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Overview

ATLAS

EXPERIMENT

Studying the properties of the Higgs boson is a key component of the LHC physics program

Observation of deviations between these measurements and Standard Model (SM) predictions
would be a sign of possible new phenomena beyond the SM

Recent public ATLAS results to be discussed in this talk:

arXiv:2207.00320

e Measurement of the Higgs boson mass in the H—»ZZ*—44% decay channel (and H—yy) Phys. Lett. B 784 (2018) 345
e Constraints on the total width of the Higgs boson in the ZZ—4%2 and ZZ—2#22v channels ATLAS-CONF-2022-068
e CP properties of the Higgs boson coupling to electroweak bosons with the VBF H—yy channel arXiv:2208.02338

e CP properties of the Higgs boson coupling to fermions

e tau-Higgs interaction with H—-T1*T arXiv:2212.05833

“Hi i i 4] i n i ATLAS-CONF-2022-016
e top-Higgs Yukawa coupling in tH and ttH events with H—bb and with H—yy Phys. Rev. L eft 135.2050) Gei807
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Higgs mass (l)

ATLAS

EXPERIMENT

e intimately related to the Higgs potential
— its value is not predicted by the SM > 5 5
(only mild correlations with heavy fermion and boson masses) V(®)=—pu~® D+ 4 ( 0 @)

e the Higgs couplings are defined by the m , value -V + imz H2+ /1<V>H3+ i/lH4
0 » H 4

e access to the fundamental p? parameter:
— at the center of the naturalness problem

e precision measurements via fully-reconstructed final states in H—yy, H—>ZZ*—4%

> R B B
. . . S 600" g.gé?‘ground fs=13 TevAs.’e-;L1Aﬂ:'>s';1 E
e understanding of detector is crucial: £ or a9 itsm) weighted sum
—s precise calibrations of y, y* and e* energy and momentum scales are needed i} . ]
— also, precise understanding of detector resolution ~ _ ¢eo oo v o o E E
] 014: H-yy, m, =125 GeV ,VA;TLASSimuIatio ] 3000 =
v 014 s=13TeV 3 o ety ]
Mass measurement with H—yy: & o012 ’ 3 200 =
g 01 gg(:i O#Agen (0ge=1.59 GeV)_: E E

; F —— Signal Model 7 100 C

mH =124.93 +£0.21 (Stat) +0.34 (SySt) GeV = 90+ 04 (5,210 GoV) é

(36.1 fb!, subset of Run 2 data) "3 I B P

. . 002 / = ;i 18?

Systematics dominated by knowledge of EM NSO SR - OO SR N L

calorimeter and material e e LA R R

GeV
Phys. Lett. B 784 (2018) 345 myy 1GeV]
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Higgs mass (ll)

ATLAS

EXPERIMENT

Mass measurement in the H—-Z7Z*—4%? channel:

TE 0.250 ATLASSlmuIatlon b
Categorise events per Z boson decay channel ; 4y, 2u2e, 2e2y, 4e T P
Recover final state radiation, kinematic constraint of leading lepton pairs T oz ‘
Simultaneous fit in 4 the final state categories (4, 4e, 2u2e, 2e2}) " §
B o
Discriminant variables : ot g
e m,,,the four-lepton invariant mass i e
e D, asignal-to-background discriminant 0.05 5
input: 44 P, &n, trained separately for each final state ' ]
e 0o, the per-event resolution f05 110 115 120 125 130 135 = 140
m, [GeV]
PDF for signal 8 olaae el s
P (mae, Dnn, 0ilmu) = P(maDyn, 03, mpg) - P(Dwloy,mu) - P(oilmpg) | S gorioimilives g * B0 2o o0 o :ixzxwv
2] W Uncertainty S o

C . 1 B0+
40F % 3 i

Dependence of D, and o.on m

40 //
— mterpolate’c\J from fits to samples generated at various m :

//){/%///// ///+

1 20k

PDF for background: P, =P (m,,D,,) i L, iﬂ
— 2D probability densrty function using kernel estimation 15 2 25 3 350 01020304050607 0809 1
c,[GeV] arXiv:2207.00320 Dy
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Higgs mass (lll)

