BSM Primary Effects

Francesco Riva (EPFL - Lausanne)

In Collaboration with:
Pomarol, Gupta, Liu, Falkowski, Sanz, Masso, Espinosa, Elias-Miro, Biekotter, Knochel, Krame
(1308.2803 ,1308.1879, 1405.0181, 1406.7320, XXX)




"

.r:"

N
" l'.
>
R
J
et
’
v .
e
e o
- .
- J SAo

.
1N
A
A
- d X
o
' N
i | vy
\'\
N ny
S HITUNN R
AN\
l. ) 'I‘ ~
" .,.',..' }
»H



.
~

s e ioCRa

I



Motivation

Searches for New Physics

t
%
%
o
-]
¢




Expansion

es b
o)

Motivation




Expansion

1 1) No direct findings: M
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- Expansion in D, /A




Motivation

™ 2) Higgs is excitation
={ around EWSB vacuum i 09

19.7fb" (8 TeV) + 5.1 16" (7 TeV) |

v + h
“* Expansion in (@f

@/@ e g |
v E Some BSM coupling (necessary, since fields have different ‘- .
1) b / i _weight in /1 than derivatives) ____ e.g. CohenKaplanNelsor97 §
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Mo’riva’rion

3) Flavor Violation tightly constrained
(K — K = A > 10°GeV)
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Motivation

A D, ¢:H g:fi,r 9Fu ‘
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- Parameters: 19 - Parameters: 76
- Accidental relations - Accidental relations ?
(due to d=4 Lagrangian) e.g. Ozff = Owyy
€.g- mw = my cos Oy e dgdReN e 09 " 497”7
e 95m  265.,95m 295 9%
Inff = Mg /v

@ These relations are all is needed fo disentangle
linear vs. non-linear STH2)

@ They represent the leading BSM effects: crucial to design
future experiments



Motivation
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(due to d=4 N e.g. 5fo Eois 5Wff’
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ghff i mf/v SM Oy JSM SM 9dsm

@ These relations are all is needed fo disentangle
linear vs. non-linear STH2)

@ They represent the leading BSM effects: crucial to design
future experiments



PART 1
17 BSM Parameters
(related to LEP and LHC Runl)

Notice: all Wilson coefficients evaluated at yu~mw



Parameters for BSM: Higgs-only

2
Oce = %|H[2GA,GAw

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

SM paramefters! Observable only in Higgs physics!
1 py | H|? v 1 v’ w3 %Y Y
GG + T GG = 5+ 5 ) GG + hygGuuGH +.



Parameters for BSM: Higgs-only

Is=7TeV.L<S5.1fb ' \s=8TeV.L< 196"

CMS Preliminary

2
: (V)
O = |H|*(DuH)' (D" H) o e milteg
Oy, = yalH*QrLHdR ' |
Oy, = ye|H|2l_;L}IeR

e o~

Oy, = yu|H|?QrHug

2
Oce = %|H[2GA,GAw

12
Opp = L-|H|?B,, B*

2
Oww = & |H W2, W




Parameters for BSM: Higgs-only

Is=7TeV.L<S5.1fb ' \s=8TeV.L< 196"

CMS Preliminary

O, = |H|*(D,H)'(D*H) ' ...... ki ~ 1+ civ—z
Oy, = ya|H|*QLHdR : /
Oy, = ye|H[?LLHep
Oy, = yulH?QLHug
Ogc = glel?Gf}uGA“"

12
Opp = L-|H|?B,, B*

2
Oww = % |HI*Wg, W

Leoeedoseebossatornadoreadosrenasnnssenaloneatoseed
VOO 1 1D 2293 3D 4 4D O
parameter value




Parameters for BSM: Higgs+EW

O, = |H(D,H)'(D*H) Ows = “ (H'o"H)W, B

Oy, = ya|H[*QLHdpR

Oy, = ye|H[?LLHep

Oy, = yu|H[>QrHug
Oce = % |HPGA,GAw
Onn = 4 H BB
Oww = % |H* Wy, W
O = N\ H]|S O, = (iH-lS:;H)(I/L’}”‘LL.)

