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e Operation at up to L=7.5-10**Hz/cm? (LHC Run-2:
2-10%%) to collect up to L., = 3000 fb™

e Up to 200 (~ 37) pp collisions per bunch crossing
at HL-LHC (LHC Run?2)
e Very challenging experimental conditions
e Extensive detector upgrades to operate under

tt simulated event at average
o pile-up of 200
HL-LHC conditions collisions per bunch crossing )



Higgs Physics at (HL-)LHC

ATLAS-CONF-2019-005

* Wide range of Higgs boson couplings explored at LHC ATLAS Prliminary | - roal o = oo o
« Recent observation: ttH production e ) < . o o
* Still unobserved H->uu, H 2Zy decays ww 4 o,
* Many measurements still statistically limited ﬁgfwb ______ ioi
i -
* Precise characterization of the Higgs boson main priority of  |G"™ =1_, e
HL-LHC. With L=3 ab™ : Vo o PR
* Reduced statistical uncertainties oz - o (3
* Reduced experimental systematic uncertainties T = ORI
* Reduced background uncertainties from high-statistics | = = PR
control regions o e
2 0 2 4 6 8
* Crucial to also reduce theory uncertainties Parameter normalized to SM value
* New precision PDF sets including HL-LHC data T AR ;
* Exploit improved experimental precision and enhanced “ L_,/,
forward acceptance of upgraded detectors ; 1:1 o
* Increasing availability of higher order theory calculation: ; o EJ’—
e Crucial to also improve luminosity: aim to 1% precision % .
3 T R T

Collider Energy / TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005/
https://arxiv.org/abs/1902.00134

Higgs measurements@HL-LHC : methods

Recent new projections in the Yellow Report 1902.00134

1. Extrapolations from Run 2 data to 3 ab™!

 Efficiencies, resolutions, fake rates assumed unchanged from the Run 2 values

e assumption is that upgraded detectors compensate pileup effects

2. Analysis of simulated samples with HL-LHC conditions

* Number of pileup interactions p=200

 Upgraded detectors

* Performed for new analysis or significantly improved analysis wrt Run2 ones

* Main scenario in YR for systematic uncertainties (S2):
* Most theoretical uncertainties scaled down by a factor %4
* experimental uncertainties scaled down by VL until they reach a defined lower

limit

* Scenario for comparison: using Run 2 systematic uncertainties (S1)
* |n all cases uncertainties due to the finite number of simulated events are

neglected

Example:
Jet systematics uncertainties expected at HL-LHC

Uncertamity component

Percentage Uncertunty

| Bas=line Fstimate)

Percentnge Uncertmnty
{Optimistic Estimate)

Absolute JTS scale
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0- 1.5%



https://arxiv.org/abs/1902.00134

Higgs couplings: single channels

YR2018 1902.00134

* Projection of combined measurements of Higgs boson YT
couplings using data collected in Run2 CMS w2 et (0
* main production: ggF, VBF, VH, ttH rroieetn e e
* decay modes: yy, ZZ, WW, bb, tt, uu, Zy Olept.  [——H 005 (sta; 006 (52); 007 (1)
VH,H>bb
. . . . 1 Iept. 0.05 (Staf); 0.09 (52);0.16 (51)
* Most channels dominated by systematic uncertainties:
« exception: ttH, H2yy, ZZand VH, H2ZZ, yy 2lopt. |+ 0.08 (Sa; 0.09 (521,010 (1)
* Rare H>puu decay mode expected to be observed
. Combined—+—+— 0.03 (Staf); 0.05 (52); 0.07 (S1)
* and precisely measured!
. 0 01 0.2 03 04 05
* Expected evidence for rare H>Zy decay Expected uncertainty
. . \'§:14ITeV, 3000 b per experiment
[ | Total ATLAS and CMS
—— Statistical HL-LHC Projection
—— Experimental
—— Theory Uncertainty [%]
ATLAS Prefminary ' © T ATLAS Prelminary 7 TotStat Exp Th
sirmmn e HOWY o s s e HDZZ . = UH
H—vy, IyHI<2.5 | Ho 22", |¥||<2_5 | otal at. Syst.
ggF+bbH H=—H 1.00+0.04 (£0.02,+0.03 ) agF ':TH 100+004 (+002,+004 ) gtztﬁ — ‘ 15214622 36
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fop H=—— 1.00 f%_%g(iD,OS,rD,OB) = [ | +023 , +022 +006
| ftH : L 100 55 -020 ' -005 ) GﬁtH — ‘ 10.2 61 7.7 27
e, e [t WSt (M | et Total || stat [ Syst [ sm . . . . .
0.8 0.9 1 1.1 12 13 1.4 Cl e, e s Y ST ; 0 005 01 015 02 025 03
(cxB)/(cxB), 0.6 0.8 1 1.2 14 16 18 Expected relative uncertainty

