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Infroduction

Rich experimental program for studies of the

Higgs boson at m =125 GeV

— Many production and decay modes

— Many observables: event yields, Higgs
kinematics, associated production properties il

Higher precision in Run 2

— Higher infegrafted luminosity
— Higher cross-sections at Vs = 13 TeV
— How to report and interpret the

measurements ?

Contents:

— Run 1 & Run 2 measurements
— New inferpretation/reporting

frameworks in Run 2
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“Typical” Higgs Couplings Measurement

* Measure Higgs event yields: 5 e e
© 30} - =

— separate Higgs signal from bkg £ 25| £
usually by fitting an invariant o

Mass spectrum of =

— Report production (¢ x BR) i TRIT

™80 100 ~ 600 800

m,, (GeV)

* Measure yields in particular prod. modes/kinematic regions
— Select regions enriched in the target process (using BDTs, efc.)
— Extract target event yields using similar methods as above
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Couplings Measurements: Run 1 and Run 2

ATLAS+CMS Run 1
Combination

* “Couplings” in Run 1: mainly event yields = (c ‘B)
in all available pro

————————

duction and decay modes
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Fiducial Cross-Section Measurements

Unfold cross-section to fruth-level

fiducial region matching reco acceptance:

* Detector acceptance, kinematic cuts
* Particle-level isolation

Slightly different definitions in CMS and ATLAS

Perform in bins of an event variable

— Differential cross-section measurements

51 17 (7 Tev), 19?fb (STeV} 12911:. {13Te\.l’}|
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ATLAS 62.8 + 3.9 fo G, =43.2 + 14.9 (stat.) + 4.9 (syst.) fo
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Run 1 Differential Cross-Sections

Results at Vs = 8 TeV from:
* Hoyy (ATLAS, CMS)
H=ZZ (ATLAS, CMS)

H-ovyy & H=ZZ Combination (ATLAS)

* H=-WW (ATLAS)
19.7fb™" (8TeV)
[r— 2 N T T T T | T I T T T T | T ]
> 1°ECMS g
Q E ¢ Data E
2 | Ggy(H—r) from LHC Higgs XS WG 4
s AMC@NLO + XH

o 105 %4 HRES + XH SNE
O = %% POWHEG + XH & 3
[9) C -.-.. POWHEG + XH, FW=5E° GeV* S 7
© - - - - POWHEG + XH, FW =-5E° GeV™* 2
1L XH = VBF+VH4+tiH cal
T 125
- '-4é—i -
- [} Laate P
107 l | + =
= PR I S| e
- I §oormmen N
— | _ = % B _& o —
102 = E
C | Ll | LT

L 0 50 100 150 200
+ 3 T T | r—_
8 E i 3
I T S | + N
8 1 E+"“" LR i B S SRR --%- e,
2 OE 1 ]
2 SR, O S e —

E 0 50 100 150 200

Many variables:

 Higgs: p", |y"],
* Jets: N, o/,
* Event: H, A¢_,

n'

COS 0™ |
j2
ral e AVJJ' A%, m,

[ ]
;' [ T T T ‘ T T T | T T T T T ‘ T T T | T T T ‘ T T T
O - ATLAS pp—H B NNLOPS+PY8 + XH
0] - # MG5_aMC@NLO+PY8 + XH
= | antk R=04, N 20 B SHERPA2.1.1+ XH
N -«=« XH = VBF + VH + (TH + bBH
% + -¢- data, tot. unc. syst. unc.
5107k - i - (s =8 TeV, 20.3 fb" .
o) [ ]
L $
[ |
- { ]
......................... B
10 E R M % -
| L] | L. sebe.
CD I I T T I I T
o
S 2
9 1 Cal i - - + -
e
D::-'_U‘ 0 L L l L L | L L | L L l L L | L L L l L L L
0 20 40 60 80 100 120 140
it
p; [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-10
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-22
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-028/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-04/

Run 2 Differential Measurements

Preliminary results at Vs = 13 TeV from

* Hoyy (ATLAS)

* H=ZZ (CMS)
Reaching similar precision to Run 1, still statistics-dominated in all cases
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K Frqmework JHEP 08 (2016) 045
YR3 Section 10.2

