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channel studies overview
« Studies of Higgs properties

» Beyond the SM?
e Summary
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The Higgs Hunters @ the LHC .

LHC: pp collisions
Luminosity:
5fb! @7 TeVv
20 fb! @ 8 TeV

The ATLAS experiment

- And LHCb...?

b




2012: A Milestone in Pz

Observation of a Higgs Particle at the LHC, after about 40 years
of experimental searches to find it

Events / 3 GeV

The Higgs particle was the last missing particle in the Standard Model
and possibly our portal to physics Beyond the Standard Model
|



Most cited LHC papers so f-

Special Physics Letters B edition
with the ATLAS and CMS CMS
papers on the Higgs Discovery

ﬁevierm —

’ BREAKTHROUGH @ &% \N

| ' fthe YEAR

More than 3000 times
cited so far...




Consequences for our Un-

Important SM parameter — stability of EW vacuum Precise measurements
80 _ _ of the top quark and
: - & first measurements of the
= o .
S s Higgs mass:
E 17 =
] & .-':I’{-"
I TR - ¢ : Our Universe meta-stable ?
§mp ffff"" -; Will the Universe disappear
& _-' lﬂu,f =T Stabili .. . . ?
£  arXiv:1205.6497 ty _: in a Big Slurp? (NBCNEWS.com)
165 EVos e e e e e e e e nccus
115 120 125 130 135 Climnae shane LI S T Carens: | “Vegetative” Patients
Higgs mass M, in GeV

New Physics inevitable?
But at which scale/energy? CR'S'S

IN
...The May Issue... PHY,S|CS

-
Supersymmetry and the Crisis in
Physics&

N. Arkani-Hamed



Higgs Production
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YR1: Inclusive cross sections
YR2: Differential cross sections
YR3: Properties (to appear)
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Processes
*Gluon fusion
e\/ector Boson Fusion
*W/Z associated prod.
*Top associated prod
*B-quark associated prod?
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WW, 77 fusion 9 E 1:
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~ rIggs nunung: vnanne

Processes/decays studied: Il Results released In progress
VH

ttH bbH?

untagged VBF

|

' H-> gamgam
. H->2Z

. H->WW

.~ H->bb
|

|

|

|

H-> tau tau
H-> Zgamma
H-> mumu

H-> invisible

+ more exotic channels

Main decay channel characteristics:

Channel M« range Data used M

(GeV/c?) 7+8 TeV (b resolution
H -> vy 110-150 5.1+19.6 1-2%
H -> tautau 110-145 4.9+19.6 15%

H->bb 110-135 5.0+19.0 10%




Higgs Analyses -

°In summer 2012 we called it a “Higgs-like” particle
In spring 2013 (with 3x more data) we called it a Higgs particle
Spin/parity 0* favored, couplings roughly as in SM for Bosons
What happened Next?

More detailed analyses of the 125 GeV particle, in particular the
search for direct decays into fermions, ttH channel,...

More precise measurements of the “signal strength a/og,,” and

of the mass of the particle, and the spin, couplings

« Searches for Higgs like particles at higher masses

« Searches for exotic, non-SM decays (none found so far)

« Searches for di-Higgs events (in BSM scenarios, none found so far)
 Differential distributions + fiducial volume cross sections

—The Experiments have published Run-| legacy papers

The Higgs is the new playground: Room for new experimental/theoretical ideas!!
Remember: we have already ~1 Million Higgses produced at the LHC
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Higgs —

» Small peaking signal on large QCD falling background

o Signal:
ggH =-88% qqH =~8% VH=-~3%
J q
i
___H
g q \f\
Tag dijets Tag bjets
o Background: «10° 19710 (8 TeV)
2% ows
Yy =~70% et =~30% jetjet=<1% O "BRs unpublished = y-er
ﬁ 1Ok [ jetet
14 sy ] Drel-Yan
. LowBR-~0.2% $ 12EBe ] Hor1 (125 Gev) x5
’ w

o With5.1fb? at 7 TeV, 19.7fb* at § TeV
o For 5M Higgs at my=125 GeV

o CMS can expect around ¥ million Higgs'
o Of which ~1000 decay into two photons (oe=0.5)

+ (lean final state 9 120 140 160 180
m., (GeV)

* Can reconstruct mass with good precision: 772 = \/ 2E1FEy(1 — cosa)

*New —ultimate- calibration of the Electromagnetic Calorimeter,...

eImproved analysis techniques! Unify 7 TeV and 8 TeV analysis




CMS: Higgs —

Inclusive sum of all Sum weighted by
events chosen sensitivity
1 19.7 16" (8 TeV) + 5.1 o' (7 TeV) 1 19.7 " (B TeV) + 5.1 ' (7 TeV)
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arXiv:1407.0558




CMS: Higgs —

Signal Strength:
arXiv:1407.0558

Dataset Significance (obs)

o/ogy; my (GeV)

7 TeV 47c
8 TeV 4.0c
7+8TeV h.70

[J/JSM — 1.147939

0.21
J—rn.m(smt-)

22298 1242

090492 1249

114493 1247

10.09 10.13
“0.05(8yst.) g 09 (th-)] ]
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ATLAS: Higgs

1 T 1 1 I 1 LI 1 I T 1 1 T I 1 T 1 1 I 1 1 T 1
L= a5 TE=TTev ATLAS
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arXiv:1408.7084 Signal strength

o
K= 1.17 = 0.27 For My=125.4 GeV Signal strength u =2a—smd

SM

Especially new calibrations for electromagnetic showers...