0P = (iH'0°D, H)(L 0% Ly)




Parameters for BSM: Higgs+EW.

(see Adams talk)

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

7 jof these operators modify: |

Vv Zeper Lerer

Zurnur, ZUupup ZCZLdL ZCZRdR

Op = (iHT D H)(LL’}"LJ)
0P = (iH'0°D, H)(L 0% Ly)

Constrained by LEP1* ~1/1000!

*= if &, Mz, Mw are used as input parameters, no other dim-6 operators affect LEP1 measurements!



Parameters for BSM: Higgs+EW

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

7 iof these operators modify:
Vv Jerer Jerer

Zurnur, ZUupup ZCZLdL ZCZRdR

Constrained by LEP1* ~1/1000!

see Adams talk)

— (ZH-D#H) (ZL’}(#LL')

Impact of these operators in H-physics is irrelevant

*= if &, Mz, Mw are used as input parameters, no other dim-6 operators affect LEP1 measurements!



Parameters for BSM: Higgs+EW.

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

geap WY W, WePH

(2)of these modify TGCs: 9, k. )

(see Adams talk)

: OWB — 4 ( HT a H)Wa B;u/ |

= (iHTUapr)(QLUQ'YﬂQL) | :
(z'H'b’ H)(Lir' Ly )




Parameters for BSM: Higgs+EW.

(see Adams talk)

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

Ovy= ¢ ( HT a H ) Wa B‘“’ .

LEP2(ee->WW)
constrained™ ~5/100

(LH oD H)(LLU“" “L,)

We can include these 2 combinations in H physms sfudles
(but recall connection with TGC!)

*= Non-Higgs operator ge,, VYW, Werk can interfere with extraction of bounds
(see backup slides)



Small Summary: Parameters

Owp = % (H'o"H)W?, B
O, = |H*(D,H)(D*H)
Oyd - ycl|11|2QL[1dR

O% = (iH' D, H)(ipy ug)
O(}f = (iH?DuH)(dR’}'#dh’.)

2 ¢

Ogc = %4 |H]*G4, G4
12

Opp = %|H|QB,“,B‘“’

OWW’ Sy .‘%4_2_|H|2w»a W anv

Iz

Of = (iH'D,H)(Qry"QL)
0P = (iH'0"D,H)(QLo*1* QL)

0= (H'D )LL) |

-

0P = (iH'o*D, H)(L,o*y"L;)

1
Rv,Rb, Kty Kty KRGy Ry~yy RZ~ 5 Bp3 gz, R~

097eL,09ZeR,09Z1,00ZuL,092dL, 09ZuRs 09ZdR

Might as well use these as parameters, to keep
relations between observables manifest!
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Higgs-physics for Run2

Parametrization for off-shell Higgs physics as expansion in E,
valid for linear/non-linear...

h
Lh E— 59VVU hV V —|—I4,VV VIL“/V/“LV —|—5g




Higgs-physics for Run?2

Parametrization for off-shell Higgs physics as expansion in E,
valid for linear/non-linear...

h
Lh E— 59VVU hV V —|—va VIL“/V’LLV —|—5g

Grows with E
Generally not valid at E>M



Higgs-physics for Run2

Parametrization for off-shell Higgs physics:

h B
Lh e 59?}‘/?) hVMV’u —|—,<,VV;VMVVNV _|_5g(b/_f_ qufy,uf

R \ A

1
kv, Rb, R+, Rty KRG, K’y’ya ’foy, Rp3 97, K~

09ZeL,00Ze¢R,09Z1,092uL,09ZdL,09ZuRs 09ZdR

VA
qrv
—L— (8gby) + 097’y — bkyg?v)
mycs.

