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SM effective theory

We assume |

NP

M

In this case it is possible to describe experiments at the electroweak
scale using an effective field theory framework:

L
L= LM+

G

12

d=6
O;

-

!

We assume L and B conservation

+(dim > 6)

i Leading deformations of the SM ]

==

( 59 independent dim-6 operators for 1 family of fermions.]

Grzadkowski et al. 1008.4884
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SM effective theory

- (fairly) model-independent
EFT framework

- link EW observables (oblique param, TGC)
and Higgs observables
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SM effective theory

- (fairly) model-independent
EFT framework ——p
- link EW observables (oblique param, TGC)

and Higgs observables

We fix a particular set of observables we are interested in, and then study only
the operators which give the most relevant contribution to these observables

Technical detail 1:

In order to have a consistent computation it is however important to specify a complete
basis and carefully treat the redundant operators (e.g. those generated at one-loop need
to be redefined back into the basis).
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EW and Higgs observables

We focus on the following 10 (pseudo-)observables:

VYV

N\ N

S, T, W,
<103

Barbieri, Pomarol, Rattazzi, Strumia LEP EW Working Group
hep-ph/0405040 1302.3415

Gfitter 1209.2716

David Marzocca Higgs Hunting 2014

BRh# !1/1Z7)
Cu Ci7
<103 =10+

Pomarol, Riva 1308.2803

(bounds so strong because these
are loop-generated in the SM)

h - h

CH
<0.5




EW and Higgs observables

After constructing a complete basis, the relevant 10 operators
contributing to those observables are:

current-current (CC) operators!

(tree-level in renormalizable, Non-CC operators!
minimally-coupled theories) (usually generated at loop level)

1
On = 5(6’“IHI2)2
or = L b Oss = g”H[’BuB"
R R » Owgs = ggH oHW3 B
! _ 202 |
Ow = ig H7*D'H D W Oww = @ H["W W
) # — 1 al\p/b\p/c'u
Op = ig¥u HD'H @ By Osw = 59acWy Wir W
Oy = #(D'WH )2
2w = 5( ,u!)
1
Ozp = #3(0"Bu )2

We “rotate" the coefficients to the "observable basis" in which

1 coefficient 4€——¥ 1 observable
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RG scaling of the coefficients

Energy scale

~ UV dynamics \
> A C ( A) — what we would like to know

| Experiments = M Ci (rTh) — what we measure
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RG scaling of the coefficients

Energy scale

~ UV dynamics \
> A C ( A) — what we would like to know

4 Renormalization Group
scaling

v

| Experiments = M Ci (rTh) — what we measure

(The coefficients mix among themselves along this RG rowJ
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RG scaling of the coefficients

Energy scale f S -
0(0DS)|m, = @i(My) = &(A)" 7-59;6(A)log —
A+ Ci(AN) gl B
We computed the relevant anomalous dimension matrix

RG |

scaling ﬁ

v

MmN Ci(m)
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RG scaling of the coefficients

Energy scale

5(0bS) i, = B(m,) = (A" < 58,6(1)log
A+ G(AN) N

We computed the relevant anomalous dimension matrix
RG - . .
: | .. Our basis is well-suited for this purpose because the
scaling N | . - . |
% relevant anomalous dimension matrix is block-diagonal:
~
Q) 1
S [ e | | | |cn!
w~ 11
3 cT CT
v S " cB Cs
Q 11
@ cW Cw
- ~
Mh Ci (m) “eoB | Ca8
" cow Cow
" cBB CBB
" oww Cww
" cwB CwB
\ ! c3W ] \ ‘ \CSW‘
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RG scaling of the coefficients

Energy scale f B
0(0DS)|m, = @i(My) = &(A)" 7-59;6(A)log —
A+ Ci(A) — _ _h
We computed the relevant anomalous dimension matrix
RG |
scaling ﬁ A well known example: Barbieri et al. 0706.0432
9 = @g(m )"@:(A)4--£f:n%ﬁ lo _f£_+
, — QS Z) — &S 1682 6 7 109 m, .
v . "2 3 A
P = @r(my) = @r(A) — 1?—682561{ og ——+ ...
Mh Ci (M) Z

"4

Direct bound
(from experiment)
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RG scaling of the coefficients

Energy scale f —

- |
o(0bs) |, = @(my) = @(A)]" —=9;;6;(\)log
At ci(A) ey

We computed the relevant anomalous dimension matrix
RG |
scaling ﬁ A well known example: Barbieri et al. 0706.0432
: 21 A
§ = @g(Mmy) = g(A) + ——r =65 log — + ...
’ s(mz) = @s(A) 1682 6% 109 oy
. "2 3 A
P = @r(my) = @r(A) — 1?—6&226}[ og ——+ ...
Mh Ci (M) Z

y v

| In absence of tuning or correlations
¥~~~ each term should be bounded
approximately by the same value.

