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ATLAS SM Summary

Standard Model Total Production Cross Section Measurements status: Juy 2019
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ATLAS Exotics Summary
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The Fermi-theory example

In the SM
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The Fermi-theory examyj
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The major underlying assumption of any EFT

ANp > E of the scale of experiments/measurements

- [J—scale of experiments
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Start w/ IR—model in mind (QED, SM)

using symmetries of model put together ops, Q4>4
truncate EFT at some O(1/A)

constrain @ in experiment & infer properties of NP at A

Qs are unrelated — model independent

Qs are only in terms of IR degrees of freedom

- [J—scale of experiments

Tyler Corbett (Niels Bohr Institute) January 4, 2



SMEFT @ D6

D6 operators from SM field content = SMEFT @ D6

Type I: X3 Type II, I1I: HS, H*D? Type V: W2H2 4+ h.c.

Qa FABCGlvGEraon Qu |H|® Qe |H|?(LeH)

Qs FABCGAYGEraSH || Qua |H|?0|H?| QuH |H|? (QuH)

Qw dIEwIvwlewke || Qup | (H'D*H)*(HTDMH) || Qan |H|?(QdH)

Qw EIJKV'V;VWL‘/I;)WPK“

Type IV: X232 Type VI: W2 H3 Type VII: W2 H2D

Quec |H|2G 2, GAm Qew (Lot e)yr' HW], Q4. (HiD,, H)(Ly* L)
Quea |H|2GA, cAwv Qew (Lot e)r T HBy, QY | wtiBLH) Ly L)
Quw |H2Pw L, Wiy Qua (Qer* TAu)HG, QHe (HYiD, H)(ey"e)
Quw |H12W ], Wik Quw | Qo wrTAW], Q\h (D, H)(av" )
Qus |H |2 By, B Qus (QoH¥u)H B QG | wtiBLm)(arTtg)
Qup |H|? B, BHY Quc (Qe**TAd)HG, QHu (HYiD, H) (")
Quws | HITTHYW] B Qaw (QorvdyrlHW], QHa (H1iD,, H)(dv"d)
Quwp | HITTH)YW]! B Qus (Qo""d)H B, QHud (H1iD, H)(avy"d)

Type VIII: 5 x (LL)(LL) + 7 x (RR)(RR) + 8 x (LL)(RR) + (LR)(RL) + 4[(LR)(LR) + h.c.]
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» Vertices

T3: Que = (HTH)O(HTH) T5: Quu = (HTH)(UH)

T3: Qup = (HTDFH)*(HTDHH) T7: QYY) = (H'iDLH)(Ly*L)
T4: Qpy = (H H)VAV,, T7: QL) = (HT D, H)(IyH W)
T4: Quwp = (HI T H)W}, BH T7: Quy = (HT Dy H) ()

T8: Qrr = (LY*L)(Ly*L)

. 2 ‘ . SM-like

. ' Non-SM-like kinematic structure
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SMEFT: Effective Vertices

T3: Quo = (H'H)O(H'H) on T5: Quu = (HTH)(UHy) )
T3: QHDAHTDMH HprH) @@ T7: QY = (HtiDLH)(IvL) ¢
T4: Quv = (HTH)VIV,, T7: QWY = (HI DL H) (T 0) 4
T4 Quwp = (HIT H)W,, B* 4 T7: Quy = (H' DuH)(ry) 4

T8 Qrr = (Ly*L)(Ly"L) L ] |
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. ' Non-SM-like kinematic structure
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SMEFT: Effective Vertices

T3: Quo = (H'H)O(HTH) on T5: Quu = (HTH)(VHY) ()
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SMEFT: Effective Vertices

T3: Quo = (HYH)O(H'H) on T5: Quu = (HTH)(VHY) o

T3: Qup = (HTD“H ot @@ T7: Q%) = (HTiDLH) (L) 4®
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The Higgs Sector: Measurements

