= == Atlas 95%CL exclusion

m— CMS 95%CL exclusion

Tevatron 95%CL exclusion

— combined 95%CL exclusion

Notice scale change, errors coming down! 1o

7&8 TeV LHC data & Tevatron

Data day of discovery (released)

Espinosa,Grojean,Mubhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1207.1717

20
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Need to rescale
7, 8 TeV data

independently.

Data released day of
largely 7+8 TeV

combinations.




History of a discovery in Fit space

SM 88 %CL
away from
best fit point

Two minima:
(a,c)=(1.07,0.68)
v?=43.6

(a,c)=(0.87-0.68
¥2=44.3

v= == Atlas 95%CL exclusion

m— CMS 95%CL exclusion

Tevatron 95%CL exclusion

— combined 95%CL exclusion

Notice scale change, errors coming down! 1o

7&8 TeV LHC data & Tevatron
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Post ICHEP Data - up to date.

Espinosa,Grojean,Muhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1207.1717
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0

Most 7,8
data now split.

Atlas photon

subcategories
and WW largest

changes.




Point of the symmetric a,c fits

7&8 TeV LHC data & Tevatron

GWS is here, is the data there as well?

The SM 1is a specific point in the coupling
space of the EFT.

This is a direct (minimal) way to test - is it the
SM Higgs with no other N.

Of course the conclusions are changed if you fit with a different theory.




Add in EWMPD to the Fit
7&8 TeV LHC data & Tevatron + EWPD
1.5 j‘ S S ‘f

T&8 TeV LH(}Qata & Tevatron
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Here we use the log dependence on a not 1 in EWPD determined in

Barbieri, Bellazzini, Rychkov, Varagnolo arXiv:0706.0432



http://arxiv.org/find/hep-ph/1/au:+Barbieri_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Barbieri_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Bellazzini_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Bellazzini_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Rychkov_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Rychkov_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Varagnolo_A/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Varagnolo_A/0/1/0/all/0/1

Can you trust a theorist to do this?

Comparison with CMS “of ficial” fit

CMS imposed a prior ¢ >0
(it doesn't affect 2, but it modifies Ay?)

Your X°is too damn good !
-out friendly competition

CMIS Preliminary This means that:

\s=7TeV,L=511b'

\s=8TeV.L=531b"
Our contours | a) We are not badly screwing up.

b) correlations do not matter (now)

or

b) they do matter but CMS is as lost on
estimating them correctly as we are.

Conclusion: You can trust some theorists to do this (for now)




More Movement by Atlas and CM.S in this direction

a2k Atlas Comparison
- ATLAS Preliminary + SM

< Bestfit .
- 15 =TTeV, Lot =481 —-2InAK ;) <2.3 1

s =g, fr=5850° 2K ;) <60 ]

The contours of comparison are pretty good! However, more of a shift than CMS.

1) WW (0,1,2 jet) sub-channel treatment, they have motre info, can use the sub-channels.

2) gamma gamma correlations might matter here due to the way the data was sliced up

Need more info from ATLAS for a more direct comparison.




What is the right approach to use?

It is obvious that we will be doing Higgs Effective Field theory for LHC
and linear colliders. But WHICH EFT to use?

1) Assume that the scalar is embedded in an SUL(2) doublet?

If yes most relevant to study the effects of these operators:

2 2 2
92 (01 9) Gyl G = R (of gy Wi, ey — L (61 6) B, B

6 _
Lrp = — A2 A2 A2

YA Apv éWg% T 1a apv éBg% T » 1%
( ¢) G,LLVG _T(gb ¢) W,LLI/W o A2 (¢ ¢)B,LL1/B

A complaint here is that one assumes the SM (+ NP) when trying to prove the SM.




What is the right approach to use?

It is obvious that we will be doing Higgs Effective Field theory for LHC
and linear colliders. But WHICH EFT to use?

2) Do not assume that the scalar is embedded in an SU;(2) doublet.

Can still have SUL(2) x U(1) just realized non-linearly. Use the EW chiral lagrangian
+ scalar EFT. This is more general . The SM as a subclass of this general EFT.

'C?—]D _ 0993 hGA GA,U,I/_ CW92 hWa Waerv _ CBgl hB B,ul/

3272 3272 327120

CQ 93 A Auv CW 92 v CB gl v 2
h H h W apy _ hB ,B* h
327T G G 327T W W 3212 v —l_O( )

There are also higher order terms in the EW chiral Lagrangian + scalar EFT:

h h
cw (W, D, WTH" + W, D, W) —+22,0,2"" —+

The momentum dependence is different, precision studies of distributions at linear
colliders are of interest if these terms are non zero.




Marginalization Games

V2Co/A* , Ve, /A* marginalized (a,c) margmahzed

-

Espinosa,Grojean,Mubhlleitner,Trott
JHEP 1205 (2012) 097 arxiv:1207.1717

TVery interesting that the SM higgs hypothesis A way of seeing that the existence of the
test is improved in the context of NP in this VY “excess” depends upon the Yukawa
way. Need more data. couplings being SM - like. Need more data.

see cll:YO Rauch, Plehn arxiv:1207.6108
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Branching Ratio Invisible

C : Co 201
The invisible branching ratio is great as |

it is a universal shift on signal strengths. 15
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The invisible branching ratio is expressed as: Bri,, =1— .

One can fit to it using the SUPPLIED COMBINED SIGNAL STRENGTHS




Branching Ratio Invisible

Supplied combined signal strengths:

Experiments | ., my =124 | 0., mp, = 124 | ji., mp, = 125 | 0., mp = 125
CMS [22] 0.98 0.32 0.94 0.32
ATLAS [22] 0.61 0.38 0.81 0.38 / tev
CDF&D( [24] 1.31 0.62 1.28 0.62
Experiments fle, My =125 | o, My, = 125 | fi, my = 126.5 | 0., my = 126.5
CMS [7&8 TeV] [1] 0.80 0.20 0.67 0.19
ATLAS [7&8 TeV] [1] 1.12 0.27 1.24 0.26 WOW
ATLAS [7&8 TeV] (& pww) [56] 1.32 0.29 1.37 0.27
CDF&D@ [44] 1.35 0.59 1.38 0.60
BRj,y check of Correlation effects 10 SM Higgs Fits constraint on BR;,., Discovery Potential for BR;,,
' - - v ! v ' ' 1.0 . v -
365G
il O8N N AN o Phexg<P2o ]
sf~_ T/ = 0.6}
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X E
af m;=125 GeV 2 0ab_ A
2 2f N\ PP
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BRln\' BRmv M;(GeV) 22



Conclusions

So, what exactly is “IT"? We don’t know yet. Howewver.

Global fits to signal strengths are a powerful tool to understand “it”.
Using symmetry one can gain a lot more from the signal strength data in an EFT approach.

Have shown how one can study the boson in this context, and how the profile has
evolved over time. The SM higgs hypothesis consistency with the data has been relatively stable

with about a 2 sigma deviation present in the (a,c) space test.

Global fits to Higgs properties are a powerful tool for constraining new physics.
Showed an application to an invisible branching ratio. This will matter in the LHC run for
dark matter direct detection, [imits are approaching the interesting BR range rather fast!

Global data studies are very powerful and are scaling amazingly fast!
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Constraints are scaling!

7&8 TeV LHC data & Tevatron
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