The Decay H - Z

ATLAS: arXiv:1408.5191

CMS: arXiv:1312.5353 éuﬁ‘

%10

= = ﬁ'
*Search for a narrow peak in 4-lepton inv. Mass gro*
«Low statistics & background channel e
*Use kinematical discriminators and categories 4+

1u-13

1&-15 i

my, [GeV]

ATLAS: Expected: 60 Observed: 8.1o
U= 1_44+0.40_0.33

CMS: Expected: 6.70 Observed: 6.80
— p=0.93%029,,,

=7 TaV,L=511";i5=8TaeV,L=18.7 o

||||| = = L

b attrid”

my, (GeV)

I I
ATLAS
H—= 228" — 4
=T TeV L =45 &"

fa=8TeV |Lat = 203 "

122 124 126 128 130
m,, [GeV]

Significance is well over 6 standard deviations in this channel




ATLAS: Higgs — Z

Differential distributions (& fiducial cross sections)

arXiv:1408.322

Still limited sensitivity
but shows the potential

ATLAS Prelminary
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ATLAS: Higgs — ZZ

- Large number of observable tested
- Summary in terms of:
- 1st moment of the distributions (Mean)

- 2" moment of the distributions (RMS) H E VV

LN B B B L L L B L B B B B B B L | T T T [ T T T [T T T [T T T [ T T T [T T T [T T[T TT]
| ATLAS Preliminary XH = VBF & VM & iTH | | ATLAS Preliminary
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Iyrrl[fldﬁme?-ﬂf‘ T ::i::m 'ﬂ,'”u:::m,an:‘ S
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== & HRe: + XH
| ) | | s — o
i -t 4 -
He | e | Hy | e
ay ! - lay | ——
“‘n1'| — | luﬂl| el
Icos{g”)l - —— lcos{8")l A
| —— | ———
IMll'l...|...|..-.-|... ...|...|...|...|| I'Ilﬂll’l|||...|...|...|.T.-...|...|...|...|
02 04 06 08 1 12 14 16 18 D2 04 06 08 1 12 14 16 18

Ratio of 1st moment relative to data Hatio of 2nd moment relative to data




The Decay — WW

ATLAS: arXiv:1307.1427 = 6r :
CMS:  arXiv:1312.1129 S o ey e
*Search for events with 2 leptons and i :
missing transverse momentum = '
*Main backgrounds: WW,V+jets,DY,top...
*No mass peak-> broad excess
E soo- ATLAS + Duazortaz01z 3
L S R P _
B 00 oW vk + 01 jets | 07326730 140 150 160 170 180 190 200
* s00 Egm. o E my, [GeV]
:Ezl -- . =i:r:m :% %1025 £MS Preliminary L ey E
200 = b it _f % - \":::“\'.L.uqu - == Median Expected 2
100 - 2 MWW ziz, 01 et | 0
g 100, & Brg. sublracied daks _:E E 10 e
_.él [] SMHiggs basonm_ = 125 G._-'..r: E
= = =t
o
100 120 140 160 180 200 220 240 260 O 1
my [Gev] 2
LY
Ch
ATLAS @125 GeV: Expected: 3.80 Obs: 3.80
— “. =0-99+031_028 107!
CMS @ 125 GeV: Expected: 5.80 Obs: 4.30
100

— u = 0.72+0-20_

0.18



"~ High Mass Search: Hi

arXiv:1407.6583 g ATLAS | me———y
S F E
g = f
No (additional) excess found in - g~ St~ 5G]
the region from 65 to 600 GeV 10 1 E
] :E=BTeV,JLm=21}.3fh'1 ty } .
:g:ru;tinuum+Hﬁt[mx=125Ge‘U] HH H
1(]'1 —— Continuum+H fit (m,, = 250 GeV) T ” k
— CoqunuumsH it (my =p00GeV) L,
100 200 300 400 500 600 700
m,, [GeV]
103 = [ T T r—T1r 7T T——m————————————————1
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_ | 100 ! ~
— . = Observed | ]
102 | | --- Expected | .

[ (]+2¢

95% CL limit on a,, - BR [fb]
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1= i
= | {s=8TeV, |Ldt=2031" s
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High Mass Search: Higgs -

CMS prallmlnar‘y,;L:&.l:ll’n" at 18=7 'I'a".f,J'L=1E.EI’I:|" at 15=h Tay
T —

High mass Higgs “;
searches with SM i
channels WW, ZZ

updated with 2012

statistics

- 7241, 2121, 212q, 212V 1

Sensitivity reaches
now up to ~ 1 TeV

Higgs basan mass (Gl

Interpretation of the R dansiaiataies o aces S b e
. . L i et 3 % F
data in €g EW-SIngIet T :mf::llpmﬁjn;;mm -%#ﬁ ] .g g_ —— 85% C.L.Obsarved Limt
models; Benchmark g eeswlaeany  Be, o4 3 gl
3 C E ; [ =2 o Expected Limt
models proposed by S L WW—212v _; o
the LHC XS WG S0k 4 E_WW -
3 " —lv]e
CMS-PAS-13-008 ﬁmh ' ;
CMS-PAS-13-014 i \ _
CMS-PAS-12-024 | e ]

ATLAS-CONF-2013-067 10" 000 TO0 W B0 M0 e
m, [GeV] Higgs boson mass (GeVic)




95% CL limit on o/og,,

The Decay H

=50fb" {s=8TeV,L=1961"
|IIII|IIIIIIIII|IIII|IIII

CMS (s=7TeV, L
IIIIIIIIIIIIII

352_ HsZy f J'Lm;um";ﬁ}:?'rw | ;g';?ﬁ :
- —— Observed = fl.dt-m.:'im Vs =B TeV o —_
3{};_ B Expected + 10 g :
25¢ ---- Expected +2 & f
B
5
=
E
= d B
— 5_
— & X
:|||I||||I||||I||||I||||I||||I||||I||||_ g ﬂ- bbbttt L e S S
?Eﬂ 125 130 135 140 145 150 155 160 120 125 130 135 140 145 150
CMS: arXiv:1307.5515 m,, (GeV) ATLAS: arXiv:1403.3051 yGel

«Z decays into 2 charged leptons. The BR (H — Z y) is comparable to
BR(H — yy) , but BR (Z — Il) reduces sensitivity (factor 15)
*Search for a narrow lly peak on top of a falling background, as for H — yy

*No significant excess seen over the entire search region

In certain models this channel could be largely enhanced via loops




The Mass of the Ne

Determine the mass from ZZ and 2-photon channels which show a peak!