ATLAS —— Total ©Stat. ==Syst. "I SM
Vs=13TeV, 24.5-79.8 fv"
m, =125.08 GeV, ly, | <2.5
p. =71%
SM
Total Stat. Syst.
Y L] 096 :o14 (o1t , ‘9%
zz* 2] 1.04 012 (o014, 006)
9gF ww* =t 108 so1o (011 , +015)
Fe=— [ )
| B . 008 ( +0. )
T e 139 B8 (50
2z = 268 0% (0w . lok)
W v 059 0% (185 . o2r)
VBF F— 116 93 (195 9
] ( - )
VH
(+
35 (1 014 )
ey . 57 (loe » “o3s)
ttH+tH | ™ He— 138 os (0% . 0e)
bb === 079 68 (+o2 , +0s2)
[comb. k= 421 0B (Low, 0%
[ P R B P B [

10~ 1pb+15%
100pb+15%
10 pb+18%
100pb+58%

10~ 2pb+29%
10~ 1pb+34%
109pb+£60%
10~ 1pb+48%
100pb455%

107 2pb451%
10~ 1pb+147%
109pb+22%

10~ 3pb435%
10~ 1pb+38%
10~ 2pb+76%
10~ 1pb475%
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The Higgs Sector: Measurements
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The “correct” Higgs width in the SMEFT

W)z

<

Tyler Corbett (Niels Bohr Institute) January 4, 2020



The “correct” Higgs width in the SMEFT
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The narrow width approximation has been used extensively for H — V'V calculations.

MadGraph:
generate h > Z e+ e- — I'=29-100% Gev
generate Z > e+ e- — T'=84-1072 GeV
generate Z > all all - I'=24 GeV
I'(h— Zete ) x BR(Z wete™) = TI'=98-10"% GeV
generate h > e+ e- et e- — I'=13-1007 GeV

This corresponds to a correction of ~ 30%. For eepp the correction is about 15%

Bohr Institute Januar;



H — ZZ — 41, beyond the narrow width ap

< 4

49802 8
r =222 +200) , +697) [(1 - ) N2 [(95)2(9f)? + (92 (gf)? + a = b] Pz

+

S,
N9 + (95) 17z }

Narrow width and full calculation agree to within 30% for ete~ete™
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H — 2e2v, beyond the narrow width approx

< o 4

4g2v

r= (1 +288) ; +692)N2 [(65)2(95)? + (652 (af)? + 9522 ()2 + (s8)%(98)?] P2

+g8v2N2(1 + 280 o + sgw ) Pw

295 (92) (af)v?

4 o Nc(1+Ag)ZZ +A§§)WW +69z +0gw)Fwz

Narrow width and full calculation agree to within 1% for ete~vv

but this is because the contribution of ZZ is small compared to WW
if interference is enhanced in SMEFT could cause narrow width to be wrong(er)

Bohr Institute January 4, 2



Contact AV

R

1
L s ww o gwdgy = g5vENZ(1+ QAEH%/VW + dgw ) Pw

+2v2g5uN22[cwy (34 — M3,) + cwa(prz — M3,)] Pw

Non—SM-—like PS integral
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1
Lhwwodpiy = 9302 NZ(1+ QAL%VW)PW

+2v2g53vN2 x 2 [ewb(p3a — MZ,) + cwa(pr2 — MZ,)] Pw

6
+972N.:2Ag)wwf(pij)7jw
— ——

New kinematics!!
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But wait, there’s more! Hyvy, HZ~, and Hgg:

Tree-level O(1/A2%) H~vy, HZ~, and Hgg couplings exist in SMEFT!