(oxB)/(ox B)SM


https://arxiv.org/abs/1902.00134

Combined Higgs cross section and BR measurements

Vs =14 TeV, 3000 fb™ per experiment Vs = 14 TeV, 3000 fb™' per experiment
[ ]Total ATLAS and CMS | Total ATLAS and CMS
— Statistical HL-LHC Projection — Statistical HL-LHC Projection
—— Experimental —— Experimental
—— Theory Uncertainty [%] — Theory
Uncertainty [%]
! Tot Stat Exp Th e Tot Stat Exp Th
GggH — 1.6 07 08 12 BW — 26 10 15 19
B B 29 12 15 22
Oyver —_. 3118 13 21 ;
BWW =, 28 1112 23
Owh — 5.7 33 24 40 B" =. 29 14 13 22
| b =
: = 44 15 13 40
O,y ! 42 26 13 341 B :
B" = 82 74 15 30
Oy —- 43 13 18 37 7y 5
: . B~ =— 19.1143 32 122
| I 1 L 1 L I . Y ! ! ! I
0 002 004 006 008 01 012 014 0 005 0.1 0.15 02 0.25
Expected relative uncertainty Expected relative uncertainty

e BR H2pp and BR H>Zy statistically limited

YR2018 1902.00134

e Other branching ratios and cross sections dominated

by theoretical uncertainties


https://arxiv.org/abs/1902.00134
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Combined Higgs coupling measurements

Coupling modifiers for production process or Ratio of coupling modifiers
decay mode j

2 SM 2 i d 7 7

K; =0;/o; or k;=I17/T% . J J
J Jr =0 J SM 2
Cggr = K7, GggF(SM) | __ {3=14TsV. 3000 fo" per experiment
......... Vs = 14 TeV, 3000 fb” per experiment ( [ Total ATLAS and CMS
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Expected uncertainty

Uncertainties on the K's 2-5%, apart fromzy. ~ ° Uncertainties on A; 1.5-4%, apartA,,,

Mostly limited by theoretical uncertainties * A best measured allows to probe new
particles in the H=>vyy loop 7
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Differential cross sections

Projection of H=>yy and H=>ZZ->4|
differential cross sections 1 CMS Projection 3000 fb ! (13 TeV)

< 1OEw/ YR8 syst uncent. (52) H
@ C Ac(p > 600) / 250
Measurement of p;" distribution O Ao(p'> 200) /120
. . @] . Tspasss b ,
* probes perturbative QCD calculations e . Aotpl!>600) / 250
e gives information about (new) particles T~ E { Combinaton -
contributing to the gluon fusion loop % 10°E § Hoob i
* high p; "region sensitive to new physics < josL b How
effects | Hoz o
10 E aMC@NLO, NNLOPS
g EU om 2017- 13
B e s e,
Eﬁ; g 1.5:—
[o 3 k= B — L
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| Hovyy+H—=ZZ =4l DH (GeV)
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I HL-LHC Scaled Sys. + Stat. . . ~
., et __ e Precision ~10% for p ;"> 350 GeV,
gt L e
¢ oéb___—ﬁ statistically limited
' 0 1 2 >3
N.JEI
Precision 5-15% depending on N, bin YR2018 1902.00134 | 8



https://arxiv.org/abs/1902.00134

CP nature of the Higgs boson coupling to tt leptons at HL-LHC

 SM predictions: Higgs boson is scalar JCP =0++
e CP state already probed with many diboson couplings
e CP-odd contributions to the bosonic production/decay

strongly suppressed in many BSM models
* Fermonic decays more sensitive:
* CP-odd contributions at the same level as the CP- y e\ |
even ones
/
SM: ¢.=0 X
L= 8rr(COS(Pr)TT + sin(¢e ) TiysT)h, maximal CPV: ¢,=90 z