New calibration & strong effort on systematics

CMS
E Y\l . m:;g::: e o 1? . T‘“;“:‘;”“ : Two-photon and
= |-|'|H-. = + Combinad {stat. only) |
& :* Y 12470 = 0.31 (stat) +0.15 (syst) GeV E .:3 a; :E:%:;ﬁzu—i two Z channel mass
of T e e ; . estimates agree
sE 1 & (within 1.60)
-II;- —f 45
2f E 2f i
£ ERN Mass value is
O s 23 P2 124 12& w e | gbout 125.0 GeV

m,, (GeV)
m,=125.6+0.4|stat ) £0.2(syst | GeV

m, (GeV)
m,,=124.70 +0.31 (stat )+ 0.15 | syst ) GeV

with 0.3 GeV
uncertainty

m, =125.03 0% (stat "o : (syst)=125.03 "% (tot ) GeV

Old value: 125.5 GeV




ATLAS: Higgs M

Use of BDT ZZ
f;. L Ee e T Measurement of the Higgs boson mass

T P e a2
I:lEl?‘"“"“;q:153"'“5'-"“""I'=13‘5'3I % 'lu-: {:l::::iﬁrrﬂ ml: _i
B oo “ Mo messuramant cAlgories — Gigrabnackgrang
B oo zapin o mf
B2 Sysemalic uncedtalnly s
g iF
£
%0 90 100 110 120 130 140 150 160 170 T old
old my, [GeV] 126.8 +0.2 (stat) +0.7 (syst) GeV
+0.6 405
124.3 %53 (stat) g5 (syst) GeV Expected mass shift -450 +/- 350 MeV

124.51 +0.37 (stat) +0.06 (syst) GeV| |125.98 +0.42 (stat) +0.28 (syst) GeV

Analyses improvements - Large improvement on systematics
Categories for mass in the diphoton - Increase in stat uncertainty in diphoton:

- Lower signal rate
BOT-22 Tar FSR corrections Fluctuation of the error (exp. 0.35 GEV)




ATLAS: Higgs

Measurement of the Higgs boson mass
(and signal strengths)

ERE St M e
g5 (5=7TeV fldt=45f" —H-=1v =
% E /5=8TeV [Ldt=20310" — A=z = ]
kT 3 X Bestit =
z - — 68%CL - Note measure channels
E e T — 95% CL ] ]
;ﬁ 2.5F E signal strength
B of- =
: . ¥r
s u =129 +0.30
2 150 = (mpy=12598GeV)
o - -
c 1E = ZZ — +045
i%. - ] H (mjy=124 51GeV) 1.66 -0.38
05 —
:I | 111 1 | | I | | 1111 I | I | | 111 1 | | I | | 1111 I | I | | 111 1 |:
G123 123.5 124 1245 1251255 126 126.5 127 1275 o
ZZ and yy compatibity
Old result: m,, [GeV] A 23409
1255 £0.2 (stat) % (syst) GeV old { m=23x0.
New: ) Compatibility 2.40
12536 £0.37 (stat) £0.18 (syst) GeV Am=147+072

- . . ) Compatibility 1.970
0.3% Precision measurement (statistical uncertainty dominant) 18



Higgs Mass (not offi_

l L l IR J 4 ! | | e |
chaquaraF'mh =0.075 h Am ~ o7
Private Combination = 125.15 = 0.24 GeV _, L0
ATLAS Combined  =125.36 +0.41GeV g
= ] ATLAS
ATLAS Z2* " | | +CMS
ATLAS vy =

CMS Combined = 125.03 = 0.30 GeV 1_

CcMs ZZ* +

CMS &y +§

b by e b b b b by g NOtanOfﬁCiaIreSUIt!
116 118 120 122 124 126 128 130 From E. Gross (7/14)

ATLAS Mass(GeV)
N m, =12536 +0.37 (stat) +0.18 (syst) GeV

Am=14710.72
Compatibility 1.970

CMS o
Am =-0.87
N m, =125.03 77 (stat) 7375 (syst) GeV 038
| | Compatibility 1.60




The Total Width of th

Direct width limits so far 3.4 GeV in ZZ and
Recent History 6.9 GeV in two-photon decays (95% CL)
from the resonance peak measurement
—Dominated by experimental resolution

arXiv:1405.3455

*Until recently it seemed unlikely the LHC could o L 0 1) 20y 126) = 6, M=ty
measure the total Higgs width (~4.2 MeV in SM) R
eIn 2012 it was noted that 7.6% of the Higgs to j AT g
Z7 cross section is above 180 GeV  arXiv:1206.4803 \ — iﬁﬁﬂlﬁ:
*The off-shell contribution is independent of the i :
total width! e
*The ratio of on-shell to off-shell can thus provide
information on the width S
*Interference of the signal with ZZ continuum is et
important and must be taken into account Mgz GV

2012/13: Kauer, Passarino; Caola, Melnikov; Campbell, Ellis, Williams ...

EE2VV

7 idMW ez [(hiGeV]

I

on—peak gégng HZZ off —peak

2
gg—~H—ZZ Ty Ooo sH—77 & gégHgsz




*Study Higgs — ZZ in the 4 charged lepton and 2 charged lepton + 2v decay
*Determine the total Higgs width in the two channels separately
*Use a kinematic discriminant and m; distributions to reduce ZZ continuum

* Reminder : SM predicts :
o [y=4.2MeV

« 95% C.L.Limitson 'y :
+ Expected : 33MeV
» Observed : 22MeV

= 5.4 o[SM -
ICHEP: ATLAS!
ATLAS-CONF-2014-042
—
Combination improves the T/To Observed | Expected
individual limits by ~20% ¢ =1
R B=0.5 48 70

Compatibility between the
observed results and the SM
hypothesis lead to a
p-value of 0.24

Issue with the Theory??




The Total Width of t

CLs limits on Off-Shell signal strength

=4G I|III|IIIIIIIIIIIlIIIlIII III: ﬁ:4ﬂ:lllllllll III|III|III|III III:
¥ ATLAS Prelminary El=1= . — C ATLAS Preliminary =% .
5 B5F 2y combined [1=2= o T OO[ 22vadietl,, g combi =2 e ]
c E-eTsv:flardzoam T ool M 3 (o [ Atemative i ~ - Bpsciedimit [GLs) 1
O 30 {GLE}__ E 30_— TWTy = My 5 1 Mmm—_
:E . = L E=8TeV: Lat3203 " .
= 25 - E 25F =
O . - f .
2 20 = g 20F E
® 15 3 8 15-
10 10F
b 5
G 1 1 1 1 1 G 1 I L1 1 | L1 1 L1 1 | L1 1 I L1 1 | L1 1 | L1 1
06 08 1 12 14 16 18 2 06 08 1 12 14 16 18 2
RS, = Kee=22) RS, = Klee=22)
Klgg—=H—=Z7) " T Klgg—=H—=Z7)
. ...and on the total width
Agnostic to k-factor! .
K, Ky
R=1 (Verified in the soft colinear approximation) Honsheir = r fl-‘su
(G. Passarino) H H

— ASSUMING Woshen = Monshel
95% CL limit obs. (exp.)