ATLAS

EXPERIMENT

Mass measurement in the H—Z7*—44% channel: I AN A L A W g ST o e
! 8 [ATLAS ¢ ] T [ ATLAS 1
(139 fb™, full Run 2 data) 8 O _— E - T R
E 70 Vs =13 TeV, 139 b [ ]Background [ Ho zZ'>a 2uze
€ C ] L —2e2
my, = 124.99 + 0.18 (stat.) + 0.04 (syst.) GeV g o 4 = e
AN r ]
g o :
Systematic Uncertainty | Contribution [MeV] S 25 ]
N - /
Muon momentum scale +28 >§ I o
@© L
Electron energy scale +19 g g \M
Signal-process theory +14 N2 s T I OIN. A fooTizs 24 25 ize 127 28
105 110 115 120 125 130 135 140 145 150 155 160 m,, [GeV]
my, [GeV]
Most precise ATLAS measurement of m, : AT = o
total uncertainty slightly below 1.5 per mille | o= 13TeV. 13910 e
4e I - | i 12451+ 0.73 (+0.73 Stat.)
Significantly improved muon p.-scale uncertainty wrt previous published result [ 2.2 B o oo
. . . . _292M l—a—|| 12501+ 0.29 (£0.29 Sta;
Result dominated by channels with sub-leading dimuons (4p and 2e2p) - | .
4 |—a—|| 124.93 +0.29 (+0.28 Stat.)
Combining this measurement with the Run 1 ATLAS result gives : e =
Run1+2 |—:I—| 124.94 +0.18 (+ 0.17 Stat.)
m, =124.94 + 0.17 (stat.) + 0.03 (syst.) GeV 123 124 125 126 127
arXiv:2207.00320 m, [GeV]
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Higgs Width ()

ATLAS
e SM prediction: I’'SM—_4 1 MeV g2 g
H ' ( onshell) g§gH® HZZ
— makes it itive t -SM contributions to the total width o ~
makes it sensitive to non contributions to the total wi g >H—VV m T
— too small for detector resolution of the LHC experiments & i
2
e access via the ratio of on-shell and off-shell Higgs production to extract I, (offshell) gggHg HZ77
— exploits enhanced off-shell production, unique to H — VV SH S VVN 5
— assumes no significant contributions from new physics below ~2 TeV 58 ms;
e the off-shell Higgs signal and gg — ZZ background cannot be distinguished N. KauﬁﬁiaEng%(zg?z?rﬂ%
— large, destructive interference effects RO ovsevosevroseveveevrsere
£ 4 g Z % 10° ATLAS Prellmlnary - "
@ \s = 13 TeV, 139.0 5’ [ Sveromatic unceraitios 19 5 8 TeV
> 10° -z W '
oo -z B i
ol 10 [ ] other Backgrounds 1072 | ; :
______ A v [ Jaa- ) zz4ii EE E HTO pawered by complox - pole - schame
103 — 103 | g; :
< 10 :F
g 7 g /M% 7 10 ‘:; 0=t ;
! 102
g 14f A R
% 081: e o // 707 + UL { 1075
(a similar interference effect at play in EW production) A CeuSCURRUSRIEISENTE NS it 11500 T
ATLAS-CONF-2022-068 m, [GeV] e oo
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Higgs Width (ll)

ATLAS

EXPERIMENT

e three signal regions in the analysis, targeting both ggF- and VBF- enriched selections
e the measurement is performed in two complementary channels:

ggF Signal region 1 jet mixed signal region EW signal region
%k
o /7°—4%
advantages:
> Clean Slgnal n’jcts =0 njcts =1 and n; Z 2.2 njcls Z 2 and A’l]jj Z 4.0
> ,
X futl)lly reconstructed n = landn, < 2.2
observabple:
> I d e . OggF niclszzandAnjj<4'O m
neural net discriminant g e £ 40°E aTLAS Profminary |
NN s 10 ATLAS Preliminary ® Daa > {5213 TeV. 139.0 f5' 22 Nt ertaint
S _ . 777 systematic uncertainties LU 105 s= ev, . a2z
wl 1 05 s =13TeV, 139.0 f5 CJa-zz ggF Signal Region CJwz
ggF Signal Region o )2z 4 - i (=) ez
1 04 I:l Other Backgrounds 1 O - mww
5 [ qa— H =) 224 3 % (Z);Iqee‘rs Backgrounds
% 10 Tz 10 T qa— (H ) 224j
o 77" —292v 102 L 2 e
advantage: 10 10
> six times higher branching ratio j 1
. 10°
observable: , 0
>t 77 22 | o
ransverse maSS m 2 £ e Data/Exp. -
o 15 S 15
Rt g D T E
C 1. | Bxo. 1L EW I/E 0-55_--1+ggFI/Exp. == 1+EWI/'EAp.-------I _E
05——1+‘ggFS/ExF;)). I—1+EWS/EX';)). , ‘ v--- = O_ —1+ggF‘S/Exp. —|1+EWS/Exlp. \ N m
| 0. 0 0.5 i 15 0 500 1000 1500 2000 2500 3000
o ATLAS-CONF-2022-068 mz* [GeV]
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Higgs Width (l1l)