Direct bound
(from experiment)
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RG-induced bounds

If a weakly constrained coefficient contributes to the RG of a strongly constrained one,
we can put an RG-induced bound on it by assuming absence of tuning/correlations.
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RG-induced bounds

If a weakly constrained coefficient contributes to the RG of a strongly constrained one,
we can put an RG-induced bound on it by assuming absence of tuning/correlations.

For example: S
) N=2TeV *
2 - ]
0 _ 5 — g lA A 20—,¢ ————— )
S =cs(mz) = és(A) + [6&2 ¢ H log o + ... : ///» /, ,
A R A g/2 3. A ”"¢ ,’,
T — T (mz> — T (A) B 16&2 §CH m—Z i i ,/’,’, //’l
1 et i 1
The length of the lines corresponds +—  |Bound from Giitter v g
to the present 20 direct bound: (?jl 1209271{@/ ¢—.7 RG-induced!
) 0 e boundonch |
6 (my,) # [! 0.6,0.5] |
I // -
\eee" -
RG-induced bound: _q ci>0
¢H (mp) € [-0.2,0.05] | ci <0

Higgs Hunting 2014

David Marzocca



10° T

David Marzocca

05
10

-15-

RG-induced bounds

Higgs

2.0
15
1.0
0.5

00

Gfitter

ILC
TLEP

-f‘
-~ -
——

O

From the h—yy constraint: &
!

TGC

2.0
I Gfitter
~ILC
15  t1ep

- ~ i
-
-

e [-0.2,0.3],
e [—0.05,0.10]

Higgs Hunting 2014




Another window on NP

20 cpper Say LHC will measure a deviation in the
- I - Higgs couplings near the present bound
1.5 TLEP
1.0 * Gul> 18" >0,
& 03 but no deviation in S and T is observed:
o | ,
0.0 , low RG
I /// nd !H > !H,(S,T)
-05 .
10 Direct 7 Some amount of tuning in the RG
- measurement — | equation is needed:
_1_52‘ S ]
-1 0 1 2 i" | b |
10° § A = } 0g#(0bS)j |m), # . > (ows RG
' "logg(A) U |

The necessity for such tunings (or correlations) could provide us
useful information on the structure of the UV dynamics
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Another window on NP

For example, in Composite Higgs Models

| IGrloejaln | Matlsledcl)nskylll ParIu(I:o 136é 4655 Say LHC will measure a deviation in the
_ ' Higgs couplings near the present bound

2 - _
i * Gnl> 18" >0,

1L j

ISR but no deviation in S and T is observed:
X L
| l RG
Of ) g > Vs
1l Some amount of tuning in the RG

‘ equation is needed:

H—2HH—1HHOI I1HH2HH3HT A" _ i" |Og#(ObS)j|mhi
Sx10° P " log (M)

. low; RG
# j > Ej /ejl

The necessity for such tunings (or correlations) could provide us
useful information on the structure of the UV dynamics
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Future Prospects .. s

20/ . ] :
| e Higgs 3 Direct bounds, now and future prospects:
1.5; TLEP 1 Obs. Now LHC (300 fb' 1) | HL-LHC (3 ab' 1) ILC TLEP
Lol Os [ 1,2]" 10 3 !° b b 14" 10 41| 5 10 > 18]
o Or [l 1,2]" 10 36 1) 1) 1.6" 10 421 | 31" 10 5[]
0.5 Gyz [l 4,2]" 10 2 7] 3" 10 3 [°] 2" 10 3 [ 1.8" 10 4 [0 n.a.
i?: ' & |[!10,7]" 10 2] 3" 10 2 [°] 1" 10 2 e 1.9" 10 4 [0 n.a.
= 00 o, | ['6,2]" 10 217 9" 10 419 4" 10 4 19 2.6" 10 4 [10] n.a.
' 6, | [l1,2]" 10 38 1" 10 4[4 4" 10 5[4 7.6" 10 5141 | 29" 10 5 41
_ost / 6, |[!610]" 10 38 | 9" 10 4[4 2" 10 4 [14] n.a. n.a.
S - oF [' 6,5]" 10 ! & 1" 10 1 B4 5" 10 2 14 5" 10 204 | 1 10 2 1411
~-10" :
: [6] Gfitter 1209.2716
| [7]LEP EWw.g. 1302.3415 {112]] B ot ol 1310.6708
e T [8] Pomarol, Riva 1308.2803 [13] S. Mishima “talk at 6th TLEP Workshop” 2013
(9] F. Gianotti et. al. hep-ph/0204087 >0 & oot o St s P
[10] ILC 1306.6352 ' ' '
2.01‘ | ‘_ AN o ‘__‘__~§ .
| Ot GC -~ ;] RG-induced bounds, now and future prospects:
,,,,,,, mix. to (S,T) Now ILC TLEP
,,,,,, G 7 —2,6] x 1072 | 2x1072 | 5 x10~3
CH [—2,0.5] x 107 | 7x 1072 | 2 x 1072
Cyz —3,1] x 1072 | 8x 1073 | 3x 1073
Gk —5,2] x 1072 | 9x 1073 | 3x 1073
ol —2,8] x 1072 | 2x1072 | 7x 1073
mix. to @ | Now | LHC | HL-LHC | ILC TLEP
(o} ' 0.2,03] |[2" 10“|7" 103 | 1" 10“ | 5" 10 3
o ['! 0.050.10] | 5" 103 | 2" 10° | 4" 10° | 1" 103
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Summary

- Assuming that the scale of new physics A » v, we study the SM effective theory

- We focus on a set of 10 EW and Higgs observables and the most relevant
operators and compute the relevant anomalous dimension matrix.
- We construct an “observable" basis, and express the RG equations in this basis.

