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Motivation

< The SM is in very good shape... barring a few anomalies.
[cf. Kogler's talk] [cf. Fuentes-Martin's talk]

< Different extractions of (e.g.) the weak angle in good agreement;
— Impressive, but what's the UV meaning?

After quite some work, one
can answer this question
for a specific model




Standard Model EFT

' >\,V\‘fw< > ...... < ~ 10 TeV NP £:£(¢, ¢A)
S 'l s i

‘ >‘w""< >< e = Lepr. = Lsm + % Zai O;
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o: Wilson coefficients (UV physics)
59 dim-6 operators

[Buchmuller & Wyler'1986, 1eung et al.’1986,
Gradkowksi et al., 2010]
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Standard Model EFT

X
| >\,V\‘fw< > ...... < ~ 10 Tev NP o £(¢’ ¢A) ‘. 
L s s x *
‘ >VV\\I’W< >< ~1TeV SM »Ceff. = ESM + % Zai O;
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o: Wilson coefficients (UV physics)
59 dim-6 operators

iC [Buchmuller & Wyler'1986, 1eung et al.’1986,
>< - \/g eVu(l = ¥5)ve - Duy* (1 — 51 Gradkowksi et al., 2010]

Wilson coefficient
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Standard Model EFT

>\,V\‘fw< > ...... <~10TeV NP £:£(¢’¢A)
. a2 . 1

‘ >‘w""< >< e = Lepr. = Lsm + % Zai O;

< Efficiency: Analysis (bkg, PDFs, FF, simulations, ...) done once and for all!
(Correlated) _ )
Data » bounds on the EFT » Mafchlng with a NO)
Wilson Coefficients specific NP model ;2 = fi (gNP, MNP)
oo RGE!

LS




Standard Model EFT

>\,V\‘fw< > ...... <~10TeV NP £:£(¢’¢A)
. i a2 .

‘ >‘w""< >< e = Lepr. = Lsm + % Zai O;

< Efficiency: Analysis (bkg, PDFs, FF, simulations, ...) done once and for all!

(Correlated) _ )
Data » bounds on the EFT » MafChmg with a NO)
Wilson Coefficients specific NP model ;2 = fi (gNP, MNP)
RGE!

o Useful especially if... &

< Global analysis
< Final likelihood public
< Avoid additional assumptions




EW precision observables (EWPO) in the SMEFT

# Precedent: flavor universal [Han-Skiba'05], non global [de Blas-Chala-Santiago'13], ...

# New: Flavor-general case! [Efrati, Falkowski & Soreq'15;
Falkowski & Mimouni'15;

Falkowski, MGA & Mimouni'17]

Flavorful SMEFT

R anomalies
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EWPO ﬁt in the ‘ﬂ“\’(”"‘f“’- SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