In Run 1, Higgs couplings inferpreted within the "k-framework”:
* K, modifiers for all Hxx vertices
* also ¥, and k for effective ggH and Hyy loops, k,, for Higgs total width
* “LO-inspired” scaling for i=mH—=f (Use the best available SM prediction for x=1)

o ATLAS and CMS -8 ATLAS+CMS
Kb T LHC Run 1 - ATLAS
’ ’u
~+ CMS
_____ P | i =—Tointerval
K —_ i — 2o interval
— —
b, T, 1 — :
W,z K -.'-
W i
K —
1| S
KZKZ - :
: S E
o(i»H)-B(H>f) = =1 [og(i2H)-Bg (H3f)] | — —t
Ky e
1 33 ' |K | -*
Resolved loops” (no K, and Ky). " ——
II\\|II\\|I IIIII|I\II|I\
* Good agreement with all SM couplings =2 10 bl 3
arameter value
« slightly low Same conclusion when including xk and k. g



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-002/index.html
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Beyond the k¥ Framework

Pros

— Easy to implement
— Well-defined near the SM limit x — 1

Cons:

— Only well-defined at LO

H
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I e
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By
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* Scaling inspired by LO diagrams, cannot be systematically

extended to higher orders

—e.qg. breaks gauge symmetries = Divergences
— Does not include interactions not already in the SM

* CP-odd operators
* Non-SM tensor structures

= e€.9g. ho freedom for shape deviations in differential

measurements

10



SMEFT

* SMscale ~ v =246 GeV, no BSM physics seen below A ~ 1 TeV
= parameterize the BSM using an EFT extension of the SM

d< 1 d= d= 1 d= d=
L:L<SM4>+PZC§- 6)05 6>+PZC§ 8)05 e

* Usually(*) leading effect from interference of d=6 and SM ~(v/A)? and can
neglect d=8 and | c@=2 |2,

= Report experimental constraints on the ¢, compare to model predictions
« Straightforward to extend to higher orders in SM couplings

* Many operators: 2499 forn__ =3
- Forn =1 (or MFV): “only” 59

* Operators involving the Higgs boson can be reduced to 17.

* Many ways to define the operator basis on which to expand: SILH basis,
Warsaw basis, Higgs basis etc.

(*) Some restrictions may apply, see YR4 Section 11.2.2 for details 11


https://arxiv.org/abs/1610.07922

A BeS'l'i(]ry of SMEFT Operqfors (D YR4 Section 1121

Using Higgs Basis, as defined in YR4, ignoring flavor (n gen=1 Or MFV)
— 17 operators (10 CP-even + 7 CP-odd) involving the Higgs boson

Tree-level ggH (c))  Tree-level Hw (k) Tree-level HZy HZZ coupling modifier (k,)
B et i i dc,
H Z, Z
Modified Yukawa couplin Modified HZZ interaction
Modified H?® Coupling : S : T .
magnitudes (k) and phases with derivative couplings
H / Y
y HZ,,7"
d Czz
--—-@ oA . "mc HZo.zZ:
X Czy
N

= k framework with effective (x k) + CP-odd couplings + modified HZZ structure 5



https://arxiv.org/abs/1610.07922

A Bestiary of SMEFT Operators (2)

— 46 operators not involving the Higgs boson

* 16 W,Zff couplings modifiers + W mass shift dm
sm, [697€)i;, [69%)i5, 169V Nijs 1697, 16955, 16975, 09545, [69p Yij.

[daulij, [daalijs [daelij, [daulis, [dadlijs [dzelij, [dzulij, [dzalij-

* 4 corrections to triple-Z and triple-g couplings

ZU
Asy A A C3G5 C3G

* 25 four-fermion couplings

. . J . J : - : S ,
Cev, quq: (’qqn ﬂ.‘fq: {quﬂ ﬂquqd: ﬁquqd: {ZEEQ’U,: ﬂfequ: (erdq:

. S . S S J S .y S . . . . S J
Cles Clus Clds Cqes Cqus Cqus Cqds Cyqs Cees Cuus Cddr Ceus Ceds Cuds Cyy

Can be constrained using precision EW and flavor measurements

= Global SM fits are critical to fully constrain the SMEFT
= For Higgs measurements, can focus on the other 17 operators

YR4 Section II.2.1

13


https://arxiv.org/abs/1610.07922

Effective Lagrangian Interpretation of H— vy Differential Results

PLB 753 (2016) 69-85

Reinterpret ATLAS Run 1 H=yy differential results in SMEFT-inspired effective Lagrangian

Use S distributions : p.", N

: .
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using bootstrap. pY [GeV]
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Effective Lagrangian (2) -

Fit deviations in H-yy differential measurements:
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= Weak constraints on ¢

HwW?

