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® Introduction

® Which EW processes @LHC offer the best sensitivity to New Physics?
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* Dilepton production (Drell-Yan)
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® Present bounds, EFT validity, prospects.

® Application to neutral-current B-physics anomalies
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Indirect searches of New Physics

Precision measurements of SM processes can allow to test
New Physics at scales not reachable by direct searches.

The SM EFT allows to describe the low-energy effects of heavy New Physics

SM + heavy New Physics

6) (8)

E,my <A £eﬁ:£SM+ZCj§2 O+ 3707 + ...
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Indirect searches of New Physics

Precision measurements of SM processes can allow to test
New Physics at scales not reachable by direct searches.

The SM EFT allows to describe the low-energy effects of heavy New Physics

SM + heavy New Physics

Emy, <A

For example:

LM = Lom +

>

6) |
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- constraint on custodial symmetry violation,
- heavy states coupled to Higgs and/or fermion currents,
- deviations in Higgs couplings to SM gauge bosons,
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Indirect searches of New Physics

Precision measurements of SM processes can allow to test
New Physics at scales not reachable by direct searches.

The SM EFT allows to describe the low-energy effects of heavy New Physics

SM + heavy New Physics —
(6) (8)

E,my <A £eff:£SM+ZC]’\2 O+ 3707 + ...

What are the electroweak processes at the LHC
which offer the best sensitivity
to such heavy New Physics?
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New Physics @ LHC

Excluding direct searches and flavour physics

Two broad strategies for looking for deviations from the SM

Deviations in on-shell* f g’\x/ f L
1) couplings between SM -
particles i Jc&'fm i (5\3 ;

v
i 0
2)

Deviations in the tails of
differential distributions

CFr Apsm / Asm ~ E2

—>:
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New Physics @ LHC

Excluding direct searches and flavour physics

1) Z(W)-pole observables, Higgs couplings,..

m2 _
i o g 5polewo(ng—§) LEP-I: e S107° Zp A =3TeV

At LHC these measurements are limited by systematic (incl. theory)
uncertainties.

Not much room for improvement beyond ~ (few) % level
[few exceptions, e.g. mw |
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New Physics @ LHC

Excluding direct searches and flavour physics

;2) Deviations in the tails of 2 =& 2 processes

2
D ~2 TeV
Otail ~ O (93@) Otail S 1071 I.)_..._ap Az=6TeV
gx~ 1

‘Energy helps accuracy’ [see e.g. Farina et al. 1609.08157]
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New Physics @ LHC

Excluding direct searches and flavour physics

2) Deviations in the tails of 2 =& 2 processes

2
D ~2 TeV
Otail ~ O (QEF) Otail S 1071 p_._..._.p Az=6TeV
gx~ 1

‘Energy helps accuracy’ [see e.g. Farina et al. 1609.08157]

Less precise measurements at high energy can be
competitive with very precise ones at low energy.
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New Physics @ LHC

Excluding direct searches and flavour physics

2) Deviations in the tails of 2 =& 2 processes

2
D ~2 TeV
Otail ~ O (QEF) Otail S 1071 p_._..._.p Az=6TeV
gx~ 1

‘Energy helps accuracy’ [see e.g. Farina et al. 1609.08157]

Less precise measurements at high energy can be
Competltlve with very precise ones at low energy.

= n—— =

| We focus on operators
' whose interfering amplitude with the SM |
grows quadratically with the energy
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Ellis, Sanz 1410.7703;

" " Greljo et al. 1512.06135:
Va I I ty Plehn et al. 1510.03443,1602.05202:;
Contino et al. 1604.06444;
Falkowski et al. 1609.06312:

Any experimental limit in the /\2“
EFT approach will be on the UJ E_z < cgm C ¢ T ‘Spwe.
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Ellis, Sanz 1410.7703;

" " Greljo et al. 1512.06135:
Va I I y Plehn et al. 1510.03443,1602.05202:;
Contino et al. 1604.06444;

Falkowski et al. 1609.06312;

Any experimental limit in the
EFT approach will be on the v
combination

, €

—
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| 2...
C Cgff@('. jc < %f ‘Spsﬂe.