% 264 experimental input
* Z- & W-pole data

Observable | Experimental value | Ref. | SM prediction Definition
W [e+e'—)l+l', qq] Tz [GeV] 2.4952 £0.0023 | [47] 2.4950 2 L(Z = ff)
Ohaa [b] | 41.541+0.037 | [47] 41.484 Lo Tz oeTe JTZoa0)
* Low—energy Processes: R, 20.804 % 0.050 ] 20.743 P
5, 7=
R, 20.785 + 0.033 1 20.743 D
# Nuclear and hadron decays (d—ulv) o ot toon (@ | 2075 i
. . A% 0.0145 £ 0.0025 | [47] 0.0163 Y
# Neutrino Scattel'lng A%E 0.0169 + 0.0013 0.0163 SAA,
. . . A% 0.0188 & 0.0017 0.0163 SAA,
#H
» PV in atoms and in scattering e | 0216202000066 | [47] | 021578 mic=om
. 7=
Py R, 0.1721+0.0030 | [47] |  0.17226 e
Leptonlc tau decays ATB 0.0992 + 0.0016 0.1032 544,
AFB 0.0707 £ 0.0035 0.0738 2AA,
A, 0.1516 £0.0021 | [47] |  0.1472 [Zoee)) T Sepen)
Class Observable Exp. value Class Observable Exp. value A, 0.142£0.015 | [47] 0.1472 —“Z““E(“ZQ‘MTMZ,T‘E“E’
Veleq Rvor. 041(14) A 0136+£0.015 | 47| oz | T Tomm)
Vs B Vl»te _ T _—)'r T _
(91)” 0.3005(28) UoU ee Irv 0.040(15) A, 0.1498£0.0049 | [47] |  0.1472 Mo ) e
Viy2 whp =
o (97) 0.0329(30) g?f —0.507(14) A, 0.1439 £ 0.0043 | [47] 0.1472 %ﬁf?@
o 2.500(35) T(Z—b1br)-L(Z—bgb
L — — — » 0190(2 Ay 0.923+0.020 | [47] 0.935 T atal
Or 4562057 ee —ee JAv 0. (27) A, 0.670£0.027 | [47] 0.668 e
dily + 20y 0489(5) 1.58(57) 4, 0.895+0.091 | [48] 0.935 TZ=rer 3] -T Seria]
— 25, — g% —0.708(16) vy = vt ﬁ Ry 0.166 +0.009 | [45] 0.1724 %
| et —0.184(6%) 0.82(28)
., —0.042(57) 9 9 Observable | Experimental value | Ref. | SM prediction Definition
sa-ait | 07 Gz, /G% 1.0029(46) mw [GeV] | 80385+0015 | [50 80.364 L (1+0m)
: T = lvv Ty [GeV] 2.085 £ 0.042 45 2.091 S T(W = ff)
PV lowE | bsps(A = 0.81) | —147(42)-10~* G2,/G3 0.981(18) -
ow : : Tul I F : Br(W — ev) | 0.1071+0.0016 | [51] 0.1083 %
Lqq oo\ = _ 104
1t b&,p&,(Ad; 0.66) | —1.74(81) - 10 do(ee) Br(W — uv) | 0.1063£0.0015 | [51] 0.1083 zf S
d(s) = ulv e’ eq. (3.17) dcos? Br(W = ) | 0.1138£0.0021 | [51] 0.1083 %
- = +p— ,
o(4q) i ete” = 7L Ou;0r, Pr f(Vs) R 0.49 + 0.04 [45] 0.50 e
‘e~ g ,
ererad Te; O FV9) A AT R, 0.998+0.041 | [52] 1.000 g [glas
A%CB-,A?-?B FB“"FB




EWPO ﬁt in the ”ﬂ“vm""f“i- SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]
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EWPO ﬁt in the “fiﬁvo"“f“i- SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]

[
Wu

dgr,
5gEVT
6955
o971,
6g%7
Jg}Zf
O9R
5g§7'
595“
Jgfc
sgf"
5g§”

6g}Zf
5gIZI d
) g[Zl s
5gf b
59}%‘1
) ggs

6g}Z2b
5 gg/ql

W.Z

( — 1.00 + 0.64
~1.36+0.59
1.95 +0.79
~0.023 4 0.028
0.01+0.12
0.018 4 0.059
~0.033 4 0.027
0.00 +0.14
0.042 + 0.062
~0.8+3.1
—0.1540.36
—0.3+38
1445.1
—0.35+0.53
—09+44
0.9+28
0.33+0.17
3416
34449
2.30 + 0.88

—13+£1.7

x 1072,

[Cez] 1111
[cee]1111
[Cee] 1111
[cee]1221
[cee] 1122
[cee]1122
[Cze]2211
[Cee] 1122
[Clze] 1331
[cee]1133
[cee]1133
[Cze]3311
[Cee] 1133
[Coe]2222

\ [cee]2332 )

1.01 £0.38
—0.2240.22
0.20 £0.38
—48+1.6
1.5+£21
1.54+2.2
—14+£22
3.4+26
1.54+1.3
0+11
—234+£72
1.7+£72
—1+12
—2+21
3.0+23

x 1072,

[ 1111

[Cegli111
[Ceu)1111
[Ced]1111
[Ceu]1111
[Ced]1111
[52)]1122
[Ctzu] 1122
[Ged]1122
[Ceql1122
[ceu] 1122
[Ced]1122
[ég)]u:m
[ced]1133
[Ceq] 1133
[Ced] 1133
[e§2)Joo11
[ceqla211
Coul2211
[ceu]
[ced]2011
[éeq]2211
[Ceequ] 1111
[Cfesiq] 1111
3
[Cgequ] 1111
e‘f," (2 GeV)

L

—22+32
100 + 180
—5+11
—5+23
—1+12
—4+21
— 61+ 32
2.44+8.0
—310£130
—21+£28
— 87 +£46
270 £ 140
—8.6+£8.0
—14+10
—32+5.1
18 +£20
—12+39
1.3+7.6
154+12
25+ 34
4+41
—0.080 £ 0.075
—0.079 £0.07
—0.02+£0.19
—0.02+£0.15




EWPO ﬁt in the ”ﬂ“vm""f“i- SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis] L Q