ATLAS

EXPERIMENT

e Off-shell signal strength from a simultaneous fit to the six signal regions

, +0.6
e observed signal strength : H ( offshell) =1. 1_ 0.6
— background-only hypothesis rejected at 3.26 observed (2.40 expected) I -
- 1.110.6
e combination with the 42 on-shell signal strength to find the Higgs boson total width : SM ~0.6
F =4.6%2:5MeV
i i i ; —_ Results are preliminary (asymptotic confidence bands)
e ie.interms of the nggs boson width -2.5 but not expected to change significantly
g HA'7[-L\'A'SHP|"|”|HII T..I..I.!o‘blslst[ailorlﬂilwlll: ATLAS ZZ-O/_ é—I— 2 L AL L L L L L L B L O
S o0- reIMINATY - ops-sys 1 o 4l o £ [ ATLASPreliminary = Jedaeton
TH*>ZZ > 4_I1+Ilvv ----- Exp-gta‘- only ] s=13TeV, 139 b ol ; i Y 20F0n + Off-shell combined ----- Exp-Stat. only
- 13TeV, 139 b T EXPoys s Production Mode - Iy, | < 2.5 [N I R VR N " 13 TeVv, 139 fo'! —— Exp- Sys ]
| Obs-Stat. onl+)g:.61.1tg:§ Exp-Stat. only 10 o8 ] - G Sl ys K Frerboiion Mo L Obs-Stat. only: 1.1°0% «o-Stat. on
15?ObS-SyS: 1.1’0'6 Exp-aye 1. 0 [m] gEservej:ital-(fnly p-vaﬁJe=91d% B [fb] (o-B)SM [fo] 15:823_:;: 14'?35 17 . EXS 2;; 1 Oly ¥ O o
goF I - 1120+ 130 1170 + 80 |
+ VBF_ = 110+40  92.0+20 |
Y] [ el |
ttH E o 3 26'% 154777
b Inclusive I Eia 1340+ 120 1330 + 80 )
OJI L i 1 1 1 1 11 L S T s v
00.511522533.5 1 2 3 4 5 O00.511.522.533.54
ATLAS-CONF-2022-068 Mot chel Bur.Phys.).C 80 (2020)10,957 8/, ATLAS-CONF-2022-068 T/
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Higgs spin and CP

ATLAS

EXPERIMENT

e SM Higgs has spin 0 and positive (even) parity (J°F = 0**)
e legacy Run 1 result : spin 1 and 2 hypotheses excluded at > 99.9% CL using H—yy, H—ZZ* and H-WW*
e known sources of CP violation in the SM: complex phases in CKM quark and PMNS neutrino mixing matrices

— SM CPV by itself insufficient to generate the observed matter-antimatter asymmetry in the Universe
— clear motivation to study the CP properties on the Higgs boson

e strategy : measure shape (and rate) effects on CP-sensitive observables
— specific studies for bosonic or fermionic couplings

1 IaY
e effect of CP-odd components on bosonic couplings: — —
P Ping Zyva=Z vvasmT 12 cHV V.
— parametrized as expansion with higher order terms
— suppressed by powers of scale of hew physics A m
;o= .
e fermionic couplings are affected at tree level: fZY ¥ = — < > V/f ( Kf + 17’5’<f) HWf
’ 1%

— measure mixing angle between CP-even and CP-odd components
— study the Higgs interactions with heavier fermions to benefit from their enhanced coupling
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Higgs HVV coupling in VBF (l)

ATLAS

EXPERIMENT

e study of bosonic couplings using VBF H—yy e A A
~ - ATLAS Simulation SM S E

e effective HVV Lagrangian augmented with dimension six CP-odd operators 3 40p ﬁ?fﬁmfb T oot
e strength of CP violation in VBF matrix element via a single parameter: g b E
s :

2 _ 24 97 g 72 2 20 -

202 = |t |+ 2AR( M p My i) + A2 g E E
101 .