C r</'4u

&

This region is possibly excluded by same

search, but using a ‘direct search’ approach.

> 6,

Bad precision at high energy
could mean that no scenario is

Limit consistent  peing probed consistently with
with EFT

the EFT.

Increasing the precision
enlarges the size of the triangle,
accessing more weakly coupled
models.
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2 — 2 processes at high-pT

In this talk | will focus on:

Dilepton production
at high mr

9 v T A
N

7 v 9 Ny
Constraints on

qqHDyH operators. Constraints on gg@?
four-fermion operators

Diboson (and VH) production

or anomalous triple-gauge couplings
(aTGC)
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Diboson production

9 v The only SM-BSM interference term growing
as E2 is in longitudinal gauge bosons

qq— VL VL (1.e. HH)

=, ! [Azatov et al. 1607.05236, Falkowski et al. 1609.06312,
g \ Franceschini et al 1712.01310]

eg: 0A(qg — WZ) ~ aé?’)E2
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Diboson production

9 v The only SM-BSM interference term growing
as E2 is in longitudinal gauge bosons

qq— VL VL (1.e. HH)

=, ! [Azatov et al. 1607.05236, Falkowski et al. 1609.06312,
g \/ Franceschini et al 1712.01310]

eg: §A(qd — WZ) ~ alP) E?
cy o .- H
A—q(qv q)(H' D, H) 0’

Due to: 3
C

botq ) (Ho® D, H
1z (a7 o ar)( w H) ; Hi
Assuming universal new physics, these correspond
to combinations of alGC and oblique parameters:

2 /12
9

— T 9 (CGW(Sng T W) ) agll) — 39 2 (S o 6I{’Y T ng(sglz o Y)
myy
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Controlling the EFT (1)

Falkowski, Gonzalez-Alonso, Greljo, D.M., Son [1609.06312]
ATLAS+CMS combination

Perform a fit keeping only low-energy 4, :
events (below some cut) |
o 0.1}
| max H |
’ﬂ . X 0.0
We fit a selection of 8 TeV (20fb-1) +13 TeV (3.2fb"1) [
ATLAS and CMS WW and WZ data |
—0.1¢
. | TeV) < oo, 1.4, 1.2, 10,08, 0.6
Fits saturate at myymax ~ 1 TeV: ) AR -
typical energy scale of the measurement. —0.04 -0.02 0.00 0.02 0.04

Jg],z
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Limits and prospects

[Franceschini, Panico, Pomarol, Riva, Wulzer 1712.01310]

Only from the leptonic W/

: ™
10;\\\ \\\ m
¥ X ~ 1‘00
50 \\\ \\ & é)—
- LEP "~ b ”og
T 0 LHC Run 1
> 3 [1609.063\121
= 050 RN
O
S
0.10
005+ " i
14 TeV 300/fb =
| — 14TeV 3/ab TN
02 05 1 2 5
M [TeV]
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Limits and prospects

[Franceschini, Panico, Pomarol, Riva, Wulzer 1712.01310]

Only from the leptonic WZ 10
50
The HL-LHC prospect T
>
corresponds to: 2 050!
0006~ T ——————————— 6@ i
_ T | &
B © 0.10 |
0.004| ?zr g ()_05;
: g L | — 14 TeV 300/fb S~
- S@LEP1 marginalized 3 | — 14TeV 3p@b | | | )
000 0.2 0.5 1 2 5
:_ _ _§_@L_Ef 1%=0 N M [TGV]
< 0.000F gz , 2
| @) - _ 7
I s e ———— a’q mQ ( 9W591 —l_ W)
-0.002 I Composite Higgs w
| Particularly relevant for states with
-0.004 - . .
; strong coupling to SM fermions
(for W= 0) .
ooosl . NN N and Higgs currents.
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006

g7

David Marzocca La Thuile, 01.03.2018



Dilepton production

1 4
N

S,

\Q/
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The new frontier of ‘precision’:
Drell-Yan @ LHC