W.Z L Q

L L [ng)]llll —22+4+32
( sgpe \ ( —1.00 £ 0.64 Feq}lm 100;;118?
w ‘ Cluj1111 -
6g,]-7v” —1.36 & 0.59 oo ooy
Sgp™ 1.95 +0.79 L L el il
sgZe —0.023 £0.028 edlin1 4491
S 0.01 4 0.12 [ 1122 — 61432
54T 0.018 & 0.059 [ceu]1122 2.448.0
L A P
dg%¢ —0.033 40027 [eeel 1.0140.38 ralnen S0 1
691%“ 0.00 £ 0.14 {Qe}llll _()ggiio 93:2 qutﬁ - o
Z Cee|1111 . - eu -
5g§7' 0.042 £ 0.062 [cee] _AS416 [Ced) 1122 270 + 140
sgZv —0.84+3.1 ¢eizal N ) : s | = —8.6+8.0 x 1072,
Jgéc = -015£036 | x10-2. [cee]uzg — lo i TS i e
dg7t o ' [Ceql1133 ~32451 P E
dglu —2 | [Ced]1133 18420 = <] F P
gR — (3.4 :l: 4-9) >< 10 | (3) 19439 A ’ swe
6g}Z2c | [CZq ]2211 71 3:‘: .é | C?F:_;—'%EE
5gZd ! [ceqla211 SET. r :
) 2 SR [ceul22n1 15412 ' o
gIZlb [Cea)oo11 25+ 34 i
5géd [éeq]2211 4441 I
5gD | [cfequ]llll — 0.080 £ 0.075
5g4s 34449 [Ctedg1111 —0.079 £ 0.07
i | SR ®)
095" ZT30E0.88 { | [Cpequl1111 —0.02£0.19
§ggf‘11 — 13417 T e S e‘f,”(Q GeV) —0.02+0.15




EWPO ﬁt in the ”ﬂ“vm""f“i- SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]

[
Wu

dgr,
5gEVT
6955
o971,
6g%7
Jg}Zf
O9R
5gﬁ"
5gIZl“

Jgfc

sgf"
5gg”
6g}Zf
5gIZld
6g[le
6gfb

59%'1

W.Z

( — 1.00 + 0.64
~1.36+0.59
1.95 +0.79
~0.023 4 0.028
0.01+0.12
0.018 4 0.059
~0.033 4 0.027
0.00 +0.14
0.042 + 0.062
~0.8+3.1

K 5ggs

095"
c W
ogR q1

2.30 &+ 0.88 L

—015:1:0‘36 >

~13£17 T

[Cez] 1111
[cee]1111
[Cee] 1111
[coe]1221
[cee] 1122

1.01 £0.38
—0.2240.22
0.20 £0.38
—48+1.6
1.5+£21

- 1072,

[ 1111

[C eq] 1111
[Ceu]1111
[Ceal1111
[Ceul1111
[Ced] 1111
[ 1122
[Ctzu] 1122
[Ged]1122
[Ceq] 1122
[ceu] 1122
[Cea]1122
(61133
[ceal1133
[Ceq] 1133
[Ced] 1133
[e§2)Joo11
[ceqla211
[ceu]2211

lcedlaans 7~

[Ceqla21f
[clequ] 1

(3)

[cfequ] 110y

(2 GeVi

L

—22+32
100 + 180
—5+11
—5+23
—1+12
—4+21
— 61+ 32
2.44+8.0
—310£130
—21+£28
— 87 +£46
270 £ 140
—8.6+£8.0
—14+10
—32+5.1
18 +£20
—-1.24+39
1.3+7.6
15:I:12

Bounds: 10+- 0(1)

J 7




EWPO ﬁt i the ‘H“VOWF“L SMEFT [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]

E = _——
== = — = - = e —

)

sibGh

@ * Public likelihood: y2 = 52 (ci)

= — — = e, ==



EWPO ﬁt i the ﬂ“\"?"""‘f“t SMEFT  [raikowski, MGA & Mimouni, 2017]

# Precedent: flavor universal [Han-Skiba'05], or non global [de Blas-Chala-Santiago'l3];

# 264 experimental input

# They constrain 61 combinations of Wilson Coefficients [Higgs / Warsaw basis]

= e S —

=" = =
- — = — — ,\
\

/a4 Public likelihood: 32 = 2 (ci) .

— - === ==

# One can trivially set to zero some coefficients, or relate them;
I» One can match to specific theory: ¢i = ci (g', M");

#+ Examples:

extra-dims (Megias et al., 1703.06019);

7' flavor gauge bosons (Cline-Martin Camalich, 1706.08510);
minimal Z' models (Alioli et al., 1712.02347), ...