Mogtshen < 6.7 (7.9) 95% CL limit obs. (exp.)
rH f'rHSM{ 5.7 {&5} 50

ATLAS-CONF-2014-042




Spin/Parity Stuc-

Combined study of H—-ZZ and H—->WW

«Tested using all diboson channels
*Hypotheses comparison O*/other states

CMS (preliminary) 19.7 0" (8 TeV) + 5.1 ' (7 TeV)
-"h120 [ [ [ [ [ [ [ [ [ [ 1 1
| ®-CMSdam ---Medmneweced ;G G G G f
J’mo_— WMozl MF:to I A S il
S ggf 0'z20  EES:20 A A A
2 U0 023 [ Fi30
E : : : : : :
o

- CMS-PAS-HIG-14-014

always favoured

| % O* hypothesis is
in the comparisor

All “exotic” scenarios excluded scenarios excluded with 99.9% CL

Also CP studies of J=0 state — Results consistent with SM
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The Decay Higgs

ATLAS-CONF-2013-108 . .
CMS: arXiv:1401.5041 Analysis Overview

O Search in ggH, VBF and VH production modes and five di-t final states:
g
« Hott—pp (v7),
T .
¢ < H—o1t—ep (TETF),
r i mamssan
t T

« Ho1t—pthad. (T“Th),

« Ho1t—e+had. (171,),
g ggF H>t't d VBF H->1't d WH>¢qt't « H—>11—had.thad. (t,7,).
(0 Separation in categories to enhance S/B (CMS example):
0-jet 1-jet 2-jet

P, > 100 GeV

Use special reconstruction techniques to improve the Higgs mass resolution



The Decay Higg

I CMS:arXiv:1310.3687

Analysis ATLAS-CONF-2013-79

By far largest number of Higgs decays but
lots of QCD background (jets)

. *Trigger based on leptons and missing E;

o *b-jets identified through displaced tracks
ZH - vvbb v *Go to high p; where Higgs is enhanced
4 *Main background W/Z+jets and top

ATLAS: cut and count CMS: BDTs and
shapes. _

ZH - libb
qQ Z
z*

A

. CERAMN
- e Jun I 025443 2001 CEST
. FamEwert TETHOT ¢ Vai0ar 3 |
V Lurs noctor 134
Dot Crpaadng % 100ME ¢ P25 ]_
H

N % CSV(b,) ~0.92 —

w* P o o
™ — CSV(b,) ~0.99
M |




Higgs Decaying to F

Higgs — tau tau and Higgs — bb

AT ITA:SI_CI{}}IrdIFTEIDIj-IE:]I-l:]I'EI LI I L] LI | L

10

i M

- ATLAS Preliminary
F fLat-zosm?

L ys=0Tey

1i.||||.||||||||||.||..

-3 -2

e
- Mearhryrovmme (-
Bl e et
B At et -
L=4 o _
(320 exp)
o e
log(S / B)
Combined fit
l}I‘I:'.tliii

When combined the significance
observation goes beyond 56> U
ATLAS+CMS discovered H2> 1T

ombined fit

*No narrow mass peak:
eEscaping neutrinos (taus) and jets (b)
e[ arge backgrounds

19.03.14
obs(exp)
_I.I, = 02+:: 0.330'*(1.34] I J ATLAS-CONF-2013-079
_I,I, = 14jf 4.10{3.2) ATLAS-CONF-2013-108
' ATLA
[m, =125.5 GeV]
u= 109:}0: 3.70(3.4) ATLAS-CONF-HIGG-2013-14
u= 1.00$§ 2.10(2.3) L 1 arXiv:1310.3687v2 [hep-ex]
u= 0.78*%% 3.20(3.7) - arXiv:1401.5041v1 [hep-ex]
-0.27 CM s
. [m, =125/GeV]
u= 083:1 '24 3.80(4.4) arXiv:1401.6527v1 [hep-ex]
1 1 I ) 1 1 | [ 1 1 I 1 1 I 1 1 1 | 1
-4 -2 0

4
Signal strength



Higgs — Fermions Co

*The combined H(tt) and H(bb) result establishes a strong evidence for

coupling of the Higgs boson to down-type third generation fermions
Indirect and direct results on ttH coupling also evident for a coupling to
up-type fermions

, Channel " Significance () Best-fit
arXiv:1401.6527 and (my = 125GeV) [ Expected | Observed u
Nature Physics 10 (2014) VH — bb 23 21 10+£05

H - tr 3.7 32 | 078 £027
Combined 14 38 | 0.83+024
E-TW,L-ﬁTh'L.iE-ETE”.L-‘IH—mTH" I:“B ﬁ=?TB'IJ'.L=5ﬂ'.'I'1:'I'E=ETE'U'.L='I‘D-E'EIIJ'I

Syl VH — bb - (exp.) = (obs)
m, =125 GeV g VH = 1T (exp.} - (obs.)
—— VH - bb S qof H—» tc(non-VH)  (exp.) -+ (obs.)
— Ho T g 2 Combined -a (exp.) -=-(obs.)
— Combined £ .

=

T .
0 02 04 06 OB

12 14 16 18



Higgs — pp (e

CMS Prafiminary

*Observing H(up) decay may be the only way to = »F e T
show the non-flavor universal couplings é A= L= 1670 " :
The coupling to charm will be hard to probe € *F H(uu) 7+8 TeV :
*Requires very large statistics for an observation: a g s ]
strong case for the High Luminosity-LHC: HE-LHC Z *t
First searches have been already done 5
ATLAS: n < 7.0 (7.2 expected) @ 95% CL W
CMS: n< 7.4 (5.1 expected) @ 95% CL 2
BR(H—ee) < 1.7x103 @ 95% CL B T
o e CMSPASHIGAZ-007 mGov]
E 40" -:::m CcL Vs=8 TeV 203 10" B *E.;,.,ga : H (EE) 8 TeV -
— [ [+20¢ S ]
?a 3{];— - ngu.uﬁ- .
& 2[1;— = Eﬂ.ﬂ#- —
.mg_ _ gu.uz-— -
07920 125 130 135 140 145 150 T S S S

m,, [GeV]

140

150
my, [GeVic’)




Higgs-Top Associate

I ttH, H-> bb: Select events with top candidates and extra b-quark jets

CMS Praliminary Toedl ToV, La185 M "
Ve H B Pl ATLAS Prefminary ~ D 2012 - e
Frd = B
, a F | L - Sigral s = 1)
T ——— 7 & [ 8 Bachgpound
di 1 Bkg. Uno.
10°E
1-I,'.I:'E—
- wa=A TeV
10°E JL-:[-zn.sm"
| Comb. Single lepton and Dileplon
: TG e it e i R e e e )
i
% e HH =17 + Bhgd.
o ::1 T =) Bk = el :
5 o -

) = +1
CMS using ME 4 <2.9 (exp 3.3) u=067"15 g4 £ar ng signal

ATLAS ft<4.l(exp 2.6) u=1.7%14 gGeen yet, but close?
For the 2015+ run...