¢y

Most information still coming from rates
= Strong constraints on odd+evenc , c..

and odd vs. even
Vary at most 2 parameters simultaneously

Need to include all relevant parameters simultaneously for a full SMEFT analysis
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SMEFT: Open Questions

Full SMEFT measurements should include all operators which induce
measurable deviations (can restrict only on symmetry grounds)

— Many possible deformations to consider
— Need to interpolate predictions in many dimensions
* Matrix element reweighting, Morphing...

Already significant information in current rate + differential
measurements

— Need o establish which combinations of operators can be
constrained

What measurements could increase sensitivity ?
— Different measurements targeted for different deformations
— |dentify sensitive regions in phase space

— |dentify sensitive variables
* Need to model correlations if fitfing mulfiple distributions

16



Simplified Template Cross-Sections  r4sectin

1.2

Similarities to fiducial cross-sections:

* measure cross-sections in truth-level phase

space regions.

9k

EFT
coeffs

specific
BSM

* Separate out regions to : =[_
* Maximize sensitivity to SM or BSM effects [riohBsm_|
* Minimize sensitivity to theory uncert., models |[.___ | ||& —
4 i Il e———=——
Points of Difference: it —1L -

* Split production modes/final states
* Partitions the entire phase space into non-overlapping regions

* No strong matching between truth and reco-level selections: compromise between

* "complicated” reco selections (BDTs, efc.)
* simple and well-defined theory selections
= Point of contact between theory and experiment

Complementary to diff. measurements: fully exclusive split along many variables
* No need for statistical correlations
* Coarser binning

17



https://arxiv.org/abs/1610.07922

STXS Stage 0

ATLAS ICHEP 2016 Higgs Combination

(EW gqH) (H + leptonic V')
(Runt-like) = —WH
—~EE [
]
—| g9 — ZH
it I I z O~7T 7 T 1 N I 7]
Splitting evolve§ with dgtaset size g L s Prefiminary o E
(more data = finer split) w60 ) . + Best fit =
£ \'S.E - Vs=13TeV, 13.3 fb(yy), 14.8 tb'(Z2) — 68% CL ]
“Stage 0” based on “production = 50F - 12500 Gev - 95% CL =
7 ; C —H =y ]
modes” (final states) only L —Hozz -4 -
— Group VBF+ (V=had)H since so0E- E
same final stafte 205 .
— Restricted fo |y, 1<2.5 to avoid 105_ E
extrapolation 0§ -
Used for ATLAS ICHEP results: H=yy B | | | | | | -
i : -10 e T Ty
and combination with H=ZZ. 0 20 40 60 80 100
(0 BY. ./ BL,[Pb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/

STXS Stage 0

ATLAS Preliminary m,=125.09 GeV
(s=13 TeV, 13.3 fb™' (yy), 14.8 fb'! (Z2)

-o- Observed 68% CL

SM Prediction

((5 . B)ZZ

9gF a

'l
(o - B)ggF S

(c-B)Z

VBF

(c-B)" —o—

VBF

s-B)"
VHhad

(c-B VHiep

1Y
(0B —o—

4 B

2

4 6

Parameter value norm. to SM value

included in ggF
top = ftH +

Assuming SM values for

relative fractions

ATLAS ICHEP 2016 Higgs Combination

ATLAS Preliminary m_;=125.09 GeV

OggF L 4
Over ——
OVHhad ®
SyVHiep o
Gtop_ = _
|||||||||||||||||||||||||||||||||||||||||||||||||

(s=13 TeV, 13.3 tb (yy), 14.8 fb ™' (ZZ2)
-o- Observed 68% CL SM Prediction

54 3-2-10 12 3 4 5

Parameter value norm. to SM value

Everything compatible
with the SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/

STXS S'l'(]ge | YR4 Section IIl.2

Larger 2016 dataset = Can populate finer bins: -

* ggF: i |
1. N.__split =19 &

jets

2. p;" split for 1,2 jets (p," for VBF-like 2 jets)
VBF & (V—=had)H :

1. Split VBF, (V=had)H from kinematics
2. split off “BSM” (high p,) and rest

3. p;"" split to match experimental jet veto

.+ VBF cuts
> 2-jet pa 00

.