\%‘at(* — — ——

~.

= P— — - — D —— — — —
——— P B e — —_— — —— = =~ —_— = ———
== = —_ = — = ===




What about high-pr LHC datar

. SM background NP (EFT)
[‘7‘(4]=[>AWM<+] v ot e

# Not so precise, but the energy might help:

) 1 x= (v E)<<A
o
A~ ASM(1+C¥6i2+ saa T )




What about high-pt LHC data?

e SM background NP (EFT)
— w
= [>m< ; ] v ot e

A
/

# Not so precise, but the energy might help: Vertex corrections

(SM-like amplitudes)

) . \E) << A

.’ * .
xr unless cancellations
.A ~ .AS M 1+ (875 P , happen between E-growing

‘ SM amplitudes (pp— VV)

Precision is the key




What about high-pr LHC datar

e SM background NP (EFT)
p P W
= [>m< ; ] v ot e

# Not so precise, but the energy might help:

| Contact interactions {
(propagator?) |

2 |
T T / |
A ~ Agy (1 + OAGP +a Al + .. ) E2/v2 enhancement
wrt SM term

Bounds driven by
Precision + Energy




What about high-pt LHC data?

e SM background NP (EFT)

VA R

# Not so precise, but the energy might help:

| Contact interactions {
(propagator?) |
A ~ Asu (1 + g5 ) E2/v2 enhancement
A * wrt SM term

Bounds driven by
Precision + Energy

# LHC (pp—e€Te, ev) is a sensitive probe of LLQQ interactions
[Cirigliano, MGA & Graesser’12]

# LHC (pp—e¢*e-) bounds competitive with EWPO
[de Blas, Chala & Santiago’13]



What about high-pt LHC data?

e SM background NP (EFT)

Ve T

# Not so precise, but the energy might help:

| Contact interactions {
(propagator?) |
A ~ Asu (1 + g5 ) E2/v2 enhancement
A wrt SM term

Bounds driven by
Precision + Energy

# LHC (pp—e€Te, ev) is a sensitive probe of LLQQ interactions
[Cirigliano, MGA & Graesser’12]

# LHC (pp—e¢*e-) bounds competitive with EWPO
[de Blas, Chala & Santiago’13]

# Recent analyses:
[Farina et al’16, Greljo & Marzocca'l 7, Falkowski, MGA & Mimouni’l7,...]




What about high-pr LHC data?

SM background NP (EFT)

Ve e

# Not so precise, but the energy might help:

(propagator?)

' E2/v2 enhancement
wrt SM term

x2
./4 ~ ASM (1+OAGP )

Bounds driven by
Precision + Energy

# LHC (pp—e€Te, ev) is a sensitive probe of LLQQ interactions

[Cirigliano, MGA & Graesser’12] pp—ete
o 10 T ]
o ) 'f':j 10° ATLAS 1 o Data _
#» LHC (pp—e*e-) bounds competitive with EWPO 5 -t 20s T Wt 3
[de Blas, Chala & Santiago’13] 10° —fmeiebibial
108 [ Photon induced _é
10
i .
b Rece.:nt anallyses. | . 10
[Farina et al’16, Greljo & Marzocca'l7, @lﬂ, MGA & Mzm)oﬂ\ 1
' g 1.5f ' T I
_.LIR_{, 1 ts08e: . "0‘0‘"¢¢¢++++++I0 1 00
§ 0.5 N —_
a 100 200 300 1000 2000

m,, [GeV]




What about high-pr LHC data?

SM background

W
>\va< + RC.| +

NP (EFT)

Y4

(e€)(qq)
[ng)]nu [Ceq]1111 [ceu]1111 [ced]1111 [Ceq]1111 [Ceul1111 [Ced]1111
Low-energy | 0.45+0.28 | 1.6+ 1.0 | 28421 | 36+20 | —18+11|—-40+20 | -27+20
LHQ5) | —0.7010%8 | 25%02 | 29723 | —1.6733 16755 1.6+%3 —-3.1+3¢8

0.8 TeV < miee < 1.5 TeV

Entries

Data/Exp.