4 1 0 -——— . .
°[ 2 / W { 7 ! s 0% ATLAS Preliminary ¢ Data %
Y (s=13TeV,36.1fb" E%pr ke 2
’l‘ - = Dielectron Search Selection [ Diboson =
E [ ] Multi-Jet & W+Jets 5
“ . —Z,(3TeV ]
= /l - 7E — 7 (4 ToV) E
q ;, [ 10° —Z,(5TeV) -
102 b =
Parametrisation of the amplitude 10| -
Neglecting chirality-flipping terms (Yukawa suppressed) 1%— E;
. 10 E;
[Greljo, D.M. 1704.09015] 10_25 [ATLAS- CONF-2017-027] W
o . y L 5 E o o
A (qp, G, = gp/ gp/ )=1i Z Z (@7v"q") (byul) Fye(p~) 100 200 300 1000 2000
1 £2 ar.qr f; Ur Dielectron Invariant Mass [GeV]
2 q 1 gt ' ' '
Fou(p?) = 5/ € Q,0; L s glgl N & ﬂ Local |r_1teract|ons, ..
q P2 p? —mi+imgl; = V2 4-fermion operators.
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The new frontier of ‘precision
Drell-Yan @ LHC

{ 1 s N —
°’ 2 / W { 7 ! s 0% ATLAS Preliminary ¢ Data %
Y (s=13TeV,36.1fb" E %pr ke 2
’l‘ . = Dielectron Search Selection [ Diboson -
E [ ] Multi-Jet & W+Jets =
~ 4 LN Z. (3TeV _|
- /l - 7E —ZXE4 Tgv; E
q ;, [ 10° — 7, (5TeV) -
102 | =
Parametrisation of the amplitude 10 =
Neglecting chirality-flipping terms (Yukawa suppressed) 1%— E;
. 10" E;
[Greljo, D.M. 1704.09015] 10_25 [ATLAS- CONF-2017-027] =
] _ + —_ 2 ? 1 1 1 T S S | 1 1
4 (Q}lqu %5 € =1 Z Z ) (£yul) Fye(p~) 100 200 300 1000 2000
qr1.,9R nggR Dielectron Invariant Mass [GeV]
2 q 0 gt - - -
Foo(p?) = 5ii € 0,0y Y 87,8 N & ﬁ Local interactions, i.e.
q P2 p2 —mz+lszz 12 4-fermion operators

do  (do Y0 -ZLaa(T, Hl'f)quw(TSO)\2
Convolute with parton lumi; = | — = ( ) X —&
7 M 4t ) s LqrZag (o 1r) [ (w50)

T=mj, /so
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L epton Flavour Universality ratio

Differential LFU ratio
doyy ,doyg, B Zq,u qu‘(mgf/smHF)‘Fqu(m%E)yz

dmy " dmg Y0 Lag(m?/s0, 1r)|Fye(m32,)|?

R/,L+u_/e+e_ (mff)

[Greljo, D.M. 1704.09015]

[y e ep o pt) [do (pp o eten), s =13 TV QCD and EW corrections are
o (4 TeV) (027" 02) (L2 Yal.o) 1 flavour universal: such ratios will
L2t reduce theory uncertainties in the
LI ATV 2@y O Eaval) ° SM prediction.
\Y) - .
'S 1.0f I
+:: I SM
a2 0.9F ]
0.8f -0 TeV) 2@ 02yl ] Tests of LFU are strongly
O : motivated by the
500 1000 1500 2000 2500 3000 3500 4000

B-physics anomalies.
m ¢+ - |GeV]

David Marzocca La Thuile, 01.03.2018



| EP-2 #F data

The Z (or y) is off-shell

Z/y

et f e’ f

See [Falkowski et al. 1511.07434] for

This bounds four-fermion operators global fit of 4-lepton operators

Assuming “universality” (i.e. only Z,W propagators are affected)

universal form factor (£) contact operator (L) W and Y parameters of
a %W @
W — o (D, W)’ — oz L LG [Barbieri et al. hep-ph/0405040]
Y 2 97 Y ..
Y — 55 (9, B “ang, e < 103 precision from LEP
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Assuming Universality

[Farina, Panico, Pappadopulo, Ruderman, Torre, Wulzer 1609.08157]

All 4-fermion operators aligned with the W and B currents:

2 2
92 W g a g p g1 Y "
2 L La 2 Jy ,Jy
2ms,, H 2m7y, M
15[ o
| Y Srevosm]  Limits from LHC are already
1of | oot 1o s | competitive/better than those from
| - | LEP and will improve even more with
| R more data.
I WIS
!
T o |_p Ppp—tv hasalso potential to
- -l | H :
e e ; provide strong bounds!
-15 -10 -5 0 5 10 15
Wx10%

David Marzocca La Thuile, 01.03.2018



Limits on 36 4-fermion operators

[Greljo, D.M. 1704.09015]

Limits in the Warsaw basis, shown here one operator at a time.
We have the complete Likelihood function and checked: no sizable correlations
since different operators do not interfere (different flavours and chirality).

ATLAS 36.1 fb!

3000 fb~!

QZLI

SRER

CRER

[-0.0, 1.75] <1073
[-8.92, -0.54] x10~*
[-0.19, 1.92] x 1073
[0.15, 2.06] x1073
[-0.40, 1.37] x1073

[-2.1, 1.04] x1073
[-2.55, 0.46] x1073
[-6.62, 4.36] <1073
[-8.24, 2.05] x1073
[-4.67, 6.34] x1073

[-7.4,5.9] x1073
[-8.17, 5.06] x1073
[-0.83, 1.13] x1072
[-0.67, 1.27] x1072
[-1.93,1.19] x1072
[-1.47,1.67] x10~2
[-1.65, 1.49] x 1072
[-1.73, 1.40] x 1072

David Marzocca

[-1.01, 1.13] x10~*
[-3.99, 3.93] x107
[-1.56, 1.92] x10~*
[-7.89, 8.23] x107
[-1.8,2.85] x10~*
[-7.59, 4.23] x10~4
[-3.37,2.59] x10~%
[-3.31,1.92] x1073
[-8.87, 7.90] x10~*
[-2.11, 3.30] x1073
[-3.96, 2.8] x1073
[-3.82,2.13] x1073
[-3.74, 5.77] x1073
[-2.59, 4.17] x1073
[-8.62, 4.82] x1073
[-7.29, 8.99] x10~3
[-8.86, 7.48] x 1073
[-9.38, 6.63] x1073

G ATLAS 36.1 fb~! 3000 fb~!
C(QRLz [-5.73, 14.2] x10~* | [-1.30,1.51] x10~4
C(Q31)L2 [-7.11,2.84] x10~* | [-5.25,5.25] x10~°
C,r2 | [-0.84,1.61] x107° | [-2.00,2.66] x10~*
Cupup | [:0.52,1.36] 1073 | [-1.04, 1.08] x10~*
Cotpye | [-0.82,1.27] x1077 | [-2.25,4.10] x10~*
Chorz | [2.13,1.61]1 x107% | [-8.98,5.11] x10~*
Capup | [-231,1.34] x1073 | [-4.89,3.33] x10~*
cgng [-8.84,7.35] x10~3 | [-3.83,2.39] x103
C(Q32)L2 [-9.75,5.56] x10~3 | [-1.43,1.15] x103
Corpp | [-7.53,8.67] x107° | [-2.58,3.73] x107°
Cyr2 | [-1.04,093] x107% | [-4.42,3.33] x107°
Copup | [-1.09,0.87] x107% | [-4.67,2.73] x1073
C.r2 | [133,152] x107 | [-4.58,6.54] x107°
Cerpir [-1.21,1.62] x1072 | [-3.48,6.32] x1073
Cpr2 | [-261,2.07] x107> | [-11.1,6.33] x107°
Chy g [-2.28,2.42] x107% | [-8.53,10.0] x1073
Cpr2 [-2.41,2.29] x1072 | [-9.90, 8.68] x1073
Copup | [-2:47,2.231 x1072 | [-10.5,7.97] x1073
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Limits on 36 4-fermion operators

[Greljo, D.M. 1704.09015]