}3]

~

— )

* (V=alep)H .
* Split W=alv and Z=ll/vv from gg/gg e
S (o3 Njeis "
_ il VR (S DR
| = Iw—uzlv | @ |Z%££J+m_/ |
P [0, 200] .

‘ Y
% 2t VEF ot _Hi

(+)

L+ ¥ [250, oo



https://arxiv.org/abs/1610.07922

EdriRhys J5C 75 (2015) 476

EﬁGCtive ngrqngiqns Eur: Phys: J: C75 (2015) 476

. o . LY L B L B L B U R L
« ATLAS: Higgs Characterization Model S - amas Ho 2zt
25} —— Observed E:;E; :iaﬂiw
ﬁ(")/ = {Cu"“""iM [lgnzz VAWA “ 4+ guww I’V; I’)V_’u] 20 SEigzzzféngth Iiticae .
2 o e Expected: SM 1

L . Y

[((thff'y“vqff Y A I/A# + Stxh’A'y“_r.qA"rw AH-'/A# ]
ryn
[( vz Yz Z,r.u ARV 4 Salaz Gaz~ Z .VA‘LL ]

a a, L. a a,py
CaKRuggYngg GWG M+ SakKagg9agy Gy:..‘/G i ]

. L L. Iy
[(nﬁuzz Zp.uZ'u + SaKazz Z;WZ‘[L ]

;> n—-l\DI'—‘rb-I'—‘rb-\'—‘Mll—‘rb-lH

[( alzaniatis H’ WY 4 sqKaww I’V IV "W]

g

CMS 19.7fb (STV) 51fb (7TeV)
—_—

—95/ CL

- 68% CL
& Best fit _|
¢ SM

( [ﬁn} Z a A +"€'II)ZZ a Z'LL + (Fv_”)“ II’ +a .[’1 #U+h C )]}X(]

CMS: “JHU Model”: based on Lorentz structure, also a:

2
K1 2 1 1 /=
L(HVV) ~ ) Z2HZVZ,, - AEHEOZ" — SH2" 2 — 0H2" 2

1
+ aWind HW W, — —— iy H (KFWW7DW+!‘ + x'{"ww;mw—#)
AI)
—ay VHWW, — sV VHW W
5 217,9,F — oZTHFEZ Zypgpwy, L TTHFE,, L rrygpw g
( Zy aMz u-v — iy v — 3 pv E"'IZ - 5“3 Hv 0 0.2 0.4 06 ]

A7)

1 fas

* Almost identical - in both cases include x + modified HVV dynamics
— More freedom than SMEFT (no gauge invariance) = more parameters

— Some missing contributions (e.g. HVff operators)
21


https://arxiv.org/abs/1306.6464
http://www.arXiv.org/abs/1001.3396
https://arxiv.org/abs/1310.5150
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-17/

YR4 Section lll.1

Higgs Pseudo-Observables

Idea: encode all the experimentally available information with only weak
assumptions (e.g. crossing symmetry)

T !
Jf_,"_i_‘L_ ” L a
Jff?f ) TN h a /\

s o

* Report experimental measurements as POs, and compute them in specific
models

* One PO per accessible observable \
— H=yy: T(H-w), orx = T(H=7y)/T,,(H=7y)

+ CP-odd parameters

— H=ff : T'(H-ff), or x, = T(H=ff) /T, (H=ff) > where experimentally
— H=VV=4l: Separate POs for accessiole
. H=V.V, and H=V.V, )

 Resonant and non-resonant contributions (H= Vff)
— Use the same “VV” POs for VBF and VH production
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https://arxiv.org/abs/1610.07922

Higgs Pseudo-Observables

From YR4 and
G. Isidori’s tfalk at HC 16

Process CP-even CP-odd
H=VV KZZ! ezZs KZy! KW SZZCP’ 8ZN(CP’ SWCP
(no cusfodial symm.) (¢ e )
H- Vil €re10 Ezer &gy
(no custodial symm.) (Re ¢ )
VBF! VH £ZuL’ GZuR’ 8ZdL’ 8ZdR
(no custodial symm.) (Re ¢ )
H—ff Kk, (f=1,b,7) O,
ggF K
r K

H

H

Total : 17 CP-even + 6 CP-odd POs (no custodial symm. : 21 + 8)

Assuming flavor universality
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http://indico.cern.ch/event/477407/contributions/2200080/attachments/1369922/2077113/PO_SLAC.pdf