~ 1000
Mee [GeV]

2000

x 103

[Falkowski, MGA &
Mimouni, 2017]



What about high-pr LHC datar

SM background

W
>\va< + RC.| +

NP (EFT)

(ee)(qq)
el | leeglun | leeaJunn | [eediun | [eeghin | [eeuiinn | [cedlin
Low-energy | 0.45 4+ 0.28 1(16 +10|28+21| 36+£20 | —-1.8+1.1| —-4.0+2.0 —2:7 +2.0
LHCy5 | —0.70%086 | 25%19 | 99+24 | _jg+3d | g g+l8 16522 | —3.1+36

[Falkowski, MGA &
Mimouni, 2017]

S = —72.62+0.43
[Wood et al., Science’97]



What about high-pr LHC datar

e SM background NP (EFT)

P P /
— w
— >vvv\/< +RC| + |
(ee)(qq)
@) [Falkowski, MGA &
[ng Jii1 _ [cegl1111 [ceu)1111 [Ced]llp [ceql1111 [ceu]1111 . [Ced]1111 Mimouni, 2017]
- L - —_— ,
Low-energy { 0.454+028 81.6+1.0|28+21| 3.6+20 | —-18+1.1|—-4.04+20|—-2.7+£2.0 >X 10_3
25530 | 29738 | 16730 | 1645 | 1eff | —3.1130 -
— 1Y 2 v 2 v 2
ACKM = |Vud| + |Vus| + |Vub| —1
= —(4.6+5.2) x 1074 -
W= —12.62+0.43

[Wood et al., Science’97]

[Hardy & Towner'l4,

Flavianet’16,

MGA & Martin Camalich'l6,

MGA, Naviliat-Cuncic & Severijns, 1803. XXXX]




What about high-pr LHC datar

e SM background NP (EFT)
£ ’ V4 T .
) w ‘,’ ":
- -+ R.C. + 1
(ee)(qq)
(3) [Falkowski, MGA &
- [cgg 1111 | [ceglrin I ,[,Ce"]n,n [eed]1111 ,[,C,eqhul [Ceu1111 _ [ced]1111 Mimount, 2017]
Low-energy { 0.454+028 81.6+1.0|28+21| 3.6+20 | —-18+1.1|—-4.04+20|—-2.7+£2.0 >X 1 0_3
‘ — W
25719 | 29723 | 16732 16715 16723 —3.113¢ .

|‘~fud|2 + |VUS|2 + |‘~fub|2 —1

Ackm

= —(4.6+5.2) x 1074 o
W = —72.62+0.43

[Wood et al., Science’97]
[Hardy & Towner'l4,
Flavianet’16,
MGA & Martin Camalich'l6,
MGA, Naviliat-Cuncic & Severijns, 1803. XXXX]

LHC run 2 & HL-LHC
— ~10-4 level bounds
[Greljo-Marzocca, 2017]




What about high-pr LHC datar

e SM background NP (EFT)

P P /
— w ;
—_ + R.C.| +
(ee)(qq)
(3) [Falkowski, MGA &
[epg 11111 _ [ceglinnn | [eeu]1ina [eed]1111 [ceq)r111 [ceu]1i11 | [cedli1n1 Mimouni, 2017]
- e - —_— -
Low-energy { 0.454+028 81.6+1.0|28+21| 3.6+20 | —-18+1.1|—-4.04+20|—-2.7+£2.0 >X 1 0_3
LHC, 5 25132 | 29728 | —1.635 16755 16473 —3.113¢ -
Déﬁghter ==

I
§z
ik

AckM =

— (4.6 + o
W= —12.62+0.43
Laser Cooling of Ra ions for Atomic Parity Violation | [Wood et al., Science’97]
[Hardy & Towner
Flavianet’16,

MGA & Martin Cd
MGA. Naviliat-Cu L. Willmann!, K. Jungmann!, N. Severijns?, K. Wendt?

May 31, 2017

LHC run 2 & HL-LHC
.Tke. ion rzo.+' renders the Poss;bnf.n&‘j for fx fx 5 ~10- level bounds
improvement in the accuracy of sin2 Bw within )
o - [Greljo-Marzocca, 2017]
1 week of measurement time




What about high-pr LHC datar

e SM background NP (EFT)

—_ w \

(e€)(qq)
5 [Falkowski, MGA &
[egg 11111 | [egglininn | [eeu]innn | [eedliin [Ceq)r111 [ceu]1111 [Ced]1111 Mimouni, 2017]

Low-energy | 0.45+028 | 1.6+1.0 | 28+21 | 36+20 | -18+11|—-40+20|—-27+£20 X 10_3

LHC, 5 —0.7070%8 | 25122 | 29725 | —1.6%33 16755 1.6+%3 —-3.1+3¢8




What about high-pr LHC datar

SM background

W
>\va< + RC.| +

NP (EFT)