- Assuming absence of tuning and/or correlations in the RG equations, we obtain
RG-induced bounds for weakly constrained coefficients which mix to strongly
constrained coefficients.

- These RG-induced bounds are already stronger or at the same order as the direct
ones.

- Once a deviation from the SM is observed, a violation of the RG-induced bounds
could offer a new window on the UV dynamics.
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Thank you!

Scaling and tuning of EW and Higgs observables

1312.2928
J.Elias-Mir”, S. Gupta, C. Grojean, D. M.

1405.3841
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“Observable” coefficients

EW oblique parameters:

. V2 L m3
T =cr(mw) = gzCr(Mw) S =Cs(Mw) = o5 [Cw (Mw) + 3 (Mw) + 40ws (Mw )]
) ma ) ma
Y =6y (mw) = A—\glczs(mw) : W = ow(mw) = A—\évczw(mw)
Anomalous triple gauge couplings:
Z _ 4 myy 1 A My
091 = Cgz(mw) = — =5 2w (mw), 0Ky = Cey(mw) = 5-4cws (mw )
Ow
2
A m
Az = Cm(mw) _%CSW (mw) 3
Higgs couplings: 50 (#.0)2 h? . .. 5., ed h? . .
" LH $ OH( o ) Q##Z 'Q’u" 'Q’u + Q#ZZ g ’Qlu" Zlu
2 2 my, 2 my, G, 2
V2
O (My) = WCH(mh),
M,
Os(My) = - (Cep(My) + Cww (M) " Cwp(My)) ,
) m¢ . ; ;
Gz(My) = -5 (267 cww(my) " 257 cp(my) ™ (7, " sf, )ows(my))
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Beyond S, T, W, Y

To be completely general on the possible NP scenarios in electroweak precision
observables from LEP1 and LEP2, in our basis one should consider two more

operators:
. # 1,2 @ na 1 2na 2
OL = (iH DyH)(BLIFLL), OL2= (14 "aiH )@ arn2)

The first one contributes to lepton couplings to the Z boson,
the second one to the measurement of the Fermi constant.

Using observables from LEP1 (Z pole) and LEP2 it is possible to constrain the
relevant 6 Wilson coefficients at the per mil level.
This would require a complete fit of LEP observables, which was beyond the

purpose of our work.

The order of magnitude of our RG-induced bound will not change.
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RG-induced bounds

Coupling Direct Constraint RG-mdus:ed —>from S, T
Constraint
es(my) | [!1,2]" 1077 :
éT(mt) 1 1.21" 103 _ Barbieri, Pomarol, Rattazzi, Strumia
L hep-ph/0405040

Oy (my) 1 3,3]" 1077 -

A1 (Mmy) 1 1,2]" 1077 - Pomarol, Riva 1308.2803
6z(my) |[!0.6,1]" 102 1 2,6]" 102

) . 5 : : L LEP EW Working Group
61 (my) [l 10,7]" 10 1 5,2]" 10 1302.3415

Gyz (My) 1 4,2]" 1072 1 3,1]" 102

Gn (M) !16,2]" 10°° 1 2,8]" 1072

64 (My) 1 6,5]" 107! [' 2,0.5]" 107!
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RG mixing

In the observable basis:

N=2TeV t
(051O|_10Y1QN10' 1(").216'! 1%21%' 1q—|) (mt)#

| |
0.9 0003 1003 !'008 !'002 !'002 1004 005 !001L 0001 s Gs (" )$

" 0.03 08 1 0.02 10009 O 0 1 0.03 001 0o ! 0003%:1 6r (" )%
" 0.001 0 Q9 0 0 0O !0.001 Qo001 0 0 f:: oy (" )f
" 0 0 | 0.001 Q8 0 0 0 1 0.003 O 0 %;; S (" )f
w0 0 0 0 Q9 0 0.006 0 002 0 f & (")é
w0 0 0 0 0 09 0.007 0 003 0 fﬁ! & 2 ("
w 0 0 0 0 1002 !002 09 0 !001 0 f w61 (" %
" 0.0004 ! 0.0007 ! 0.0004 01 0 0 100004 Q9 0o ! o.ooovfg " 692(")%
0 0 0 0 0 0 0 0 ® 0 #C’m (")

1 0.02 003 001 | 0.4 0 0 Q02 1 0.3 0 08 & (")
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