Open Issues

* Need MC generators to provide predictions:

— HC/JHU: used in Run 1
— SMEFT: NLO generators being validated
— POs: under development

* TJools for multidimensional measurements (Morphing)

* How to report the likelihoods ?
— Last bins in distributions always have low statistics, not Gaussian

35

2In A

- m,=125.09 GeV

o ! i S AL e
- ATLAS Preliminary
30 Vs=13TeV, 13.3 fb(yy), 14.8 fo'(Z2)

— observed —|

— expected ]

— Noft very Gaussian even now = Covariance matrix is not sufficient

*  Which framework to use for reporting ? Many possibilities:

Data

Fid. o
Diff. ¢

—

STXS,
Pseudo-
Observables

SMEFT,
Effective
Lagrangians

Models

24



Outlook

* Many new ideas and possibilities being put forward recently

— Still many open issues to be resolved, theory/experiment inferactions very
important now to define this program.

VH (H + leptonic V')
YR4
A J
| aq > VI |
[ [ |
| W | |z | |z w |

.

| gg —+ ZH |

— p¥ (0,150 |

— pY[0,150] |

[ ph[0.150] |

'
"""""""

___________

""""""

__________

"""""""

___________

"""""""

..........

— ¥ [150,250]|

pY. [150, 250 |

pY (150, 250) |

pY. (150, 250]

t

t

—>| pY [250, 100]]

—>| pY. [400, o0] |

—

................

................

-------------

________________

—

................

................

------------

________________

do,, /de(H) [fb/GeV]

Ratio to POWHEG

— - —_
o o (=)
w o i

-

=k
o
s -

CMS-DP-2016-064

CMS Projection 300 fb" (13 TeV)
=l | I | I | ] I I I | 1 ] I I | 1 I I I | 1 ] | [
3 ' Toy Data (stat ®sys. unc.) =
F m— Systematic uncertainty (ECFA16 51)
i Systematic uncertainty (ECFA16 52)
L “4777 gg-H (POWHEG+JHUGen) + XH |
= = 3
£ : [0 XH=VBF + VH + tiH 2
a2z &
- EA
E L i
E D-I— 3
C P r sy e ] B
B 8

-------------

0 50

100

150

200

p.(H) [GeV]

* Many interesting measurements possible in Run 2 and beyond!
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https://arxiv.org/abs/1610.07922

Additional Material



Fiducial Cross-Section Measurements

‘ Requirements for the H — 4/ fiducial phase space

Lepton definition

= . Lepton kinematics and isolation
Muons: pt > 5 GeV, || < 2.7 .Eilectronb. pr > 7 GeV,|n| <247 Leading lepton pr p1 > 20 GeV
Pairing Next-to-leading lepton py pr > 10 GeV
Leading pair: SFOS lepton pair with smallest [nz — mg| Additional electrons {muons) pr pr > 7(5) GeV
. . . . ) Pseudorapidity of electrons (muons) ln| < 2.5(2.4)
Sub-leading pair:  Remaining SFOS lepton pair with smallest [nz — n¢¢| | sum of scalar pr of all stable particles within AR < 0.4 from lepton <04-pr
Event selection Event topology
i atice- adi . Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Lepton km_emdtlcs. Leading leptons pt > 20, 15, 10 GeV Inv. mass of the Z; candidate 0GeV < my, < 120Gev
Mass requirements: 50 < mjy < 106 GeV; 12 < m3y < 115 GeV Inv. mass of the Z; candidate 12GeV < my, < 120GeV
Lepton separation:  AR({;, £;) > 0.1(0.2) for same(opposite)-flavour leptons | Distance between selected four leptons AR(¢;,¢;) > 0.02 forany i # j
. P, . e Inv. mass of any opposite sign lepton pair me+p- > 4GeV
Ad vetc_). m(&;, €5) > 5 GeV for all SFOS lepton pairs Inv. mass of the selected four leptons 105GeV < myy < 140GeV
Mass window: 115 < myr < 130 GeV
_1,(2)
P T,qen

> %(i) for the generator-level transverse momentum of the leading (sublead-

T .nlr. .nlr.

ing) photon,
® |1gen| < 2.5 for the generator-level pseudorapidities of both photon

e the generator-level isolation of the photons, calculated as the sum of the transverse
momenta of all stable particles inside a cone of aperture R = 0.3 around the photon,
is required to be smaller than 10 GeV.
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Interpretation: ATLAS+CMS Combination

B™/B%*

Bbb/BZZ

ATLAS and CMS
LHC Run 1

-o- ATLAS+CMS
- ATLAS

-+ CMS

—t1c

— e—— — 120

Th. uncert.