(ee)(qq)
[ng)]llll [Ceqlllll [Clu]llll [Ced]llll [Ceq]1111 [Ceu]llll [Ced]llll
Low-energy | 0.45+0.28 | 1.6+1.0 | 28+21| 3.6+20 | —-18+11 | —-4.0+£20 | —2.7+2.0
LHC,5 | —0.7019%% | 25739 | 29723 | —1.6730 16755 1.6+%3 —-3.1+3¢8
(1) (qq)
[Cg)]zzu [ceglz11 | [ceul2211 | [cedl2211 | [cegl2211 | [Ceu]2211 [Cedl2211
Low-energy | —024+12 | 4421 | 18419 | —204+37 [ 404+390 | —20+190 | 40+ 390
LHC;5 | -1.2270%2118+13(20+£16| -1.1+£20|11+£12| 25% | -224+20

x 103

x 103

[Falkowski, MGA &
Mimouni, 2017]



What about high-pr LHC datar

e SM background NP (EFT)

—_ w \

(e€)(qq)
5 [Falkowski, MGA &
[egg 11111 | [egglininn | [eeu]innn | [eedliin [Ceq)r111 [ceu]1111 [Ced]1111 Mimouni, 2017]

Low-energy | 0.45+028 | 1.6+1.0 | 28+21 | 36+20 | -18+11|—-40+20|—-27+£20 X 10_3

LHC;s | —0.70%066 | 25+19 | 9g+24 | _jg+3d | g+ls 16775 | —3.1735
(110)(qq)
g loanr | legglaant | lealoont | [eealonn | [ceqloont | [ceulaont | [cealaon

Low-energy | —0.2+12 | 4+21 18+19 | —20£37 | 40+390 | —20+190 | 40+ 390

... BUT the applicability is reduced:
© Does your model generate only one operator? [no global analysis available];




What about high-pt LHC data?

e SM background NP (EFT)

— >vvv\/< +RC| + | |

(ee)(q9)
3) [Falkowski, MGA &
[egg 11111 leegliinn | [eeu]iin [eed]1111 [ceq]1111 [ceu]1111 [ced]1111 Mimouni, 2017]

Low-energy | 0.45+028 | 1.6+1.0 | 28+21 | 36+20 | -18+11|—-40+20|—-27+£20 X 10_3

LHC;5 | —0.7019%8 | 2.5%22 | 29723 | —1.6733 16755 1.6+%3 —-3.1+3¢8
(1) (qq)
[ng)]zzu [ceglz11 | [ceul2211 | [cedl2211 | [cegl2211 | [Ceu]2211 [Cedl2211

Low-energy | —0.2+12 | 4+21 18+19 | —20£37 | 40+390 | —20+190 | 40+ 390

© Does your model generate only one operator? [no global analysis available];
| < Quadratic terms are important:
| OsMxs << Gex6 in your NP model?

[e.g. strongly coupled theories] A ~ Aswy (1 + %i_z + agx_4 T )

T

2 4
O ~ Osum (1—|—a6p—|—(ag—|—a8)—+...>J




What about high-pr LHC datar

e SM background NP (EFT)

p P / o ,
— w ; “;
— 4+ R.C.| 4 1
(ee)(qq)
[Falkowski, MGA &
[ng)]nu [ceglinn | [eeu]1in [eea)iinn [Ceq)r111 [ceu]1111 [Ced]1111 Mimouni,, 2017]
Low-energy | 0.45+0.28 | 1.6 +1.0 | 28+21| 3.6+20 | —-18+1.1 | —-4.0+2.0 | —2.7+2.0 x 10-3
LH@ 5) | —0.7010%8 | 25732 | 29723 | —1.6730 16755 1.6+%3 —-3.1+3¢8
LHGyo) | —0.84%055 | 3.673% | 44737 | —24737 | 24739 1935 —4.6731
LH(o7) | —1.0175 |[59+7.2| 74490 | -36+87| 3.8+59 | 21779 —8+10
0.8 TeV < Mee < 07, 1.0, 1.5 TeV
(110)(qq)
[Cg)]zzu [ceglz11 | [ceul2211 | [cedl2211 | [cegl2211 | [Ceu]2211 [Cedl2211

Low-energy | —0.2+12 | 4+21 18+19 | —20+37 | 404+390 | —20+£190 | 40+390 | (£

© Does your model generate only one operator? [no global analysis available];

| < Quadratic terms are important:
| OsMxs << Gex6 in your NP model?
[e.g. strongly coupled theories]




What about high-pt LHC data?

e SM background NP (EFT)
P P Vi
— w
- >\va< + RC.| +
(e€)(qq)