Higgs-Top Associated

Various decay modes of the Higgs are considered  arXiv:1408.1682

CME praliminary Lepton+Jots, Difepton, Tau {E=BToV, L=1046Mk"
Probe of the H-top —
Yukawa coupling 5 rom niecied H—bb,tt

12— [ Expected= 1o

L === Expected + 2o
10 N s :

- : CMS: _ |

¥ = H = bb =
# - H =# TT ﬁ HEE“H"E"EE 6: |

T 4
sH=2Z < _1;@
-H-lr'I."-.rn.r'uf—""'ar

95% CL limit on ofnrs“

W
Coo oo b oo o Lo o o Loy e o e oy o 1oy
P'|D 1s 120 125 130 135 140
B my, (GeV)
- L q _ 1
Chis E=7 eV, 5.0-51 i 75= A TaV, 193107 11 CMS hb,tt.ﬂ,W,ZZ F ;¥§E 1953_0‘;3 ; %‘
¥y — I+ ﬂ% g —s— Observed y S . - .-_,. S
bE - = E | S P Expected (sig. in].) .,.,e ..........................
-
: |6
atl- I — 2
e
=]
k<l —_—
£ Same-Sign 21 — < R >
F \./
Combination — —— , - - _ .
-1n|||'|a|||'!5|---=-;|-|2|||$| IEII..‘:_....!IIIEIII“} ?EII"I;IIll:illlli.l.llillll »
= 10 115 120 125 130 35 14E
Best fit a/a,, at m,, = 125.6 GeV T

CMS: n < 4.5 (1.7 expected) @ 95% CL u=2.8+1.0




Single Top + Higgs Pro

Direct coupling to the top quark -> C.=-1 or large cancelations in the SM?

*Cross sections could be surprisingly large if there are deviations from SM
Negative C, gives 15x increased cross section.

*Composite Higgs models heavy t’ -> top + Higgs..

«Study the Higgs decay to two photon decay channel
No events found top + two photon selection
95% upper limit is 4.1 times the expected cross section for C.=-1

CMS-PAS-HIG-14-001

q9 . q9 q q CMS Preliminary, L=19.7 fb' at (s=8 TeV
< RN LR IR AR LR IR LR REREN
w 3 g5: * Data ]
H W H ot [ |tHg(Ct=-1) -
- ’ 0 i B ~ ExtraftH (Ct=-1)
L = 04 ) h
b w b ‘ o X I ttH (125) ]
t e t w i VH (125 :
& 0.3~ - (129 ]
tHq — (t > blv)(H — yy)g withf =e,u 0.2F -
Leading photon with pp = 500w S120 GeV 0 1:_ _:
Subleading photon with pp = 25 GeV ' i
Exactly one lepton (e/ i) with pr = 10 GeV I ; :
At least ome b-jet with pr = 20 GeV | _rl_& P TR I PR P

The hardest jet in the event which is not the b-Jet must have pr > 20 GeV and || = 1 '?ﬂ[] 11[] 120 130 14&} 150 160 170 'iﬂ[]
LD (.25 ) : Diphoton Mass [GeV]







Coupling Measu

Assume the observed signal stems from one narrow resonance.

r Yukawa ° Gauge sector
(0-BR)(ii » H— ff) = 2 & o .\\ ‘©
Ln o’ 'o Mixed
Parametrize deviations w.r.t. the SM in production and decay. This implies precise . i offikammad
knowledge of the SM Higgs. Not considered are BSM acceptance effects. Sown type o. o .o i

® one commeon scale factor
® scale vector and fermion coupling
® custodial symmetry

® new physics in loops

. o BRgm(H =+ X) i
{EI : ER) {Eﬂ' —~+H 'ﬂ'} = ﬁs“(gg —F H:l . BREM{H -3 'nr] . ..P.._..% Hﬁ Hi} = ;hi% e BSM nggs deca‘,fs

i i
Hozz v v CMS-PAS-HIG-14-009
H=yy v v v v

Howw | v v | v [ v .

S = ———— New u_pda_te of_ overall
H—bb 72 ) combination since
HoZy 7 7 spring 2013

H—=pu v v

H—=inv. v v

v Used in the NEW combination




B All Channels in 0verview-

e Qverall signal N 19.7 fo" (8 TeV) + 5.1 16" (7 TeV)
strength H = bb (V] tag) CMS m, = 125 GeV
. . H — bb (itH tag)
1.00 £0.13 LS iG]

1.00 £ 0.09 (stat.) “008 (theo.) £ 0.07 (syst.) H _s yy (VBF tag)
e “theo.”includes H—yr(VHtag)

H — vy (ttH tag) &

QCD scales, H—s WW (0/1 jet)
H— WW (VBF tag)
PDF+a,, UEPS, > W T

and BR H— WW (ttH tag) -
. H— 1t (0/1 jet)
e Perproduction H >t (VBF tag)
i H — 1t (VH tag)
and decay tag: H s 72 (tH tag)

H— ZZ (011 jet)
HoZZ(2jets)| |

o Y?/dof=10.5/16

- — 2 4 B
N value = 0'84 Best fit G."'GSM

(asymptotic)

Overall strength was 0.82 £ 0.15 before ICHEP14 (spring 2013)




Signal Strength per De

e Perdecaytag:

e y2%/dof=0.9/5
p-value = 0.97
(asymptotic)

Combined
u=1001t0.13

H — bb tagged

® u=093+048

H — 7t tagged
u=091+027

H — yy tagged
n=1.13+024

H— WW tagged
p=0.83+021

H— ZZ tagged
u=1.00+029

19.7 o' (8 TeV) + 5.1 fb' (7 TeV)

CMS m,, = 125 GeV

Preliminary

1 1.5 2
Best fit GIUSM




Fermion/Boson u-V

e Group fermion-
related
and vector-
boson-related
production
processes

e Properly
accounts for
composition in
the tagged
categories and
Its uncertainty

u\FBF."u’H

19.7 fb (s TeV) + 5.1 6" (7 TeV)

6 T 1 T T L s —————
- CMS 4+ H — tttagged
. F’reﬁmina.fy + H-—-WWtagged |
s + H-— ZZtagged
4 4 H — bb tagged
- 4+ H—yytagged




Significance of the 4 Prod-

e Simultaneous fit
for 4 production
cross sections,
normalized to
SM

e DecayBR’s
assumed to be
the SM ones.