>tt  (Niels Bohr Institute) January 4, 2020



But wait, there’s more! Hvy~vy, HZ~, and Hgg:

A vy g
Y il g
1 — 4% correction 5 — 9% correction |10 + % correction
1 1
‘ SM ‘ cHB ‘ CHWEB ‘ cfm) ‘ CHe ‘ c%l ‘ CHu ‘ CHA
49 | 2.62-10 % — 185 — 042 —.015 — 012 023 036 — 019
NW: 2.64-104 —.189 —.036 —.013 —.012 .022 .035 —.018
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But wait, there’s more! Hyvy, HZ~, and Hgg:

1 — 4% correction 5 — 9% correction |10 + % correction

CHu ‘ CHd

1 1
‘ SM ‘ CHB ‘ CHW B ‘ C(Hz) ‘ CHe ‘ cﬁil ‘
4y | 2.62-10 % — 185 —.042 —.015 —.012 1023 .036 —.019
NW: 2.64-104 —.189 —.036 —.013 —.012 .022 .035 —.018
1 — 9% correction 10 — 99% correction 100 + % correction
1 3
| sM | enw | cun | enwn | enp | ) | &) | cne
eevv 1.03-10° ~1.51 010 —.056 — 551 —.008 —3.74 —.041
NW: 1.07-107° —1.50 —.035 —.019 —0.508 .004 —3.95 —.041
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Conclusions

The SMEFT is our best tool for heavy NP beyond the LHC’s reach

The Higgs production and decay in SMEFT at tree-level “was” done

@ Use of the narrow width approximation has been industry standard
@ Careful calculation can make O(10% — 100%) differences

@ some more tree level may remain... H — 2Fv', H — 4Fv', H — 3F7

Future measured deviations may be fake if we don’t things correctly
Future measured null results may be fake if we don’t do things correctly

Tyler Corbett (Niels Bohr Institute)

January 4, 2020
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Global fits of the SMEFT

Higgs Sector

g 9/
oo h oo
g 9/v/Z
Triple Gauge Sector Electroweak Precision Data
w
Z
wW/zZ

Tyler Corbett
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example global fit

Run 1+2 GLOBAL (20 OP)

" Run 142 GLOBAL (20 OP) Linear Expansion
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® Dbl insertions of ¢; in red, single in blue
© Blind direction broken by TGC+EWPD
® Many cases where constraints lost

® Current status:
testing how well we can measure 0
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SMEFT

In studying NP at Axp > v, we employ the Standard Model EFT

1 1
LsmerT = Lsm + Xﬁs I ﬁﬁe froos La=> ciQi
i
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SMEFT

In studying NP at Axp > v, we employ the Standard Model EFT

1 1
LsmerT = Lsm + Xﬁs I ﬁﬁes froos La=> ciQi
i

Q of d > 4 respecting SM symmetries

The SMEFT is formed of Lgy and
& ¢; embedding UV physics J
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SMEFT

In studying NP at Axp > v, we employ the Standard Model EFT

LsmerT = Lsm + %55 I %&s froos La=> ciQi
3
The SMEFT is formed of Lgy and
Q of d > 4 respecting SM symmetriesJ
& ¢; embedding UV physics
The SMEFT is:
a Taylor series in f, % <1 J
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SMEFT

In studying NP at Axp > v, we employ the Standard Model EFT

1
A

1
LsmerT = Lsm + ﬁa-l-ﬁﬁe-&-"‘ 5d:ZCiQi
3

Q of d > 4 respecting SM symmetries
& ¢; embedding UV physics

The SMEFT is formed of Lgy and J

The SMEFT is:
a Taylor series in f, % <1 J
The leading operator:
L5 =cap(LEH)HATLg) ~ v2iqvg
= my, ~v2/A

't (Niels Bohr Institute) January 4, 2020



Higgs Production in the S

1 EE
—_ —16
‘é s=14 TeV 13
—_~ — g
> H
+ 18
I ~
T - Cross Sections: E
& r GGF 49pb N
v VBF  4.2pb |

WH 1.5pb |
ZH .97pb
ttH .61pb

100 200 300 400 500 1000
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mples of Higgs Production in the SMEFT

Qua = (HTH)GA G, Qs = (H1iD, H)(¥yv)