( more precisely: d parameter for HISZ basis, € ;{j, for SMEFT Warsaw basis) - .

% 10

e calculate LO matrix elements using 4-momenta of Higgs and VBF jets - Xiv2208. 00338 00
e derive initial-state parton momentum fractions from jet momenta . -
e use the Optimal Observable 0O0: € F ias simiein o :
(2] 60— . —]

g E Vs=13 TeV, 139 fb'1 -=--- SM +BSM (inter. only) E

5 s0r VBFH-ow i e uad

" 3 F d=020 ]

2Re( Mg M p_ o) fw ]

00 = 5 = 3b 3

| s

— no-CP violation scenario : 00 symmetric e e TS

— increasingly CP strength : larger 00 asymmetry and non-zero mean value 08 e 2 02 4 680
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Higgs HVV coupling in VBF (lI)

ATLAS

EXPERIMENT

e select events with =2 photons and =2 tag jets , maximise signal purity using 2 BDTs:

— BDT(VBF/ggF): separate VBF signal from gluon-fusion Higgs production
— BDT(VBF/Continuum): separate VBF signal from continuum diphoton background

e splitinto signal regions using BDT output: Tight-Tight (TT); Loose-Tight (LT); Tight-Loose (TL)

e pure shape analysis — signal normalisation is left floating in the fit to depend only on interference term

— follows standard ATLAS H — yy analysis strategies A — | 9§ e ;
: : : 2 S 2P S=13 Te j1 == SMggF E
_) unblnned IIkelIhOOd ﬁts g O 4-_ ATLAS e % g 04:—;_DT13T \:’g:jgfb —iontiiuumbackgmund ]
. . o - q AL w B F VBF/ggF U _:
— background analytical function 5 [ Vs=13TeV, 139fb" |. . 5§ oW o]
. . . . . = B =l o “r ]
selected to minimize spurious signal St 5 f :
0.2 8 “t ]
> . ——T—T ——T—T . ——— B X 0_1-_ __:"": _:
S e : — > AR | T ] i o S R ]
- % ] G - 1 3 : H--
~ L S - o (- Data — | ~— S | (1 Ermm LS AT P
g - e 13TV, 1301 ] a OF "/‘;TLAS 1 LSEgnaHBackgroun e 0 0001 02 03 04 05
Q40 m, (118, 132] GeV = 5 C Vs=13TeV, 13915 ] B BDTysrcontinuum
g E TT+TL+LT T+\—T+\\—\ E foe) % 25:— TT+TL+LT Total background — L
g 30— —+Data + g ™ o L —— Continuum background - ‘E 0.24 3
2 [ EVEFEM) _+_‘ ] m L 20f L ¢ 022F atLAS BDTygrgerloose 3
S ER - PR & 2 o 0w
5\3 a ] 8 z 15# i ‘é 0:16 LT ‘
T b -y 5 .t I g v ;]
B : =+ 100 -0.4+ 01 P
; F VBF (SM) 1 F 5 - F ) 0.08 ¥
g 10;_ P ~= ¥ —; m - ; 1 I 1 1 1 I 1 1 1 1 006 é _g
o o Civere-om _+_++_+_ E £ | | | o 04 02 0 02 04 s .
© L | L . — — ! D — — ' T | 1 1 1 I ;”‘_E
e ; : 1o 120 130 140 150 160 vi-0208.02338 BDT\gr/ggr O 05 00T 002 03
mw [GeV] BDTygecontinuum
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Higgs HVV coupling in VBF (lll)