(3) [Falkowski, MGA &
[ng Ji111 [cegl1111 [ceu]1111 [ced]1111 [ceql1111 [Ceul1111 [Ced]1111 Mimouni, 2017]

Low-energy | 0.45+028 | 1.6+1.0 | 28+21 | 36+20 | -18+11|—-40+20|—-27+£20 X 10_3

LHC;5 | —0.7019%8 | 2.5%22 | 29723 | —1.6733 16755 1.6+%3 —-3.1+3¢8
(1) (qq)
[ng)]zzu [cegloz1r | [ceul2211 | [crdl2211 | [cegl2211 | [Ceu)2211 [Cedl2211
Low-energy | —024+12 | 4421 | 18419 | —204+37 [ 404+390 | —20+190 | 40+ 390 x 10-3
LHC;5 | -1.2270%2118+13(20+£16| -1.1+£20|11+£12| 25% | -224+20

(Pseudo)scalar & tensor couplings: LHC can't compete Wlth low-E [backup slide]
— RGE running & mixing very important ' PR
Mgocep ‘
(IA(P SW)P ~ (1 + =420, p) !
| D




Same game: triple gauge couplings

CMS WW (8 TeV,19.4 fb~1)

0.5}
LEP-2+Higgs
0.0}
- Quadratic
x
o)
-0.5¢}
Linear [Falkowski et al., JHEP (2017)]
10 ' [Butter et al., JHEP (2016)]

-02-01 00 01 0.2 03 04
Jg].z




Same game: triple gauge couplings

CMS WW (8 TeV,19.4 fb~1)
0.5}
LEP-2+Higgs
0.0t
N Quadratic
>
S
-0.5¢
Linear [Falkowski et al., JHEP (2017)]
10 1 [Butter et al., JHEP (2016)]
-02-01 00 01 02 0.3 04 o
N (TeV)
%81z ooup— 2S5 88
‘ S {2
+ Likewise: flavor (dj—uilv) vs. LHC (pp—1l) o8 e ) s
[Chang, MGA & Martin Camalich, PRL 114 (2015), LT r ----“"\\"“*;\Lﬁ =
MGA & Martin Camalich, JHEP 1612 (2016) 052 35 0.00/ Fis H e
Greljo & Marzocca, EPJC77 (2017) 8, 548] :\\‘“\‘\.\__ \ e
L ’\,\ ________________ '/' 13
~0.02} S ,"
b Hy;;er—or: decays 2
004k




Summary

# SMEFT as an efficient framework / tool

# Ist flavor-general EFT fit to EW precision observables
(& publicly available!)

# LHC bounds (on some interactions!) are very strong,
but they come with a series of caveats.

M. Gonzalez-Alonso
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SMEFT: (our) Higgs basis

1 1 2 2 +
Lkln — _§W/j1_/Wl;/ — ZZIJ,I/Z#,I/ — A/J,VA/J,V + = LY A (]. + 5m) W+W + (gL 89Y) ZP'ZM

+ iero,0,er + twro,0,vr + zelauauel.

LD eA! Z Qr(froufr + fioufi)

f=u,d,e

+— IL |:WH+V[O'N(5IJ + [5gL “lrr)es + W’H_UJ[U (VIJ + [5921(1] ) dj + h.c.]
\/§ 1J
gL c w 7C
+E |:W'u+’U,IO'H [59}% q:l T dJ —|— hC:|
_ Zf
-I—\/g,% + g%Z“ f_Zd: f10, ((Tg — Sng)(S[J + [5gL ]IJ) fr
R+ zr Y fio, (—ngféf J+ [59?‘ ] ”) f5. (2.2)
f=u,d,e
Lopr =L “lo
eff. = Lsm + 2 A 2

()
Lo =auriz ]

M. Gonzalez-Alonso



What about high-pt LHC data?

e SM background NP (EFT)
— w :/ "
— >ww< +RC| + *.1 ;

Chirality-violating operators (. = 1TeV)

[Falkowski, MGA &
[ctequ)1111 [Ceedg]1111 [Cgi(),u]uu [Clequl2211 | [Ceedg)2211 [ngz,u]zzn Mimouni, 2017]

Low-energy | (—0.6 +£2.4)107* | (0.6 £2.4)10~* | (0.4+ 1.4)1072 | 0.014(49) | —0.014(49) | —0.0929) | X 710-3