2
(_6’4"7' o RZ’Yczol‘V o 2'{"7'769142) ’
Ow

b2 = —2eQqtolykizs Other Higgs Processes




BSM Relations for Run 2

h S Zfforh=>WEf

Kelatea wiin 277 courlings

Related with Triple Gauge Coupling
Related with h — Z~, vy
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BSM Relations for Run 2

h S Zfforh=>WEf

Kelarea wiin .
Related with Triple Gauge Coupling

Related wiig
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BSM Relations at Run 1

> Off-Shell V Integrated Decay Width already sensitive
® My #F my to p-dependence of hVV coupling
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BSM Relations at Run 1

> Off-Shell V Integrated Decay Width already sensitive
® My #F my to p-dependence of hVV coupling




Higgs physics at I-Ilgh Momen’rum?

Ly =0gyy0hV,VF +ryy— VWV“’/ -8g :=Vufr" f

Higgs physics at LHC can compete with TGC at LEP




Higgs physms a’ergh Momem‘um?
vV — VWVW--(Sg m“f

grow with Energy!

compete with TGC at LEP

However:

Only operators that allow a (strong)
coupling can be studied in regime



Conclusions

@ EFT: consistent framework to search for leading BSM effects

Results must satisfy EF <A v <
(not always true, at present)

@ Parametrization of BSM for Higgs physics:

{09ze1,092¢Rr,0921,092uL,092dL,09ZuR,09ZdR }

P (o)

8 {’%97 Reyy RV Rty Ry Ry R Z~, ’%h?’}




Conclusions

@ EFT: consistent framework to search for leading BSM effects

Results must satisfy EF <A v <
(not always true, at present)

@ Parametrization of BSM for Higgs physics:

{09ze1,092¢Rr,0921,092uL,092dL,09ZuR,09ZdR }

P (o)

8 {’%97 Reyy RV Rty Ry Ry R Z~, ’%h?’}

Basis independent relations between EW and Higgs observables
These relation are the key to disentangle linear/non-linear Higgs



LEP?2

2 Parameter fit 3 Parameter fit

i»l’-;lrnrln‘vivr \r 68% C.L. 95% C.L. { Correlations

g7 T 10047505 [ [+0.954, +1.050] [ 1.00 +0.11 |
0.984*00: | [+0.894, +1.084] [ +0.11  1.00

0.049

LEP2 - Combined




LEP?2

2 Parameter fit 3 Parameter fit

| Parameter |  68% C.L. | 95% C.L.

| Correlations 'Parameter! 68% C.L. ’ 95% C.L. l Correlations
1.00475-023 l [+0.954, +1.050] [ 1.00 +0.11 |

: | Ag# A AK
[+0.894, +1.084] | +0.11  1.00 s N B e Ve BB

0.984%5 549

| Ag? [—0.06072%3 | —0.118, +0.002]| 1.0 —0.55 —0.41]
0.038F0035 | [-0.027, +0.099]|—-0.55 1.0 —0.04
0.077150% | [=0.050, +0.218]|—0.41 —0.04  1.0|
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Paramefers =S Relahons

- Mass eigenstate basis - Gauge invariance manifest
- 1 to 1 with best experiments - Physics unclear
- No theoretical correlation - Large theo. correlations

(orthogonal to other experiments)

~ P 2% ca)
> o(ee — W_W+)

Oy — (11'0 D* //) DY

v

Op =% (H'DVH) 0"B,,

BR(h 3o Zﬁ/) Opp = ¢"%|H|?B,, B*




Parameters -> Relations

“Sr'm'ai"' { Usual Operator {
{Parametrization § iParametrization }

- Mass eigenstate basis - Gauge invariance manifest

- 1 to 1 with best experiments - Physics unclear
- No theoretical correlation - Large theo. correlations

(orthogonal to other experiments) ~ @7d W couplings
. related also at dim-6

. (and related to hVff from h=F\+v)
[Z“éLfyﬂeL — ﬂ(W+“17L’}’”6L 4 h.c.)]

V2
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