ATLAS

EXPERIMENT

e Dbaseline interpretation of the result using the HISZ EFT operator basis = AN e ]
(further tightened through combination with results from the H — 7z channel) S T (5 13ToV, 3613916 s o By o Hor
A L i
20 == Exp. Ho> 1t — Obs.H— 1t |
e results using the Warsaw basis also extracted (for future combinations) ]
155 3
e sensitivity essentially driven by the interference term b >
e no change in results from the quadratic term ]
o ) ) ) EONCT S ) ) 7 S ;

e results are the strongest existing bounds on CP violation in HVV T e I e

0
Table 1: Observed and expected 68% and 95% confidence intervals for d and ¢y Results for scenarios with the _ b
interference-only (noted as ‘inter. only’) term and interference-plus-quadratic terms (noted as ‘inter.+quad.’) are both arXiv:2208.02338

presented. Combined results for d including the H — 77 analysis are shown. The expected results of H — 77 are 4 of T E
slightly different from Ref. due to the different correlation scheme between their signal region and control region. Z = ATLAS 3
x 8K (s =13 TeV, 139 fb' =

<7 VBF H—s yy E

68% (exp.) 95% (exp.) 68% (obs.) 95% (obs.) 65‘ /

= EL e Exp. stat. t. ]

d (inter. only) [-0.027, 0.027] | [=0.055, 0.055] | [-0.011, 0.036] | [~0.032, 0.059] 5 bt voret, -

d (inter.+quad.) [-0.028, 0.028] | [-0.061, 0.060] | [-0.010, 0.040] | [-0.034, 0.071] 95% CL 4f-..... _____ =

d from H — 17 [-0.038, 0.036] - [-0.090, 0.035] - 3F : ’ E
Combined d [-0.022, 0.021] | [-0.046, 0.045] | [-0.012, 0.030] | [-0.034, 0.057] . 2 E

B e 3

¢ g (inter. only) [-0.48, 0.48] [-0.94, 0.94] [-0.16, 0.64] [-0.53, 1.02] Ob i E

-1 -0.5 0 0.5 1
cyw (nter+quad.) | [-0.48, 0.48] [-0.95, 0.95] [-0.15, 0.67] [-0.55, 1.07] c .
HwW
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Higgs Yukawa couplings

ATLAS

EXPERIMENT

e Higgs Yukawa couplings generically decomposed into CP-even ( Kf) and CP-odd (%f) contributions:

My

3Y,f=— S 7 (Kf+l}/5 Kf)Hl//f

e fraction of CP violation in these Yukawa interactions parameterised by a CP mixing angle a.

~ F. Demartin, F. Maltoni, K. Mawatari and M. Zaro,
‘ K ‘ 2 Eur.Phys.J.C 75 (2015) 6, 267
f I(':If f = — —sinla iX, and t<hannel X, at the LHCI3
P 2 2 NLO inclusive cross secuion X
‘ Kf ‘ + Kf - 3lvan fusion @& SM mie X
]

e CP violation in Yukawa interactions probed via top quarks and tau leptons

Ox1o [fP]

— H->T1't
sensitivity to the CP mixing angle a probed through angular/spin correlations

2
10

MadGraphS5_aMCENLO

— Higgs-top:
access via ttH and tH production using both rates and CP-sensitive observables

o 30 6° ar 1207 1507 1807
o
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ATLAS

EXPERIMENT

Sensitivity to CPV from measurement of angle between T lepton decay planes: ¢ .,

Higgs CP with Ha1'1 (I)

— using @* as proxy (due to neutrinos)

Measurement performed in 24 signal categories and 10 control regions
— targeting different decay modes

. . . " ”n . . n*+
Decay plane reconstruction using either IP or “ p plane” methods (decays with/without 1°) 4
b §
Notation Decay mode Branching fraction
D' _l LI | T T T TT | T T TT ‘ T T TT T T T 1T I_ D' [T | ||||| | lllll | IIIIIIIIIIIIIII ]
<0.12- ATLAS Simulation - <0.12- ATLAS Simulation : / v 35.2%
" H— 1t = vy _:_ g:eellljiéoscalar ) " H— 1t — vy _:_ gggll?c;oscalar i 1pOn hEv (7T:tl/) 11.5% (10.8%)
0.1~ p>15Gev.pi>20GeV =P mix (0.=45%). 0.1 p>30cev,pi>20Gev .y GP-mix (0.=45°). 1pln Rl (wiwoy) 25.9% (25.5%)
i ] . e o 1pXn | AT > 27% (#F27%) 10.8% (9.3%)
0.08- - 0.08[~ T I 3p0On 3ty (3rty) 9.8% (9.0%)
0 06:_.:‘-:A_:_—6—_:_+ ey u® " '_: 0.06 e - e Bl _] Decay channel Decay mode combination Method Fraction in all 7-lepton-pair decays
) [ _._""_. "~ A |-+—o— A i - e - - £~1p0On Ip 817
- et -4 L - e ] e 1pln IP- Ta
0.04 il *a ® W Sl il 0.04- o .- - o e EflpI))Xn Isz 7.6%
) i ) ;._—o— -I-. - st i ks ‘_.__.; ¢-3p0n 1P-a, 6.9%
L i r 7 1pOn-1pOn P 1.3%
0.02+ — 0.02- | | | | | 7] ﬁomiln IP-p 2.(7);)
_| L Ll Ll Ll Ll L |_ L1 L1 L1 L1 L1111 L1111 In—-1pln N )
5 60 190 g0 240 200 seo 0 60 120 180 240 300 360  hedThu IpOn_1pXn - 2.5%
. * o 1pln-1pXn 5.6%
¢ [ arXiv:2212.05833 ¢ [l ol S 5 1%
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Higgs CP with Ha1"1 ()