* Strategy: Use t2>pv->min’ decay
* measurement of acoplanarity angle 9
between charged and neutral it j
* Sensitive to ¢, of
* Use substructure t information j

;_ ATLAS Preliminary +Namina| =° reso = x1.2 ¥ reso _;

= E.mev.-[ Leit=30000 " —
E  Simulation and Projections from Run 2 data i x1.5 7" reso + x2 n° raso

* Results at HL-LHC:
e Ao, =%18% (£ 33%) with Run2
(twice worse Run2) ° energy resolution
* Pseudoscalar hypothesis excluded even with 1.5

70 resolution 9
ATL-PHYS-PUB-2019-008



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-008/

Higgs Boson width

SM expectation ', =4 MeV
At hadron collides, direct measurement via invariant
mass of products is challenging

e Detector resolution limits precision to ~ 1 GeV

Strategy: Comparison of on- and off-shell rates in
H=>ZZ=->4| can constrain the Higgs boson width
* Assumption: same on shell and off-shell couplings

Current constraints using Run1+Run2 data:
[<14.4 MeV (ATLAS), T < 9.2 MeV (CMS)

Projection to 3ab™:4.1%17( *33) MeV for CMS (ATLAS)
e ATLAS projection of Run 1 analysis, larger theoretical
uncertainties than in CMS projection

Combined constraint 4. 1737 MeV assuming CMS
sensitivity

3000 b (13 TeV)
LI T T ‘ L | T 1T | T 17T | L | L _L
. CMS Projectio _
15 W/ YR18 syst. uncert. (1_=0) 7
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L --- w/ Stat. uncert. only (fai:O)

op
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o 3 __ — No systematics ]
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C \ — Norm+shape systematics
251 -
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0.5r arLas =
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00 02040608 1 12141618 2
u

YR2018 1902.00134 10



https://arxiv.org/abs/1902.00134

Higgs Boson mass

e Current ATLAS+CMS: m, =125.18 +0.16 GeV pdg 2018
 UsingH = ZZ* - 4land H 2y
 H-2>vyy limited by uncertainty on photon energy scale

e Detailed studies for the muons, electrons and photons calibration at HL-HC not yet done
e Precision of 10-20 MeV plausible

YR2018 1902.00134

e ATLAS extrapolation from Run2 m, = 124.79 + 0.36 (stat.) £ 0.05 (syst.) GeV, assuming:
* improvement in L momentum resolution from the new inner tracker
* Improvement in uncertainty in . momentum scale

Aoy (MeV) | Ay (MeV) A (MeV)
Current Detector 52 39 35
1 momentum resolution improvement by 30% or similar 47 30 37
p momentum resolution/scale improvement of 30% / 50% 38 30 24
p momentum resolution/scale improvement 30% / 80% 33 30 14

ATL-PHYS-PUB-2018-054 11



https://arxiv.org/abs/1902.00134
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
http://cdsweb.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf

Differential cross sections: probing Higgs-self coupling

* Single-Higgs production depends on self
coupling via one-loop corrections

* Corrections to the tree-level cross-sections
depend on:

. . F
e production mode - mainly ttH, tH, VH g 99
* kinematics properties of the event f
e Studyon ttH(->vyy) differential cross-section @™
measurement:
. 9 :-4,1<K , <14.1 i '
At 95% CL: -4.1<k , <14.1 if only k, varied YR2018 1902 00134
] CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV)
AR D L B L L B A

1
v

—— w/ YR18 syst. uncert.

CMS Phase-2 Simulation Preliminary 3ab' (14 TeV)

2AInL

------- Stat. uncert. only
—— Sfat + exp. syst. + ggH+VH theo. uncert.

=.
| Hadranic categories only \ . . S
| Leptonic categories only . '. Hadronic categories only
. m _ || _ Expeclation x, = 10 — ' . .
N R | A Expeciation x, = -5 95% CL ' Leptonic categories only
—f= :
L] J'
; \ ’

3

doftH x BR(H-y) / dp
T ||
=N
[s]
T [TTTT[TITT

(fb/GeV)

H
-

........... ttH+tH theo. uncert.