Tyler Corbett (Niels Bohr Institute) January 4, 2020



mples of Higgs Production in the SMEFT

Quc = (HTH)GAWGA, QG = (HiD, H)(Iy"v)
wW/Z g

Nk
g;I?) = (HTiD, H) (V) 9 Que = (QU”VTAu)ﬁGﬁV t

Tyler Corbett (Niels Bohr Institute) January 4, 2020



th in the SM

¥ o

w/Z
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in the SMEFT

L4 W)z
| —
¥
P U
Quu = (HYH) (Y yrH) Quv = (HTH)VH'V,,

Tyler Corbett (Niels Bohr Institute) January 4, 2020



Quu = (HVH)(¥ Ly H) Quv = (HTH)V*V,,

g/ v
T < T d
) ~ ) 9/v/Z R v/Z
Qyy’ = (HViD,H)(IyH ) Qw = ! TEW, WP W,

Tyler Corbett (Niels Bohr Institute) January 4, 2020



d Identities in Y

In traditional R gauge, the naive ward identities are not preserved.
One must invoke BRST symmetry to recover them:

or Fin . B
/ <6A;36Al;> (5K550d) =0 = k*(A%(k)AY(—k)) =0

(Peter Van Nieuwenhuizen, AQFT notes)
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Which coefficients can we constrain?

% The latest ATLAS combination of STXS measurements with 80 fb-! not enough to
constrain all parameters appearing in the parametrisation.
4p Likelihood minimisation not stable due to large correlation between parameters and
blind directions
% Fisher information matrix obtained from the inverse of the covariance matrix of the
measurement and propagating the EFT parametrisation of each bin and each decay.

AT AT AT

AT AT AT
-1 T -1 _|AD At A
Cerr = P Csrxs P, P=lam a7 A7 |

nxn parametrisation matrix (n=15x5)

% Find eigenvectors (sensitive directions) and eigenvalues (large values correspond to high
experimental sensitivity).
Assuming Gaussian behaviour.
Three different scenarios:
4p Combined measurement, production only (BR= BRsy) ATLAS-CONF-2018-028
4p H->yy considering both production and decay variations.
4 The combined measurement of all channels 1909.02845
8

* %

Ana Cueto, 16th Workshop of the LHCHXSWG.
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Full eigenvectors tables

Combined measurement:

Eigenvalue Eigenvector

241550 0.24 - cyg —0.23 - cyw —0.83 - cyp +0.45 - cyws
147981 -0.97 -cgg —0.21 - cygp +0.11 - cywp

6090 \ 12-caw —0.98 - cpg3 — 0.11 - cpy,

124 M CHWB t+ 0.30 - -

34 x—0.56-
CHu — 03 *

22 =0.11 - ¢ + 0.
Cqq31 — 0.13 - Cuul

16 -0.48 - CHwW + 0, .
cn +0. 14%

5 0.13-

*CHe +0.31-

0.24 - crg1 +0.11 - ¢y —0.17 - leort]
0.9 .12 - cgwp +0.26 - CHgl — 0.21-¢;1 - 0.79 - |CeH| +0.47 - |CdH|
0.4 0.18 - cggpox — 0.11 - cgw + 0.12 - cgwp — 0.33 - ¢y — 0.16 - cgy3 + 0.26 - ¢y + 0.67 -
/ crgr +0.18 - crry — 020 - crrg — 0.12 - cypy — 0.43 - |can|
0.2 —0.34 - cgpox —0.23 - cgyy1 +0.22 - cyy3 +0.15 - cgye +0.32 - CHq1 + 0.11 - ¢y, —0.11 -
cya +0.40 - ¢y +0.37 - |CeH| +0.57 - |CdH|

19
Ana Cueto, 16th Workshop of the LHCHXSWG.

January 4,



On Bases

100s of operators in Leung et al. 1986 = 59 operators in Grzadkowski et al. 2010

This was accomplished via field redefinitions or use of EOM (equivalent, Politzer 1980)
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On Bases

100s of operators in Leung et al. 1986 = 59 operators in Grzadkowski et al. 2010
This was accomplished via field redefinitions or use of EOM (equivalent, Politzer 1980)

The Higgs EOM:
D2H — |p|?H + 2X(HTH)H + Yy9p¥ = 0
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100s of operators in Leung et al. 1986 = 59 operators in Grzadkowski et al. 2010