-2AINnL

-2A0InL

18.7 fio’ (B TeW) + 51167 (7 TeV)

14- CMS |— Otesrved
Prediminary i
120U oy g By Exp. for SM, H |
10 e !
. 6.5 o for ggH |/
: production
HI ]
% 0.5 1 1.5 2
“EIEIH
19787 (8 TeV) + 5.1 ' (7 Tev)
14 CMS — Observed F
Freliminary oy
12 qu' et g B IJ Exp, for SMH _-
10
\ |3.50 for ttH / .
BF . i
production
&t -
"1.' __.‘: /
E: .-'IIII /
_:"-. Pl | i ..
% 2 4 8 8
j'I'IIH

-2AInL

-2AInL

14

100

19.7 17 {B TeV) « 5.1 M (7 TeV)

CMS —r—

Prefiminary |oee- B, o SMIM |1
12 H e Bype By By '

4

"\ | 3.6 o for VBF

8l
.| \| production
4 I"_II \ I | I',' i
2 1
TP, ST A PP
] 1 2 3
I'l"l."EF
10.7 167 (8 Tel) v 5.1 i’ {7 Tew)
14 CMS [—Obesrved |
Preliminary
121 B Myme Py Mo L= Emh;h"H -
10
o |2.70forVH
M | production
i /
: /|
M| |
% 1 2 3
'l'u"H



Coupling Modifi

e Map vector-boson and fermionic couplings into K, and K;
e two-quadrant ¢ and one-quadrant «

CMS Preliminary 19.7 5" (8 TeV) + 5.1 1b” (7 TeV) CMS Preliminary 19.71b" (8 TeV) + 5.1 b (7 TeV)

¥ | 4+ Observed ¢ SM Higgs zi + Observed ¢ SM Higgs




ATLAS: Strength an

10=130+0.12 (stat) +0.10 (th) +0.09 (syst)

ATLAS Preliminary

Total uhcertainty
Bt tobnp

WZH-bb

AF
_ uﬂﬂjil
H — tt (8 TaV data only)

i 0 5
h=14,,

Combined

I'l—th.n _ ]
Bp= T'Wu:a

Combined
w=1300"

417

a=7Tov Lot 4648’ 0.9 0

in =8 TV Lt » 203"

5 1 15 2
Signal strength (1)

New results in preparation...

ATLAS Preliminary
(s=7TeV [Ldt=46-48f0"
s=8TeV JLdt= 203 10"

H-o 1t

L0

= cifl
I
2 3

T T .

v 4;
3"
N
o
£
0.6

0.7 08 09 1

1.1

1.2 13 14 1.5

(M. Kado ICHEP 2014)



Generic Model Te
E

0 Summary of the fits of six 19.7 o7 (8 TeV) + 5.1 fb' (7 TeV)
benchmarks models CMS o 65% CL
probing: ‘

Prelimipary . == 95% CL
11 Fermions and vector bosons. Ky "

0 Custodial symmetry. K,
0 Up/down fermion coupling

ratio. )‘wz

0 BSM in loops: gluons and
photons. }Hq

o
- Extra width: BRBSM. i -*_

O No significance deviations
BRgq), :

0 0.5 1 1.5 2 2.5
A, = K /K, parameter value




ATLAS: Coupling

- Assuming no BSM in the production and decay
- Testing the couplings to up and down type fermions

- AR BT IR e R TR SRS HUGEL L ILRERLF | e 10 S [T N R B LB ELE B 3
= 4gl ATLAS Preminary P ] =] 58 B -
) TRl : =
E : mi?Te‘u‘. Ldt:-t.Er—*l.B.lm : 5 ﬁ ATLAS Preliminary . E
b - \s=8TeV, |Ldi =203 _— fa 4 =7 TW.ILE--!.B—ItBHJ E
- Combinad H— 11.22° WW",72.bb srpected ’ i Vo=8 mf-_[m-zu.a It =
6 ’ ; ] ! 1 : j Combiingd b — vr, Z2°, W, =5, b5 _g
- 1 4 ' Simplitied MSSM [k, k., %] E
ar = 3 : w-Exp 05% CL —Obs. 85%CL
o : 2
i ] 1 =
ﬂ 2 L -h” 5 o L i T e
2 45 1 95 0 05 1 15 2 800 200 400 500 600 700 800 900 1000
R m, [GeV]
- Assuming SM cDupIings‘ tD SM ﬁelds !- _I LI I LI II LILILI II LILLEL II LILILI II LI II LI I LELILEL I TTTT I TTr T I_
. 241 amLas Preliminary . SM =
- Testing the loops! 29F E=TTeV, (Ldt=46481" x Bestfit 3
. .. . - E=8TeV, [Ldi=2031b" — 68% CL ]
- ...and testing the invisible width 2= N E
B 18F Combined H— yy,ZZ", WW" t,bb 95% CL E
1.6 3
Brovuna<41(55)% 196 N 3
E ¢ e 3
. _— 12 ¢ e =
Equivalent limit on total E . e E
width: 3 R ™ E
0.8F e E
r. {?_1 9_3 MEUU-E:_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_:
- inv,und { } 08 089 1 11 12 1 14 15 16 1.7 1
BR,, 9w




Overall ATLAS and C

17.07.14
u"f'f Bl 1'572::
Mow - n= 1_00*:: ATLAS
I.l.ﬂ — u=1 _4ﬁf [m =125.5 GeV]
ombined fit [— u=1.30"""
u\"ﬁ’ — = 1.126ﬂ
IJ'ZZ — u= 100@1’:::
Hww [—u=0820 " cMs
Mo - u=091202" [m =125.7 GeV]
Hop [~ 1 =0.9323
ombined fit [~ n=1.000"" |

L1l 1 1 1 | L1 1 1 1 1 1] 11 | L I L1 | 1
-2 -1.5 -1 -0.5 0 0.5 || 1.5 2
Signal strength




Overall ATLAS and C

17.04.14 ‘
 hwg=084%,  ATLAS el
— Ay =091 CMS
—GEONL,  amAS el
— xp= 0897, CMS
 Ky=115,4 . o P i, S
— kym10(aa cMS
— hpy =0.865  ATLAS =
T Xg=1085;;  ATLAS  Red
— xg = 0897 cMS
=019y,  Amas | s
— x, =115 cMS
. [078115) L1 SRS o 1, SR
— Ay, = 101555 CMS
m L) — 1L R S t:—‘ ................
— Mg =1.0203) cMS
=P 7, 212 R s, (N DR
-Tp..lﬂlséll]llllcnallllﬁllllll lllllllli

-2 -1.5 -1 -0.5 0 0.5 1.5 2
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Exotic Higgs?