Limits in the Warsaw basis, shown here one operator at a time.
We have the complete Likelihood function and checked: no sizable correlations

since different oper=tars f , lity).
| -3 -2 ' QT
¢ | smassint  ~ 103-102 precision now
cln | 1:0.0, 1751 x1073 |
C<Q31>L1 [-8.92, -0.54] x10~* 93 'U'z Gy=1
C, 1 | [:0.19,1.92] x1073 _ J¥ H 8 T \/
CMZeR [0.15, 2.06] x1073 (- —s = 2 ¢
Cole, | [-0.40,1.37] x1077
Cuorl [-2.1,1.04] x1077
Ciper [-2.55,0.46] x1073
C(Q12>L1 [-6.62, 4.36] x1073 ]
¢, | 8.24,2.05] x10°° a 5-10 -fold improvement
Cpe, [-4.67, 6.34] x1073 |
Ci;: [-7.4,5.9] x1073 L at HL-LHC
Cover | [-8.17,5.06] x1073 | [-3.82,2.13] x1073 Corup | [-1.09,0.87] x1072 | [-4.67,2.73] X102
Cepr! [-0.83, 1.13] x1072 [-3.74,5.77] x1073 Cerl? [-1.33, 1.52] x102 [-4.58, 6.54] x107°
Cerer | [067,1271 x1072 | [-2.59,4.17] x1073 Ceppp | [-1.21,1.62] X107 | [-3.48,6.32] x107?
Cyopt | [-1.93,1.19] x1072 | [-8.62,4.82] x1073 Cpr2 | [-261,207] x107% | [-11.1,6.33] 1077
Cpen | [-1.47,1.67] x1072 | [-7.29,8.99] x10~3 Coue | [-2.28,2.42] x107% | [-8.53,10.0] x107° 2
Cpr! [-1.65,1.49] x1072 | [-8.86,7.48] x10~3 Chrr2 [-2.41,2.29] x107> | [-9.90, 8.68] x 1077 Cx — ch
Chper [-1.73, 1.40] x1072 [-9.38, 6.63] x1073 Chrug [-2.47,2.23] x102 [-10.5,7.97] x10~3
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Controlling the EFT (1)

[Farina, Panico, Pappadopulo, Ruderman, Torre, Wulzer 1609.08157]

How do the limits vary when using only events with MMyy < Acut

pp = "I
3: 1 1 1
107 E =1 | Derivative expansion
- N breakdown
3L
m -
o
D 0_
>t. 10 -
= N
[ 10°W 10°Y ;
1o-1| dotted: 8TeV, 20fb~" '——1__‘;:—_ ________ ~
- solid: 13Tev, 0.3ab°" TTTTOoo E
.| dashed: 13TeV, 3ab™

;3 1 1 1 1 1 |1 IO3 1 ;3
/\CU’[ in GeV

Limits saturate at Acut ~ 2-3 TeV at 13TeV.
(more luminosity = more events at high energy)
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Application to B anomalies

Altmannshofer, Stangl, Straub 2017; etc....

Cbs ,u,

—0.5 A

—— LFU observables

Required EFT operator

(bryusr)(Bry"pr) + h.c.

Chsy = thVt*AC“ ~ 9.3 x 107°ACY

----- b — suu global fit {
|
— all

=

J
1.0 : |
flavio vo.21 ——-all, fivefold non-FF hadr. uncert. ‘ A ( 'u ﬁ ( ' O 6 1 ]
| —_— o _
—2.0 —-1.5 —-1.0 —-0.5 0.0 0.5 1.0 1.5 t 9 10
Re CY _

-0.12

The result of the fit is compatible
with the observed anomaly in P’s.

David Marzocca La Thuile, 01.03.2018

This is a ‘measurement’ of non-zero Chgy.



Application to B anomalies

Altmannshofer, Stangl, Straub 2017; etc....

Required EFT operator
Cbs,u,

(bryusr)(Bry"pr) + h.c.

Chsy = thVt*AC“ ~ 9.3 x 107°ACY

—0.5 A

|- 1 /
I,’l // ," /
L 7
T Y Sy, 4
A I - /% -
' B N 7 5 e KN
— —— LFU observables G T e —  — e .
-==-= b — suu global fit {
|
— all .
~1.0 - . |
flavio vo.21 ——-all, fivefold non-FF hadr. uncert. i ﬁ ( 'u 3 C O 61 1 O 12
| - ° JR °
T T T T T T
—2.0 —-1.5 —-1.0 —-0.5 0.0 0.5 1.0 1.5 9 10
Re CY _

The result of the fit is compatible

with the observed anomaly in P, 1HiS is @ ‘measurement’ of non-zero Chsu.