LHC, 5 0+2.0 0+26 0+£0.91 0+1.2 0+1.6 0+£0.56
PS: interference w
the SM ~ m/E.
2
Mgcep |
AP = w)|> ~ m} (1 429D, |
my J
Running
(QCD x QED
& QCD x EW) €L 10 0 0 0 €L
[Alonso et al.'13, Aebischer et al.'17, €R 0 1.0046 0 0 0 €Rr
MGA, Martin Camalich & Mimouni'17] €s =0 0 1.72 246 x 107°  —0.0242 €s
€p 0 0 2.46 x 106 1.72 —0.0242 €p
0 Ju=2Gev) \ 0 0 —217x107" —217x107" 0825 r Ju=2)

Wiedq 1.19 0. 0. Wiedq
Weequ = 0. 1.20 —0.185 Weequ
w® (3)

0. —0.00381 0.959 Weequ >(M =1TeV)




E OC PO [Falkowski, MGA & Mimouni, 2017] | ’

(e€)(qq)
[Cg)]un [cegli111 [ceu]1111 [ced)1111 [Cegl1111 [Ceul1111 [Ced]1111
CHARM —80 £ 180 | 700 4 1800 | 370 &880 | —700 £ 1800 X X X
APV 274+19 1.6x+1.1 3.4+23 3.0+2.0 —-16+11|-34+23| -3.0x+2.0
QWEAK | 7.0+12 | —23+40|-35+60| -7+12 23440 | 35+6.0 7412 [Wood et al,
Science, 1997]
PVDIS —8+12 24 + 35 38 +48 —77 + 96 —77 £+ 96 —12+17 24 + 35
SAMPLE | —8+45 x 17490 | 17490 x 17490 | 17290 | X 10-3
dj = uwlv | 0.38+£0.28 X b X b b b
LEP-2 3.5+2.2 —42 + 28 —21+14 42 4+ 28 —18+11 —9.0+5.7 18+ 11
() (qq)
[ng)]ﬂll [ceglz1n | [ceul2211 | [cedl2211 | [Ceql221n [Ceu]2211 [Ced]2211
PDG v, 20+ 15 4+ 21 18+19 | —20+ 37 X X X 3
SPS 0+ 1000 | 0+£3000 | 041500 | 0+£3000 |40+390 | —20=+=190 | 40 390 X 1 0
dj - uly | —0.4+1.2 b'e X X X b b
[Hardy & Towner'l4,
Daughter - —4 Flavianet’16,
ACKM - _(46 == 52) x 10 MGA & Martin Camalich'l6]

M. Gonzalez-Alonso




LEP2 vs Higgs

[Falkowskt, M GA Greljo & Marzocca, PRL (201 6)]

1.0

0.5

N\

_ T T T
f&r 20+ LE P ]
g YFSWW and RacoonWw
03 }

104 18 1
0 /‘ | W0 w5 Mo s
160 180 200

—1.0 ‘

———————————————

15

1.0

g 0Ky

Hleee 4@}

Higgs

uiZSM+f(C1,cz,...

,C9 )

Symmetries relate TGC &
anomalous Higgs couplings:

6g11=f(c1,c2, eeoe ,c9)
=8(C1,C24.0.,C9)
= unconstrained

Channel | gaTLAS

v |L17E03 -

Zy 27758 102749 |  total

ZZ* [1.467039(1.007529 2D

WW* |1.18703110.8370:31 2D

21719 |- Wh

51757 |- Zh

- 0.807593 Vh

o [1.44%53210.91%52% ] 2D

- 0.87F5%9 Vh

bb (1117983 |- Wh

0.0575521- Zh

- 0.89t%;31 Vh

- 2.8%1% VBF

155 |1.2f8 tth

pp | —0.773710.8735 total

| multi-¢ {2.1715 [3.8714 tth
T — —




CKM unitarity test

N
A Vi 0.97416(21) s ~ ~ _
| ( . ) - <0.22484(64)> =P  Ackm = [Vad|? + |[Vas|> + Vo2 = 1 = —(4.6 £ 5.2) x 10~*

.k Vus

e Acicnt = [Vaal? + [Vl + Va2 = 1 = 2 (=891 + 897" — 6974 — cff) + 7))

[From Falkowski, MGA ( 592‘/6 \ ( 0.15+0.18 \ 0.23 £0.26 \

& Mimouni, 2017] 595“ - 0.48 + 6.457h -

>./\/VV< 5974 | x10°=| —0.05+0.27 s,
o —0.40 £ 0.37
®) T o
) GG

LHC can't
compete here

—0.23 £ 0.26

0.23+0.26

0.23 + 0.26 pp — e'e
— — LHC reaching
) this level...
HL-LHC x10

o9’ é—( [Falkowski, MGA & Mimouni’l7,
\ 33 Greljo & Marzocca’l7]

Dértj’ghter

EWPO
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