Searches for BSM

MSSM neutral Higgs searches
Charged Higgses (single, double...)
Associated production

Double Higgs production

2HDM searches

FCNC tests

Unusual decays (LFV, others...)

No signal reported so far.




Invisible Higgs Decay

Search for invisible Higgs decays using
Z+H > 2 leptons + missing E;
VBF H = 2 jets + missing E;

Possible decay in Dark Matter particles

(if M<M,/2): Higgs Portal Models

4 T_n

Combined result from the three channels
BR(H—invisible)<58%/(44% exp) at 95% CL.

for a Higgs with a mass of 125 GeV  ;1xiv:1404.1344

arXiv:1402.3244

= 2r
o? | CMS 95% CL limits g Ly
~ A— . . =
s 18 Combination of VBF and —— Opserved limit £ b
= - i T . . o b 2 )
7 16 £ZH, H—Invisible Expected limit P
T — Ys=8TeV (VBF + ZH) . 10
H 14— | =18.9-19.7 5! - Expecte'd limit (16) B =
C - 45| R
g 1_2:_ s :71—&-?; (Z(OH only) Expected limit (2c) 10 [ ]
C L=491b 1077 - _.‘,.'---"""“' E=7TeV, [Lat=4B48m' -
i of i (5=8ToV, |Ldt=208f"
E 10°* [ Py, 22" s, s W vk,
08— 11]‘51-— h—s1t, R-shb, Zh—sl+E] Ej
C | [ DAMALIBRA (S8.7% CL)  ATLAS (BE% Cllin  _
06— T R CRESST (25% CL) Higgs portal model:
_ 13-53—_ [ CDMS {85% CL) = Gralar WIMP =
04F - N CoGeNT (80% CLJ “ Majorana WIMP
yl= 1p55 | — XENON10 {90% CL) Gk Veolor WIMP - —
: e .
0-2__| 1 1 1 | 1 1 1 1 | 1 | | 1 | | | | 1 | | 1 | 1 | 1 1 1 1 | 10—5?_‘I-I ...... ; Kooyl ! g : o
15 120 125 130 135 140 1 10 10°
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my [GeV]



MSSM Neutral Higgs

18.7 fiy”" (8 TeW) » 4.8 i (7 Te
L) T I T T T l L

arXiv:1408.3316

«Study of the Neutral Higgs
h/H/A to tau tau
eInclude channels with associated
b-quark production
*No excess found so far ;
—> exclusions (95% CL)

8 8 &8 g

[T miE= o 125.3 Gav |

=

- ﬁssnir_rc“'mri.ﬂp:
e M .“3". 4 .&. 3 .l!“. & .1m
m, [GeV]

CMS nHA-—-n 19.7 16" (B Te¥) 4.9 167 (7 Te
T L} L] L] T L] LI 1 L} L] r l- T 1,

CL(MESM,EM)=0.05;
—— Observed
oo Expocisd
| = io Expected
+ 20 Expacted

m, M scenario;
mhmod+ and mhmod+
scenarios

with modified

stop mixing

[ 777 mi5 e 125.9 Gev|
MSSM m™" scenario 4
e A A ey -~

| 7= I'I'Ih:n“#'lﬁt!ml:
MSSM m[™" scenario -

e 8007000 300 a6 B0 800 7000
m, [GeV] m, [GeV]




MSSM Scenarios

Proposed by Carena et al.,
Eur.Phys.J.C73, 2552 (2013)

Light or heavy scalar Higgs: h or H
compatible with Higgs-like particle discovered at 125 £ 3 GeV

theoretical uncertainty

Mass (GeV) Higgs sector phenomenology

m, max M,~ 135 |stop mixing parameter: X =2 TeV
m, mod* M,;~125 |m, ™ except X, =1.5 TeV compatible w. p g-2
m, ™od- M,~ 125 |m ™** except X,=-1.9 TeV compatible w. B(b—sy)

light-stop | M;~125 | M, ,~340 GeV & suppressed decay mode
stop— top + ¥ — reduced ggH rate

light-stau | M,~125 M
tauphobic| M,~125 |Reduced coupling to down-type fermions

low-myg | M, ~125 |M,=110 GeV
Variation in tanB—p (Higgsino mass parameter)

~ 245 GeV — enhanced H— vy rate

stau




MSSM Neutral Higgs

ar¥Yin/s14NR 1A

aﬂcus hHA—r 16.7 107 (8 Tav) + 4.9 107 (7 Tev) 19,7 167 (8 ToV) + 4,8 167 (7 ToW)
T T T T T T T T L [ 1y L

No excess found so far
—> exclusions (95% CL)

i J ¥ ,-.-::r:-'-- R
12N © [ e 1253 0V
= - MSSM light-stop scenario
600
m, [GeV]
5 7 (8 Tev) + 4.8 10 [T TV}
? i T T 1 T T 1 T L ! s | T
&5 y

More scenarios: = sk |=

see M. Carena et al.
Eur. Phys.].C73, 2552 (2013’

[T mi™ = 126-3 Gav |
MS5M T-phobic scenario

-.nl.-.n.-1--|.
600 800 1000

m, [GeV]




Search for LFV Dec

CMS-PAS-HIG-14-005

Previous best limits on B(H—pt) <~ 10% from reinterpretation
of LHC H— 1t searches and from T—py amvaz0s.1397
— Can do better with first dedicated search

On public demand
from our theory
friends ©

* Consider hadronic (t,) and electron (t,) tau decays
» Same basic event selection and jet categories as SM H—1t
analysis (0-jet, 1-jet, VBF-tag)
* Differences in kinematics
— Harder muon p; spectrum