In the SM EFT at the EW scale:

o - -

ch (Q%7,0°QL ) (L “UG’LB%LCS (Q% Q) (L3 LY

—— — =
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Flavor in dimuon tails”

The present (future) direct bound ACoH] :|
on ACg! from ATLAS dimuon search

< 100 (39)

No sensitivity.

Cbs
u
aVi Vi

\Q/

David Marzocca La Thuile, 01.03.2018



: : . 1 A
Flavor in dimuon tails? o
9 L

< 100 (39)

No sensitivity.

The present (future) direct bound IACoM :| " —Chsy
on ACg+ from ATLAS dimuon search aVinV,

LS

In a complete flavour model, such a flavour-violating operator will
be related to the tlavour-conserving ones:

op cbr
L5 ;ﬁ (ﬂlL?’u“i)(ﬁL?’“uL)Jr;—é(dlﬂudi)(ﬁw“m)

Couu 0 O Ciw O O
vu H Du : *
Cij = 0 Cp O |, Cij = 0 Cyy Chsu

0 0 Cy 0 Chsu Cop

This structure is predicted in a given model.

Al = Cpgy /Cqu — ~ fixed in a model,
~ Vis In MFV

David Marzocca La Thuile, 01.03.2018




: : . 1 A
Flavor in dimuon tails? o
9 L

< 100 (39)

No sensitivity.

The present (future) direct bound e :| T G
on ACg+ from ATLAS dimuon search oVip Vi

In a complete flavour model, such a flavour-violating operator will
be related to the tlavour-conserving ones:

0.020F

Uk DM 0.010
L ;ﬁ (ity Yy ) (ALY pr) + ;—é(CZILYudi)(ﬁLY“HL) 00057 |
0.002r ] | Cpu| ~1.4x 1073
Couu 0 O Cqu 0 O Cqy 0.001: | S :
Ci'=[ 0cyu 0 |, CF=| 0 Cu C, 5x107 &
0 0 Gy 0 Cosu Cop 2x1074
1x107*" l
Ve 0N
This structure is predicted in a given model. 001002 0‘0;0'100‘20 020100
bs
q _ ~ fixed i |
Ap. = Cpsu /Cqu — ~ fixed in a model, We might test the

~ Vis In MFV flavour-diagonal ones.
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Minimal Flavour Violation

Assumption: The only breaking of the SU(3)°
flavour symmetry is via the SM Yukawas. g’

Cou 0 0 Cau 0 0O Co—Coi —Cr =
u D * : W du — Lsu —LYpu — LD
Cij‘u — ( O CC[.L 0 ) , Cl-j'u = ( O CS[,L CbS[.L —— 3 u ,LL au’ :u
0 0 Gy 0 GCpsu Cpy

1 Cosu| ~ [VinV;iy7 Coul

\

We get a prediction for Cp,
(which is tested by LHC)

|Cpy| ~1.4x 1073

David Marzocca La Thuile, 01.03.2018



Minimal Flavour Violation

Assumption: The only breaking of the SU(3)°
flavour symmetry is via the SM Yukawas. |

Cou 0 O Cap 0 O
Cl=| 0cCu 0 |, = 0 Cyu Gy,

1 Cosu| ~ [VinV;iy7 Coul

\

MFV case — 95% CL limits

|||||||||||||||||||||||||||||||||||

We get a prediction for Cp,
(which is tested by LHC)

Triplet‘\‘

|Cpy| ~1.4x 1073

qquu operators with valence quarks
are tested better than per-mille level.

