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Motivation

necw

| 1) No direct findings: Mi_, ~ A > my |

-+ Expansion in D,, /A




Motivation

™ 2) BEH scalar is excitation
i around EWSB vacuum < [oms

Preliminary

19.7fo" (8 TeV) + 5.1 16" (7 Tev) |

£SM:

: UTh
: -+ Expansion in (@f

(f = Ag:) L |
Some BSM coupling (necessary, since fields have different |

Expansion
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Motivation (short)

= Provide a meaningful parametrization of
departures from SM (in form of Effective Field
Theory - EFT)

BSM inspired: interpretable as search

® What are the most important parameters to
search for?

® Where can the LHC provide genuine New
Information?
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Fixed by 19 most
precise experiments

What defines SM?

(from an experiments point of view)

- Parameters: 19 in L4 = L

- Accidental relations
(due to d=4 Lagrangian)
mw = My cos Oy
Gnis = mys/v Predictions for other
experiments

e.g.




Motivation

_A4 D,u g*H g*fL,R
AU R T

What defines SM?

- Parameters: 19 in L4 = L

- Accidental relations
(due to d=4 Lagrangian)

mw = My cos Oy

e.g.
gnfs = MgV

9F

What deﬁnes BSM?

- Parameters: 76 dimension-6 ops.

- Accidental relations ?



e.g.

Motivation

(& s g*fL,R gF,uu

A 9 A 9 A3/2 , A2 >2£4+£6_1_”'7

=2/

r& dimension-6 ops.

- Accidental relations ?

mw = My cos Oy
gnfs = MgV



PART 1
17 BSM Parameters:

(Counting independent dimension-6 terms
that can affect BEH scalar physics®)

*=all Wilson coefficients evaluated at u-mw



Parameters for BSM: BEH-only

O, = |HX(D,H) (D" H)

Oy, = ya|H|*QLHdR
Oye = ye|H|2LLHeR
Oy, = yu|H|2QLﬁuR

2
Oce = &|H[*GL, GA4*

In the vacuum <h>=v, operators [H|* x Lsm only redefine

SM paramefters! Observable only in BEH-scalar physics!
1 py H|? v e v’ sl v
EGWG e GG g GG A hAQGWG i



Parameters for BSM: BEH-only

Is=7TeV.L<51fb \s=8TeV.L< 196"

CMS Preliminary

O, = [HIA(D,H) (D" H) S S
Oy, = ya|H|*QLHdR /
Oy, = ?Je|H|2I_JLH€R
Oy, = yu|H|2QLﬁUR

2
Oge =% |H|2GﬁUGA“"

12
Opp = &-|H|*B,, B*

2
Oww = & |H*Wg, W |

005/21 16 225 3 35 445 5
parameter value

8 Parameters fixed by BEH scalar physics experiments!



Parameters for BSM: BEH+EW

O = |H[*(D,H)'(D"H)
Oy, = Ya|H*QrHdR
Oy, = ye|H|2ELH6R
Oy, = yulH|*?QrHug

2
Oce = ‘%”- |H|2GﬁVGA“"

Opp = 4 |H|?B,, B*

2
Oww = & |H|*W2, W
Os = A H|

Owp = 4 (H'c*H)W?, B*

>
Or=3|(H'D,H

O% = (iH' D, H)(ary"ur)
0% = (iH'D, H)(dpy"dpR)

05, = (iH! D, H)(ery"er)
O% = (iHTD#H)QL’}'“QL)

0% = (iH'0*D,H)(QLo*v*QL)
OL — (ZH-DuH)(zL’)’“LL)

O = (iHo*D,H)(L,o*v*Ly)




Parameters for BSM: BEH+EW

In the vacuum <h>=v, these
operators can be measured!

7 iof these operators modify:

Zvv Zeper Zepen
Zasus, Sarug G za. B
' zHTDpH)(eR'y“eR)
All tightly constrained by LEP1 | | 0%=(2H*yH)QLw”QL)
1/1000 | 0% = (iH!0“D,H)(QLo"1"Qv)

OL = (ZH‘DH H)(Ly*Ly)
0P = (iH'0*D, H)(Lyo%v*Ly)




Parameters for BSM: BEH+EW

In the vacuum <h>=v, these
operators can be measured!

7 iof these operators modify:

Zov. ZEiel Zene
Ticns Hooiiira. - A IR N
' OR = (ZHTD H)(éry"er)
All tightly constrained by LEP1 | [EIGEAACIaD
1/1000 | 0P = (iH'0*D,H)(Q10"7"QL)

OL = (ZH‘DH H)(Ly*Ly)
(ZH O’O'D H)(LLO'a /“LL)

_ 0
Preview: /\/\/\/\<

Impact of these operators in BEH-physics is small



Parameters for BSM: BEH+EW

In the vacuum <h>=v, these
operators can be measured!

> P

Oy = 9(!12_'( H'o“H)W2, B |

(2)of these modify TGCs:

'.’5 “

|| 0% = (H'D,H)(arv"ur)
| 04 = (iH'D,H)(dpy dR)

:
i
g
|
]
1
!
i
{
4

| O = (iH' D, H)(ery"er)
i| 0% = GH'D,H)(QLy*QL)

| 0P = (iH1o* D, H)(Qro"v*Qy) |

| O = GH'D,H)(Ly"Ly)
|| 0 = (iH'o*D,H)(Lyo%y*Ly)



Parameters for BSM: BEH+EW

In the vacuum <h>=v, these
operators can be measured!