ATLAS

EXPERIMENT

CP mixing angle extracted from a simultaneous fit to all regions

X . X X e S L LS RN R RN R
— exploits shape only information : signal strength floated = 8- # Besti 1o ]
e dominant background (Z—1*1) from dedicated control regions 160 " 2o
e results statistically limited 145 .
— leading systematic uncertainty from jet calibration 120 E
1= s
e Destfitvalue forp_=9+ 16 degrees at 10 (compatible with SM) 08- A
0.6f- Pl =
— pure CP-odd hypothesis (¢_ = 90 degrees) excluded at 3.4 o o amas -
4 Vs=13TeV, 139 fb” B
2 e L e s L L o |7 IS S I I AT I P O
g 10 ATLAS . o 205 (bestt) _Eiiﬁéﬁwé?—; L BT | S I I IR I R LU R R —80-60-40-20 0 20 40 60 80
N E;r: L?Q\J/H139 * -gtlﬁgfgggfgréundszB:céitgntygo); ch - ATLAS —e— Data - Bkg. 3 ¢1 [degrees] g
02 Boost 0 Boost 1 VBF 0 VBF1 | > [ Vs=13TeV, 139 fb" H—1t (¢, = 9°) N SN L S P VNS SN U R S g
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CP measurements in ttH/tH (H-)bl:_>) (1)

ATLAS

EXPERIMENT

e explore CP violation in Higgs-top coupling CP using ttH and tH production

— tWH and tHjb considered as signal
e analysis strategy: event categorisation:

— step I: control (CR) and preliminary signal regions (PSR) defined

— step II: classification BDT (ttH vs tt+jets) used to define final SR (ttH-enrich region) from PSRs
e CP sensitive observables used in PSRs

— exploit angular and kinematic differences in events caused by CP effects

Channel (PSR) | Final SRs and CRs | Classification BDT selection | Fitted observable g ot ‘ ‘ ‘ —DITgieLEplon .
T — § ATLASPreInmmary B f#+321p [J Other M Bkgd+fiH+tH (x/=0.83,a=11°)
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e sensitivity to a and K, from CP- sensitive observables: I
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(and a BDT for the SR, ___ . region) ATLAS-CONF-2022-016
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CP measurements in ttH/tH (H-)bE) ()

ATLAS

EXPERIMENT
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Conclusions

ATLAS

EXPERIMENT

On the Higgs boson mass:
e important effort to calibrate leptons in Run 2 — impressive reduction of systematic uncertainties in H—ZZ*—44%
e the statistical uncertainty remains dominant (as in Run 1)
e will further improve with combination with H—yy using full Run 2 dataset
e ongoing effort towards the final Run 2 photon calibration
e improvements in calibration remain motivated by needs in other physics studies
e i.e. search for new, narrow resonances

On the Higgs boson width:
e room for improvements in the systematic uncertainties (i.e. on background)
e off-shell yields are still limited by statistics
e still room for new physics contributions to the total Higgs width I

Search for CP violation in the Higgs sector is very active

e analyses are probing anomalous contributions in fermionic and boson couplings
measurements in several decay channels accessing CPV effects both in production and decay
all current limits are compatible with SM predictions
some CP-odd couplings are excluded at = 36 (by combinations of multiple measurements)
as a general rule, constraints are statistically limited

Stay tuned for more Run-2 measurements and combination and for Run-3!
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