This was accomplished via field redefinitions or use of EOM (equivalent, Politzer 1980)
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Triple Gauge Couplings (TGCs)

w/Z
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jouplings

wW/z 9/v/Z

v/Z
Qw = EIJKquWJPWKH

Tyler Corbett (Niels Bohr Institute) January 4, 2020



Shifts in the propagato

The propagator in the unitary gauge is:

—t quqv SM?
e (o — 220 20)) 1+ 6D(a)
qi]-—M +il'M + ie M M
With:
1 i .
6D(q7,1): ——— = 1-— /LA 5M27’LM or
qij—M2+i1"M 2M

The quantity that will show up in our calculations is:

(qij — M?)6M? — (M2 + 2M2 oL )

2
2Re[6.D(qs5)] = (@5; — M2)2 ¢+ NI2E2

For g;; ~ M? (i.e. a near on-shell region of PS) we expect:

2Re[6D(M?)] ~ —

't (Niels Bohr Institute)
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We need the shifts in the widths of the W and Z in the SMEFT. In the SM we have:

3Gr M3,

DW= ) = = T

Then the shift in the width due to the SMEFT is given by:

oy =15 (dagit 4 Ssgia 4 M
w =1w gV/A gV/A oNT2
w
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In the SM we have:

3 NIBNY
V2Gp M3 N

T(Z - Py) =~

(112 +1941%)
Then the shift in the width due to the SMEFT is:

ST (Z — ) =

V2GR NENY -
e zc (zg‘%g;ﬁ + 2gﬁ5gj)

3
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H—=9yyp, H—=vyy, H—gg

The H decays to two particles are well known:

=

W/Z
N¢ M,
81

Ty = (19512 + 29y Re(3gns)]
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H—=9yyp, H—=vyy, H—gg

The H decays to two particles are well known:

<

N¢ M,
81

e

. — dzép
7T 128273

Loyy = [\gisbi\flz 4 29h¢Re(59hw)]

2 da &2 M3
il (1548 i0n) Bt e
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H—=9yyp, H—=vyy, H—gg

The H decays to two particles are well known:

=

NCMh
Tyy = [\9 M1+ 29h¢Re(59hw)
5{2GF b 2 Sa d2M3
I, = 2%F INYQ2F, 4+ F ‘ (1+2—+6DW)77R N”’ Fy + F ]c
= Togyans [ Fy + Fw & CRUFy + Fw| ey

el

C_YQGF = 2
Lgg = ———_M?3 |F (1 +2 L =L
99" 644/213 i | Py 6s | Gp

3 Re [Fw] cHG
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PS integrations:

The PS integrations were cross checked ideally up to 3 ways:

‘ PS integral H MGbH ‘ Rambo ‘ Vegas ‘
(WW)*(WWmtm || v v v
(Z2)*(ZZ) v’ v’ v’
(ZZ)(ZZ|mtm v’ v’ v’
(ZZ)*(WW) v’ v’ v’
(ZZ)*(WW | mtm v’ v’ v’
(VV)*(contact) v v v’
(VV)*(Z~) b 4 v’ v’
V) (1) x | x | v
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Returning to shifts in the propagato

The propagator in the unitary gauge is:

5 2
—1 quqv oM
- — 2B — ) ) [1 + 6D(qq,
@ij — M2 + iEN + ie (g‘“’ T e )> [t + dD(as;)]
2(qi; — M?)sM? — T(TsM? + 22 6T . sM? ST
2Re[6D(qi;)] = o ( ) M2)2(+ 1\712f: = SRR o = T
qij —
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Returning to shifts in the propagator

The propagator in the unitary gauge is:

5 2
—i qudv SM
- — 2B — ) ) [1 + 6D(qq,
@ij — M2 + iEN + ie (g‘“’ T e )) [t + D(g:;)]
2(qi; — M?)sM? — T(TsM? + 22 6T . sM? ST
2Re[6D(qi;)] = o ( ) M2)2(+ 1\7121;5 = SRR o = T
qij —