The MFV solution is already in
strong tension with LHC

David Marzocca La Thuile, 01.03.2018



Compare to explicit model

Model with a spin-1 singlet: Z'

|
2* 2 %& % . ﬁ
2
M, : e
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Compare to explicit model

Model with a spin-1 singlet: Z'

9*2 4 C i
e ,—

95% CL limits on MFV Z' from p p - u I’

1.4 ATLAS 13 TeV, 36.1 fb‘l
1.2} .
; Such an explanation of the
or o AR _ anomalies is
I e : excluded for any mass.
0.6:- ,,,,,,,,, .
Ry EFT limit :
0.2F fF% f .
' Limit in the model For Mz = 4-5 TeV the EFT expansion
0.0F—— - - - -
2000 4000 6000 8000 10000 is OK (still weak coupling).

My [GCV]
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Compare to explicit model

Model with a spin-1 singlet: Z'
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95% CL limits on MFV Z' from p p - u I’

1.4} ATLAS 13 TeV, 361fb‘l
1ol i Limit from
- on-shell production Such an explanation of the
lop searches | SRS anomalies is
WU excluded for any mass.

06f AT

04 EFT limit

0.2F ]

: Limit in the model ] For Mz = 4-5 TeV the EFT expansion

OO0 2000 6000 8000 10000 is OK (still weak coupling).
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Conclusions

- LHC measurements of high-pr tails of 2 = 2 processes offer strong

probes of new physics,
complementing (and often surpassing) limits derived from LEP.

- Care must be taken to understand the typical energy scale of the
experiment and making sure that, at the interpretation level,

yiX exp K ANP

- This allows us to probe mass scales often higher than the reach of
direct searches.

- The limits are already relevant for models addressing B-anomalies.

Thank you!
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Backup
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SMEFT contributions

We study BSM effects in the SMEFT (for the moment at LO).
Dimension-6 operators can contribute in many ways:

BAED D

The only physical (basis indep.) quantity is the total on-shell amplitude

| take Z(W)-pole bounds and approximate:
fix those SMEFT directions as SM-like.

Note that this is a basis-independent statement.
Indeed, in our work we use both SILH and Warsaw bases.
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SMEFT contributions

After imposing Z(W)-pole limits, Three unconstrained combinations of
SMEFT coefficients contribute to the process:

1= wgw g + wep — [werliaor + 2wy I + 2[@052)]22)

091 :_UQ 91 + 9y < Iy
Warsaw ’ A? 4(g7 — gv)

gL

basis: 5. _ Vo \ :_v_2§gw

Yy AQQY quB) < A22 LYWW

2 2 2 2 2 2

_ 99y |91 9y . ; T G

SILH 991 = g%_g%[ gi  CHW Tow Tt ow T gCe T y 0B QCT] note that here
IS: _ _ _ _ My

basis 0Ky = —CHW — CHB , A = —697Cw , G~ a2 G

Falkowski, Gonzalez-Alonso, Greljo, D.M., Son JHEP [1609.06312]

Not only 3 operators contribute to diboson production, but
the independent, unconstrained, combinations are 3 (in any basis).

= ——— _

Let us call them:
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Applications & Validity

Model with a vector triplet + singlet.
No vertex corrections, at low energy

2
2 My
591’2_ ,{H252m2
7l V4

—  EFT Limits (no high-E cut)
from CMS WW @ 8TeV.

P Limits directly from the model
(different benchmarks points
with same low energy EFT)

1) For My = 3TeV the EFT approximates well the model.
2) For lower masses, the EFT gives conservative bounds (in this case).
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Universal Scenario

l.e. oblique corrections

affects only gauge boson
self-energies

NN ) 2 o) + it 0+ g+

(Vu(—q) Vi (q)) o< ITyv(g?)

Assuming that New Physics is “universal" —

[Altarelli and Barbieri 91, Peskin and Takeuchi 92, 200 Gritter e |
Barbieri et al. hep-ph/0405040] f 95% CL .= /
1.5* ,¢’¢ /’
Atdim-6 in SM EFT only these are generated: =~ 7~
—5 — ; - g //,z
g5 = WsB (0) &~ 05 ~ g
2312 P S :
g MWT o HWSWS (O) o HW+W_ (O) - 00! //, //'
., B |
29 My Y = II'55(0) 05 -
207 My W = Ty, (0) ol
) - ) -~ 103 precision
S =4s3,S/a~ 1195, T =T/a ~ 129T =15
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