£

Oy = 9(!12_'( H'o“H)W2, B |

(2)of these modify TGCs:

>
H'D,H

iH' D, H)(apy"ur)
g iHTﬂH)(JRW“dR)
| On = GH'D,H)(err*en)
| 08 = (iH'D,H)(Qur"Qu)

| 0P = (iH1o* D, H)(Qro"v*Qy) |

1
g
5
'

LEP2(ee->WW)
constrained® ~5/100

| O = GH'D,H)(Ly"Ly)
|| 0 = (iH'o*D,H)(Lyo%y*Ly)

Preview: i WE
Ww% «r. .



Small Summary: Parameters

Owp = 4-(H'o"H)W;, B*

O, = |H|*(D,H)(D*H)
Oy, = ya|H[*QLHdg
Oy, = ye|H|2LLHCR
Oy, = yulH|2QLﬁ'UvR

>
Or=3%i|(H'D.,H

0% = (iH' D, H)(apy"ur)
O} = (iH'D,H)(QLy*QL)

O = (iH'6*D,H)(QLo* QL)

Occ = %|H[?GA,GAw
Opp = L-|H|?B,, B*

2
Oww = G |H|*W, W
O¢ = M| H|

B O, = (iH'D,H)(Ly"Ly)
0P = (iH'o*D,H) (L 0%y"Ly)

1
Rv,Rby, Kty Kty KRGy Ky~ y RZ~y Rp3 gz, R~y
0G7¢L,007¢R,0971,097ul,09ZdL,09ZuR,09ZdR

Might as well use these as parameters, to keep
relations between observables manifest!

"BSM Primaries” & “Higgs-Basis”
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BSM Relations for Run 2

h > Zfforh=sWf

ot e i T k= L :
Reldied winy 20 counlinas

Related with Triple Gauge Coupling

Related with / — Y, Yy

-t
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ATLAS Preliminary [A b RN S
\IZ "FZ Y2 ZZ

1s=7TeV,JLdt=46481b' — Opserved

1s=8TeV, [Ldt = 13-20.7f6"  -- SM expected

- N W s OO~y O ©

!
-
=

w2z

400 600 800 1000 )\%,Z— 1 ~ 0.6(591 — 0.50Kk, — 16/@27

o |




BSM Relations for Run 2

h > Zfforh=sWf

SISy i e Pt e Bt O :
Reldied winy 20 counlinas

Related with Triple Gauge Coupling

Related wirn % — Zv. vy
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BSM Relations for Run 2

h > Zfforh=sWf

ot e i T k= L :
Reldied winy 20 counlinas

Related with Triple Gauge Coupling

Related wirn % — Zv. vy

“LAS Preliminary | By L
TTeV,JLat=4648' — Opserved
TeV, [Ldt = 13-20.7 6"  -- SM expected

!
-
=

A w2z

400 600 800 Nyz—1 ~ 0.66g7 —0.50k, — 1.6k,




..but at High Energy LHC improves

Some BSM effects grow with energy:

2
4 A
f\J/alcosﬁl./\/lL\2 A (1 gt T )

iy mW) 6 zAglz




..but at High Energy LHC improves

Some BSM effects grow with energy:

/ g S :
~ [ dcosf i e
/ cos ML’ o A2

. 7Sensitivity fo BSM Enhanced!
\_ PEFT must be used consistently: events with

E > Mcyt cannot be used (conservatively)

' ’% Information about A and the cut-off M .,; (or BSM
| coupling g, ) necessary (similar to DM and EFT!)
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.but at High Energy LHC improves

Some BSM effects grow with energy: .
4 A
N/dcosé’|./\/lL[2 4 (1 e el )

> 7.
(s mW) 8 Aglz

Sensitivity to BSM Enhanced!
EFT must be used consistently: events with

E > Mcyt cannot be used (conservatively)
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.but at High Energy LHC improves

Some BSM effects grow with energy: .
4 A
N/dcosé’|./\/lL[2 4 (1 e el )

(s > mW) 8 2A31Z

Sensitivity to BSM Enhanced!
EFT must be used consistently: events with

E > Mcyt cannot be used (conservatively)

Information about A and the cut-off M .,,+ (or BSM
coupling g, ) necessary (similar to DM and EFT!)

EP2

004 <002 000 002 004 006

097




Conclusions
BSM, early 2012:
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Conclusions

Generic SM
precision tests



Conclusions
BSM, early 2015: '

\:‘

Generic SM EFT: BSM Inspired

precision tests precision searches
(“fare la scarpetta”)



Conclusions

@ EFT: - Consistent framework fo search for leading BSM effects

- Motivation for precision tests

@ Parametrization of BSM for Higgs physics:

7 {09zeL,092cR,092v,092uL,092dL,09ZuR,092dR }

Z
2 {gl 7/{7}
8 {’{9975’7’77KLZ’)/)59‘};’“‘/“,59%,59519759?7_75923}

Focusing on the most relevant parameters (combining different
experiments) increases the sensitivity to new physics

@ High-E regime valuable (at present only for strongly coupled
BSM), but different assumptions onM,.,; necessary for
consistent constraints on A