K =1

!

1
| (p>350 GeV)/150 GeV
1

r\JIIII|IIII|II

YH <25 : """""""""" 1 88 CL
= Hoyy: pl >20GeV, Iyl <25 ! L
>=2 jets: pl > 25 GeV, Il <4, atleast one b jet ' -
0_4 | | | | i U 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Py (Gev) K,

12


https://arxiv.org/abs/1902.00134

Higgs-self coupling

Triangle diagram

* Motivation for Higgs-selfcoupling A H
* Shape of Higgs potential _H_./'
* Probe EW Symmetry Breaking mechanism t/b K .. y
* Probe new physics —
S-X-L°R ——-H
* Non-resonant HH production sensitive to A: b A K¢
* rare process of the SM: o(gg—>HH) = 0.1%*c(gg—>H)
e destructive interference between box and Q2o -—-H
Box diagram

triangle diagram

* Strong dependence of inclusive cross section .

and m,, shape on A 0.35 o=

% 030f - Loa-1 ]

20_252_ — NLO,A=1 ]

- 5 0 NLO -2

e SM prediction: £ o015 | :
« ggF: NNLO calculation with finite m, effects at NLO < *°}
. . . . 0.05 F

 -8% wrt YR4, used in previous projections ooobmiie e

300 400 500 600 700 800 900 1000

My [GEV]

Vs [TeV | | NNLOgTy, [fb] | m; unc. | PDF unc. | ag unc. | PDF+ag unc.

14 36.69720% | £2.7% | +21% | +2.1% +3.0%

13

YR2018 1902.00134



https://arxiv.org/abs/1902.00134

Higgs-self coupling: input channels

e HH->bbyy:

Small BR: 291 events with 3ab -1
Low bkg
Photon resolution critical

HH->4b:

Large BR: ~37k events with 3ab*

Large QCD bkg

Large dependence on background

modelling uncertainty

HH->bb1z:

e HH->bbVV (llvv), HH>bbzZZ(ll) projections by CMS only

Sizeable BR: ~8k events with 3ab -1

Relatively low background

Incomplete reconstruction of the event
due to the presence of neutrinos

95% CL exclusion limit on o/,

— Challenging separation from tt and

Drell-Yan bkg

>
[
O]
o
-
2
5
>
w

o N W 0 N e WO

LA L L BN B I
ATLAS Simulation Preliminary 1S = 14 TeV. 3000 ib”

B SM HH-—sbbyy
Hll Single Higgs
[ bbyy
I Reducible
Others
i Stat. Unc.

ATLAS Preliminary
Projection from Run 2 data
Vs =14 TeV, 3000 ib™
HH—bbbb

=== Expected 95% CL limit

------ Statistical uncertainty only

* Background modelling uncertainty == L

[ B
0 0.2
Background modelling uncertainty, relative to current level

TR T S S AN TR SR MR 1
04 0.6 0.8 1 200 400 600

CMS Phase — 2 Simulation Preliminary

— T T
ATLAS Preliminary T mutiiet =
Projection from Run 2 data ==  (all-nadronic) 3
{5 =14 TeV, 3000 fb”!

if (non-all-hadronic) 1
——— SM non-resonant HH—+bbbb 5
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m,, [GeV]

30007 ' (14 TeV)

pom e SM Higgs
- WY

; . VH
— - 77
a
I:5 . i
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0 DY
. Single Top
! -:‘; " 1T
= [ Signal (HH non Resonant)
==

D.002

[HIVEY)

200 3070
h:+ mass [GeV]
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HH production and Higgs-self coupling

Expected significance of HH production
with(without) systematics at HL-LHC
* 40 (4.50) expected with
ATLAS+CMS !