Taking the Myy—scheme, ratios of x; for ete~ete™ comparison part 5:

mi_}’éw/x“o‘s = 1 at:épmp/:lcno‘s = 097
oProP /gm0 — 1,08 s ey = 101
Sprop ;/_nod _ 5PT0P n06 _
@PTOP/gnod = .90 e e = 089
dprop /_nod _ 5prop nod _

Typ /THE = 1 THq(1,3,L R)/xHq(l,S,L,R) = €9

x5PrOP/xn05 — 1

5pr0p nod _ 1.00

TgwB/THWB
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Returning to shifts in the propagator

The propagator in the unitary gauge is:

3 2

—1 auqv SM
—_— — Il = == 14+ 6D(q;;
s (g,w L0 )) [1+6D(q;;)]

2Re[§ D (M ?)] oM or
— 2Re == =
M2 r

2(q;; — M?)5M? — D(PSM? + 2012 6T)
(a15 — M?)2 + M212

2Re[0D(qi5)] =

Compare the above Narrow Width prediction of the phase space population to the full calculation:

5M3 5T
ST(8Myy, 6Tyw) = —6.9° =W — 952 W
rz, Ty
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Returning to shifts in the propagator

The propagator in the unitary gauge is:

3 2

—1 auqv SM
—_— — Il = == 14+ 6D(q;;
s (g,w L0 )) [1+6D(q;;)]

2Re[§ D (M ?)] oM or
— 2Re == =
M2 r

2(q;; — M?)5M? — D(PSM? + 2012 6T)
(a15 — M?)2 + M212

2Re[0D(qi5)] =

Compare the above Narrow Width prediction of the phase space population to the full calculation:

(3)

c 5T 5M2 c
ST(8Muyy, Ty ) = 1 x (SM — like) — 38— — 95 W 69" "W _ q"HW
93 Pw My, 93
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Path Integrals 101: Free field theory

From Sterman 1993, the generating functional is:

Ze, /[D¢]exp |:i/d4x (—%(}3(5 +m?)p — J¢)}

exp [7% /d4xd4zJ(q:)AF(:L‘ — z)J(z)} Zr,[0]

The greens functions are then given by:

é
8J (i)

G, s oo = OITM()]0)ee = | [

2

} ZrolJ]

J=0
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Path Integrals 101: Free field theory

From Sterman 1993, the generating functional is:

Ze, /[D¢]exp |:i/d4x (—%(}3(\3 +m?)p — J¢)}

exp [7% /d4xd4zJ(q:)AF(:L‘ — z)J(z)} Zr,[0]

The greens functions are then given by:

)
G4, s 2n)ivee = (T[]0} ree = [ [ ] ey 1]
i J=0
For example G4 = i45(11 07,07507, 2, gives:
xrs3 T4 xr3 T4 T3 T4
1 ) T xo T1 )
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Path Integrals 102: Interacting fields

For some potential V(¢) we can define the generating functional:

Zeld) = WUIWIOh - Wil = [Délex ( [t B(M)Q Mg V(9) - J¢D .

Then we can define perturbation theory as:
1 1
zel) = [wolexn (i [ ate |20, = Tm?0® — V(@) - s0) ) /Wl

8 i
= exp |:7i/d4z1V (7,%)] exp [75 /d412d4z3J(zz)AF(zg — z3)J(13)] ZLO[O]/W[O]

The Greens functions are then:

5
O] T[H;p(x;) 10)iny = [Hzm] Ze[J]

s
= [lzllw(xi)]x

exp |:—i/d4ac1V (z%) — 2/d4x2d4x3J(3¢2)AF(w2 —x3)J(z3)| X
T

ZeolO)/Wol| |

Tyler Corbett (Niels Bohr Institute)
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Path Integrals 102: Interacting fields

The Greens functions are then:

s
OIT[M;¢(2i) [0)iny = [Hlm]x

exp [—i/d4x1V (z 0 > — %/d4x2d4x3J(ac2)AF(x2 — ms)J(ms):| X

8J(x1)