— A¢ between p, 1, /7,
missing energy vector

Thad Thad
-




. Search for LFV Deca

CMs prellmlnary 19.7fb", (s =8 TeV

Comparable sensitivity w0 Jets LI A B A B B
from all channels 3345‘*‘* (exp) xe o Observed
%olobs) | X Expected _
ut . 1Jet
E-I;?}d% o) - .Expeded:1u
* Observed limit 1.57% (exp. s [ Jewecteaz20
pum,EdetB -
0.75% 1.95% (exp.) .
) e | |
m:E,DJetS
. 1.32% (exp.) '
* Large improvement of 04 loos) | _
. . . ut_, 1 Jet
previous limits 1 6 (61D -
2 .38% (obs.)
3.77% (exp.)
* Background-only 3.84% (0bs)
p-value of 0.007 (2.460) o o e
— Best-fit 1.57% (obs) ' N T I B
+0.400 0 2 4 6 8 10
B(H—pt) = 0.897 37% 95% CL Limit on Br(h—ut), %

Mild excess giving a 2.50 effect... To be watched!!!



ATLAS: hh —»

*No signal expected with the present collected luminosity for this channel
*Select events with 2 b jets and 2 photons. (non-resonant channel)

*5 events within bin of Myy+20y,, and 1.5 expected
which is about 2.4c significance...

:.'I 1“' rr—'+m—r—7/ T T T
m —
o - ATLAS Signal Region .
P arXiv:1406.5053
L —— Fitted Signal + Bkds
E 6 +======= §ingle Higgs Boson + Bkd
Continuum Background

l
||

(A=)

L

A

A=)
T
)
[/=]

o
=]

=
S
D
%_

!

5358880
1

Events / 2.5 GeV

110 120 130 140 150 160
m,, [GeV]



Signal wialkd (en'ing, Jm =125 36 Gew(]

Ol result; ms [Gab]
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Brief Higgs Sum

We know already a lot on this Brand New Higgs Particle!!

CMS 187 i (8 Tev) + S0 & (7 TeY)

a5f

{rﬁ;-

,,,,,,,,,,, _ CMS preiininary 1wim'@Tavi«S1m'? Ty
— Combined yy<IT H
A - ss a3 ¢+ Observed ¢ SMHggs | 5,..f amas —Data
3-8 Tow Lt = 203 L : H— 77 4l _Feg
Bt E nof 7TV JuE-asm =0
..... i fa=BTeV |Lit-20Tn Fat
2015 |
f ' Y
156 0.1 ;] Py
- HE I 1
E ™ fo
0.05 ¥ | y
1231235 124 1245 125 1255 126 1265 127 127, Y590 F 0 5 i0 18

A: 125.4 £0.4 GeV
C: 125.0 +£0.3 GeV

log(L(J" =0%)/ LI =07))

Width =
A: < 24 MeV
C: < 22 MeV
(95%CL)

Couplings are Spin =
within 20% of 0+ preferred
the SM values over 0-,1,2

SM-like behaviour for most properties, but we look of course for anomalies,
i.e. unexpected decay modes or couplings, multi-higgs production...




1EEIEE= =
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= o o
IE= — O

90001753

O

Many questions are still unanswered:

*What explain a Higgs mass ~ 126 GeV?
*What explains the particle mass pattern?
eConnection with Dark Matter?
*Where is the antimatter in the Universe?
®

B

hidden
sector

The Future: Studying the Hig-

Higher Energy in 2015!
LHC lumi upgrade !
Experiment upgrades!!
(Other/new machines?)

6]
= cl d PU Cl

SU(3)exSU(2)xU( 1)y

Higgs quarks
sector leptons



Future Colliders Physics

_'_E
=
=
g
5

Precision measurements
Rare processes

1000 ¢ —— —— T
| ratios of LHC parton luminosities:
t| 14 TeV /8 TeV and 33 TeV /8 TeV

I 99 _

100

=k
=]

—_
g

Properties of the new Higgs boson, precise
determination of its characteristics

High mass reach for new particles and interactions

*Higgs mass precisions
~ 100-200 MeV enough?
*Higgs self-coupling precision
Better than 20% needed?
*Higgs couplings? Few %? Better?
(J. Wells et al., arXiv:1305.6397)




High Luminosity L

Number of Higgs Bosons produced with 3000 fb-?

100000000

B Tota! Events

« Over 100M 10000000 s
Higgs bosons . |

¢« 20K H—=ZZ-l

o 400K W 100000

« 50 H-JIpy b

100000000 H|ggs 100

10
bb m (1w co ag vy WwW 2 &y Jiyy

Factory

10000000

¢« Over 1M in all
major production
a9 VBF WH 2H ttH modes

1000000




"~ High Luminosity LHC

MRATF i CMS Projection
'i - I“- T'.‘v. .]-".."1"1. ﬂ:ll'_l 4] . 'n_m-m Tb ' T T T T T T T T T T T T T T T T T T
L300 1 " extragolaind hom 748 Tov Expected uncertainties on F— 30007 at V5 =14 Tev Scenario 1
- Higgs boson couplings F— 3000 at s=14 TeV Scenario 2
KT 1 1
Ky [——+—
Kg : |
Kb T 1
Ky I | Fermionic couplings
I{"l: 1 1
| | | | | | 1 | | | | | | | 1 | |
0.00 0.05 0.10 0.15
expected uncertainty
0 02 04 06 08 Assumptions on systematic uncertainties
_ A Scenario 1: no change
PRI INCHRMY O SR I Scenario 2: A theory / 2, rest o< 1/JL
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Determine the Higgs couplings to a few % precision...
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Determine the Higgs couplings to a few % precision...



Summary

The discovery has been confirmed with more collisions.
Now: measuring properties, search for other Higgses...

Rare processes now studied: H—>Zy, ttH, (H>up)...

The spin/parity is compatible with a 0* state and not with
(simple) O- or spin 2 states. General fits ongoing...

The mass is ~125 GeV with a precision of order ~0.3%.

Recent: new results on the fermion decay channels.
The significance of the Tt and combined t+b channels is
>30

The couplings to bosons and fermions are consistent
with SM predictions, but these are tested so far up to
~20-30% precision only; Surprises still possible!!

Hunt for ‘unexpected’ decays & processes is going on...
Riit it niet talrae NNIE Aaviiatinn tA el nie tha wiavvg