 Measurement of u (SM signal injected):
 ~30% (25%) with (without)
systematics

e Measurement of k , .
* 0.52(0.57) < k, < 1.5 without/with
systematics
e 2" minimum is excluded at 99%
thanks to m, shape information

* Not all channels optimized to measure

Statistical-only Statistical + Systematic

ATLAS CMS ATLAS CMS
HH — bbbb 1.4 1.2 0.61 0.95
HH — bbrr 2.5 1.6 2.1 1.4
HH — bbyy 2.1 1.8 2.0 1.8
HH — bbVV (llvr) 0.59 0.56
HH — bbZZ(4l) 0.37 0.37
combined 3.5 2.8 3.0 2.6

Combined Combined
4.5 4.0

-
5™

—h
=
| I L

-2AIn(L)

99.4% CcL 8

6

95% CL 4

2
68% CL

0

-2

Ka
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ATLAS and CMS HL-LHC prospects

SM HH significance: 4o

01 <ma<2.3[95% CL]
0.5 <r; <1.5[68% CL]

T
|
|
-
1

T L-F ] 11

————————————————————————————

[ %
- — - A—
& %

-1 0 1 2 3 4 5 6 7 8

Ka

3 ab (14 TeV)

—— Combination
-~ bbyy
" bbee

"= bbbb

bbZZ*(41)

-= bbVV(h)
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Higgs coupling to light quarks

Yukawa couplings of the Higgs boson to the first and second
generation quarks
* Run2:only upper limits
* Challenging: Small BR, large hadronic bkg, c-jet tagging
Indirect measurements:
* direct global fits, diff. cross section, width

Inclusive searches: VH, H=>cc. SM BRH2>cc=2.9%
e HL-LHC projection: o(pp - ZH) x B(H = cc) < 6.3 SM

* Exclusive searches: H > J/{y

* SM prediction: BR(H=>J/Y y) ~3 X 107°
* HL-LHC projection: o(pp = H) x B(H = J/y y) < 14 SM

ATL-PHYS-PUB-2015-043/

> S LI
(:5 900:— a;;li.rﬁfaslmulatlon _:
< 800F s=14TeV, 3000167
2 - =
+ segeon 3
+ eoor e

500F [1Z Signal x 10 E

400 H->)/ 'A%

300} E

200F

100F

60 80 100 120 140 160

180

m,,, (GeV)

Light-jet rejection

PhysRevlett.120.211802
T T LA T 05
10° ATLAS Simulation
7 = c efficienc %
\E =13 TeV! LL— cefficiencz ;;"2 0.45
== =: ¢ efficiency 20%
wfe  41% efficiency WP 04
10° 0.35
0.3
0.2
0.15

3 4567810

20 30
b-jet rejection

0.1

iciency

-jet eff

c

10 GeV
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1

HL-LHC projection 3000 fh~
1'272 [ global (95% cL)
K, 11 [ direct search (05% CL)
28

= kinematic (95% CL)
[ width (off-shell, 68% cL)

14 1" width (int., 95% CL)
Ks N I exclusive (95% CL)
3.0 x 10°

3.0 x 10?
3.5 x 102
5.9 %102

Rd

1.4 x 10°

0010 107 108 108
projected coupling limit

ATL-PHYS-PUB-2018016

700 2 c-tags, p? = 150 GeV

00 106 10

— T T
+ Asimov Data

800~ ATLAS Simulation Preliminary .. pre-fit

Vs = 14 TeV, 3000 fb" — Fit Result

M ZH(bb)

mzz

mZw

BZ + jets

[t

— ZH(ct) (100x5M)

ZH, H>cc

lI|||II1||I|I||I|I|IIII|

|||||||||||
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Higgs to invisible decays

. . . o —~ 20 3000 fb™" (14 TeV)
e SM BR H=>invisible =0.1 % 2 “F cmsPhase2 | |

—
= 1 8 — Simulation Preliminary
w

m  Median exp. vs E_':_"“

[T 68% exp.
1 95% exp.
miss

A Median exp. smeared E_r

-
)]

e Run2:BR,, <26 (22%)obs., exp 17(17)% for

ATLAS(CMS)

—e
N

— —
o N
T T T T[T TT T[T

e Experimentally challenging: pile-up effects
degradation in E; M, tagging of VBF jets
e VBF channel most sensitive