Zeglol/Wiol|

Diagrammatically the 2 point function at NLO is then:
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Path Integrals 102: Interacting fields

The Greens functions are then:

s
OIT[M;¢(2i) [0)iny = [Hlm]x

exp |:—i/d4ac1V (z%) — %/d4x2d4x3J(ac2)Ap(x2 —:cs)J(:cg):| X
T
Zeglol/Wiol|

Diagrammatically the 2 point function at NLO is then:

W [0] is sum of disconnected diagrams

Z[J] = W[J]/W]0] is the generating functional of connected diagrams
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Path Integrals 103: The effective action

The effective action is a Legendre transformation of Z[J], (Abbott 1982):

~ ~ ~ 4
rQl=2[J - J- =—Z7Z
Q@=2-7-@ a=3;
Taking a couple variations of I" gives:
_ LT Y R
6Q Q2 6Q 6J 86J2
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als 103: The effective

The effective action is a Legendre transformation of Z[J], (Abbott 1982):

_ - - 4
rQl=2z[J)—J- =—Z
Q@=2-7-@ a=3;
Taking a couple variations of I" gives:
LA LA R [ A
6Q 5Q2 6Q 6J
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Q| =Z[J]-J-Q D=—7
Q@=2-7-@ a=3;
Taking a couple variations of I" gives:
LA ST _ 8 [_@}_1_ {_‘izrzm—l
0Q 5Q? 6Q 6J

Solving for §/6Q:
6 _8Js _ Aflli
5Q Q6T i6J

Then §/8Q acting on I" adds an external line and removes a propagator.

January 4, 2020
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Path Integrals 103: Some examj

It follows then for the two—point function,
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Path Integrals 103: Some

It follows then for the two—point function,
146%T 16°T
I =ATTS AT —A=A
i 6Q2 i 6Q2

Or, e.g. the three point function:

- T(2z/5022 T 5B

8T _A,lli[_éizyl_ 1 88z)6J2 837
5Q3 i6J | 6J2 -
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Triple Gauge Couplings (TGCs)

w/Z

Tyler Corbett (Niels Bohr Institute) January 4, 2020



Triple Gauge Couplings (TGCs)

A
)<

_ JJKywlvyyJepwEr
Qw = ¢ Wu Wy W,
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TGC fit (2016)

From Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, Plehn, Rauch, 1604.03105
Lsm + fg(HTH)GA Gy + fw (HYH)W AWy 0 + f5(HTH)B* By,

+ fw (D*H) A (D, HYW A + fp(DFH)T(DyH) By
+ fo 20" (HVH)Ou(HVH) + fyu (HT HYHY + furwwe VKWW ew

f/A2_2 T T T T T T T ] A/\/ﬁl f/A2_2 T T T N\ml
[Te¥ ]_ [TeV] [Teys]_ [TeV]
0.25
0.3 10 + 1 0.3
0.5
oo 5F |
o2 ! I 05
0.3 0 o
025 | {05
[ N ]
@ LHC-Higgs, 95% CL 102 10 b
-30 | @ LHC-Higgs + LHC-TGV + LEP-TGV, 95% CL {03
40 | A5 | ]
{015 025
50 | 20
(@] (@] Q (@) Q (@) o] o] Q @]
% 4 % &+ 6 B 7 % %
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TGC fit (2016)

From Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, Plehn, Rauch, 1604.03105

Lsm + fg(HTH)GA Gy + fw (HYH)W AWy 0 + f5(HTH)B* By,
+ fw (D*H) A (D, HYW A + fp(DFH)T(DyH) By
+ fo 20" (HVH)Ou(HVH) + fy (HTHYHY + furwwel VKWW ew

2 . i i i i ® Still uses double insertions of ¢; for both o and BR!
[ngg.zl © Blind direction broken by TGC (1701.06424) J
0
1 1 0.25
03 10 } 108
0.5
oo 5t ]
03 ! I 05
03 0 o
0.25 1 0.5
5 F ® ®
@ LHC-Higgs, 95% CL 102 10 |
-30 @ LHC-Higgs + LHC-TGV + LEP-TGV, 95% CL {03
40 | 15t |
1 0.15 0.25
50 | 20
o o] Q o] Q (@] o o Q O
% o % B P 7y R <
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EWPD a la LEP
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EWPD a la LEP