1

0 1 2 3 4 5 6
Parameter value norm. to SM prediction
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- ATLAS and CMS
2FLHC Run 1 7

1 [ ——— 68%CL
I 95% CL

- <4 Bestfit
- Y% SM expected

ol -

T —

'DCombined
ol [THozz H—>WW _
:DH—)T’C H—>b|b ]
0 05 1 15 2

Hoyy

SNy .
+*

Interpretation: ATLAS+CMS Combination



Interpretation: ATLAS+CMS Combination

ATLAS and CMS - t1o
LHC Run 1 -o- ATLAS+CMS -+ ATLAS -+ CMS —12¢
= 3 = =
_ = _ -

—_— o e e

H 4 . 2ir
o i .t
T e
— — e e
_:ﬁ::— __:-—_"'_i——
—— ———
e e
L i <1 ; - 5 o .
BBSM20 0-—‘ BSM ™
IIIIIII|IIIIIIIll|IIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-15 -1 -05 0 0.5 1 1.5 2 -15 -1 -05 0 0.5 1 1.5 2

Parameter value



STXS Stage 1

* ATLAS measurements of STXS Stage 1: H-»gg, H—»ZZ and

combination

T ogF+bbH+TH BH — ZZ") = l'gotg:ﬁ pb

over B(H > ZZ") = 0.37793} pb
ova- BH — 2Z") = 095 pb

Ty X B(H — yy) =
over X B(H — yy) =
OvVHlep X B(H — yy) =
OvHhad X B(H — yy) =
o X BH — yy) =

USM,ggF+bBH+IfH : B(H — ZZ*) =1.31+0.07 pb
osmver - B(H — ZZ") = 0.100 + 0.003 pb
osmvh - B(H — ZZ") = 0.059 + 0.002 pb

63 H59 b
17.8 *23 fb
1.0 55 b
~2.3 122 fb
03 14

ATLAS Preliminary m,=125.09 GeV
s=13 TeV, 13.3 b (yy), 14.8 fb ™' (Z2)

-8~ Observed 68% CL SM Prediction

© B -
o8| . _
(G- )\Z,EF_ * |
(o B)\?BF_ —— |
(o )t?;-lhad_ ® |
B, —— _
S — _
I R AT I I R B AN RN R A

-4 2 0 2 4 6

Parameter value norm. to SM value



Better Frameworks: POs

so more POs:

2
Z

U

2m

A =i

L | 2y onf el r 92 2 3 €L 2 2
(Evae)(HypH) X lfi‘f (41, 42)9™" + F'(qi, ) T + Fp (4t . 42)

longitudinal CP-odd

?

€7 e
2 Py(dl)

trransverse

H . €
ﬂz’ l(TJr"_ﬁ'Jrr. {}Z

m‘fz Py (qf')

L@
49797

Pz(q?)Pz(q3)

_I_

_|_

(sz

non-resonant
(negligible)

double-pole single-pole

5?‘*'5*”‘71*13,0(11{,

SM 4
+ Anon—luc(@‘]z > ‘?% ))

|

m 2
mz

G. Isidori

* Separate POs for transverse and longitudinal \
* Applies to Z()ZC*), WHHW), Z(*)Q.

I
Je
! f'.ll
.:*:__.

3 J}Vf

H—-VV =4l: more kinematic information available (mll, mT, etc.),
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SMEFT Measurement Sensitivity

8 (1000) | S 5, (<1000) | T

T, (x100) | T g, (x100) | T T

i

Ty, ——— Ty -

H : Cn ————t—

C

|

HW

HW C ——

»

HB ; —_—— : HB

-

Ol
o

Cas Cys

RN " S
RN N

-0.1 005 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1

Figure 196: Marginalized 95% confidence level constraints for the dimension-six operator coefficients for current
data (blue), the LHC at 14 TeV with 300 fb~* (green), and with 3000 fb~ 1 (orange). The expected constraints are
centred around zero by construction. For the left panel we only use signal strengths, while on the right differential
pr.n, measurements are included. The inner error bar depicts the experimental uncertainty, the outer error bar
shows the total uncertainty. Figure from Ref. [848].
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