At HL-LHC (CMS) B , , < 3.8% at 95% CL
* Limited by syst. exp. uncertainties e 500 950 500 550 400
 Degradation of E; ™S resolution does not Minimum threshold on ET"** (GeV)

impact the sensitivity significantly RS e

o N b O @

95% CL upper limit on ¢ x B(H— inv)/c

0.08= (x,xg‘,xv‘BRm)ﬁt‘.(QS%CL) |
e Assuming same sensitivity of experiments for VH O
. . . . 0.06 [ Y -
and VBF, and using ATLAS projection with VH: e V4
° B, <2.5%at95% CL %004 | | :
003 mwm@
e Using Higgs rate measurements, and assuming 0.0z .
universal Higgs couplings modifiers: B N
0.0 % ‘ -
° BRinv (K==1) < 4_2% (9.96 0.97 0.98 0.?9 1.00 1.01 1.02 17

K
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Searches for additional heavy Higgs states

Search for ¢=>tt decay
MSSM benchmark mode

* Coupling to down-type

quark enhanced

With 3 ab large limit
improvement wrt to Run2
* Especially at high mass

Significant impact of systemat
* Dominated by fake Tt and

high p; T reco+ID

Search for X=>ZZ decay
With 3 ab! X 10 limit
improvement wrt Run2
for my > 1TeV

At HL-LHC still statistically
limited

gluon-gluon fusion

T T T T | T T T | T T T | T T

10 ATLAS Preliminary — Baseline —-- 50 sensitivity
F Projection from Run-2 data [ + 10
- Vs=14Tev, 3000

---- Unreduced sys.
+2¢ ----Stat unc.only 7
Run 2 exp., 36.1 ™"

o xBR(¢ — 77) [pb]

—
<

o(pp = X—Z2Z) [pb]
(=]
s

I
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Anomalous HVV couplings

Amplitude describing the interaction of a spin-0 particle and and two spin-one gauge bosons

KVV 2 —|—KW 2 ) , 1) ~ )
AHVY) ~ [aVV 4 1 qE\ VV)22 T2 | ndyetrety + ayV fud frO wg ) )
1

e Coupling al(a2) describe the tree-level( loop-induced) interaction of a CP even scalar
e Coupling a3 describes the interactions of a CP odd scalar, SM a3 =0

e Aisscale of NP e R (13 Te
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op
Parameter Scenario Projected 95% CL interval
fa3¢08 (¢a3) Only on-shell (—1.8,1.8] x 1074

fagcos(¢a3) On-shell and off-shell| [—1.6,1.6] x 107%
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Runl+Run2 1901.00174.pdf 0, e 05 0 05 1 18 o
4
Parameter Scenario Observed Expected fa3 Cos(¢a3) x10
fazcos (¢3)  on-shell ~ —0.000170-99% [—0.163,0.090]  0.0000F39%1% [—0.082, 0.082]
any I'y 0.0000+29093 [—0.0165,0.0087]  0.0000+3:9%1% [—0.038, 0.038] YR2018 1902.00134

Ty=T3  0.00007555%% [—0.0067,0.0050]  0.000075-5%1% [—0.0098, 0.0098]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012004
https://arxiv.org/abs/1902.00134

Conclusions

The precise determination of Higgs boson properties, and their connection to
electroweak symmetry breaking is a primary target of the HL-LHC physics program

What we expect:

* main Higgs boson couplings at the percent level
* Rare H->uu, H->Zydecays visible

* HH production: sensitivity of 4o

To reach this goal, need to

* reach the expected reduction of experimental and theoretical uncertainties
» face challenging experimental conditions with unprecedented pileup levels
* build new detectors

- Hard and exciting work for the next ~15 years !
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Spin and parity

Amplitude describing the interaction of a spin-0 particle and and two spin-one gauge bosons

-1 2 % % *(1) px(2) 1) Eqvq *(1) p*(2),nv
AXjop > VV) = (glmvﬁlfz + 9o f v (D fr@Dmv 4 gy 1) ;Ex) Az T4 fuw () fo@m )
* Coupling gl(g2) describe the tree-level( loop-induced) interaction of a CP even scalar
* Coupling g4 describes the interactions of a CP odd scalar
* Coupling g3 can be absorbed into g2
* SM prediction, CP-conserving tree-level interaction:g1 >0 and g, 3, =0.
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