Z/y Z

W
Tz, of, AP, Rp(SLD), Apg, RS, RY, Ae,
Ay, A%, A% A%P(SLD/LEP —1), Mw, Tw, BR(W — W)
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H~vy, HZ~, and Hgg Full:

A vy g
Y il g
1 — 9% correction 10 — 99% correction 100 + % correction
uudd c c c<1) c<3) c c c c
Hd Hu Ha Ha HWB HB HW HG
SM-like: —.016 .0404 —.0012 4.02 .033 0 0 0
NW/NWgy: | | —.015 0397 —0052 | 402 | .050 0 0 0
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1 3
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H~vy, HZ~, and Hgg Full:

A vy g
Y il g
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SM-like: —.016 .0404 —.0012 4.02 .033 0 0 0
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H~vy, HZ~, and Hgg Full:

Y g
o] g
1 — 9% correction 10 — 99% correction 100 + % correction
uudd CHd CHu Cg; CS()I CHW B CHB cHW CHG

SM-like: —.016 .0404 —.0012 4.02 .033 0 0 0
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H~vy, HZ~, and Hgg Full:

1 — 9% correction 10 — 99% correction 100 + % correction

uudd CHd CHu 0(1;31 Cg; CHW B CHB CHW CHG
SM-like: —.016 .0404 —.0012 4.02 .033 0 0 0
NW /NWgn: —.015 .0397 —.0052 4.02 .050 0 0 0
+Contact: —.0077 .0198 —.0013 2.24 .033 0 0 0
NW/NWgnm: —.0076 .0194 —.0054 2.28 .050 0 0 0
+C+mtm: —.0077 .0198 —.0013 2.24 .019 —.0075 —1.48 0
NW/NWgn: —.0076 .0194 —.0054 2.28 .034 —.0087 —1.47 0
+C+m+ ~: —.0077 .0198 —.0013 2.24 .027 —.068 —1.41 0
NW/NWgpg: —.0076 .0194 —.0054 2.28 .034 —.0087 —1.47 0

+C+m+ vy-+g: —.0077 .0198 —.0013 2.24 .027 —.068 —1.41 —.98
NW/NWgpg: —.0076 .0194 —.0054 2.28 .034 —.0087 —1.47 0
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H~vy, HZ~, and Hgg Full:

1 — 9% correction 10 — 99% correction 100 + % correction

uudd CHd CHu 6(1;31 CS; CHW B CHB CHW CHG
SM-like: —.016 .0404 —.0012 4.02 .033 0 0 i 0
NW /NWgn: —.015 .0397 —.0052 4.02 .050 0 0 / 0
+Contact: —.0077 .0198 —.0013 2.24 .033 0 0 0
NW/NWgnm: —.0076 .0194 —.0054 2.28 .050 0 0
+C+mtm: —.0077 .0198 —.0013 2.24 .019 —.0075 1.48 0
NW/NWgn: —.0076 .0194 —.0054 2.28 .034 —.0087 /[1‘47 0
+C+m+ ~: —.0077 .0198 —.0013 2.24 .027 —.068 —1.41 0
NW/NWgpg: —.0076 .0194 —.0054 2.28 .034 —. % —1.47 0

+C+m+ vy-+g: —.0077 .0198 —.0013 2.24 .027 fﬁs —1.41 g —.98
NW/NWgn: | | —.0076 .0194 — 0054 298 034 nqu%‘ 0

For wuuu(dddd) this is -8(-6)
For the total H — 4f width it’s -0.28

(H — gg is 619...)

January



	Current Status at the LHC
	Basics of EFTs
	SMEFT Global Fits (H+EW+Z–pole)
	The ``correct'' Higgs width in the SMEFT
	The Standard Model Effective Field Theory (SMEFT)

