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At this conference more than 30 talks were given

| do not attempt to summarize all results in detail and | had to make a selection;
| would in no way be capable of giving justice and fair credit to the fantastic
amount of work presented during the last days

* My apologies to those speakers whose results | have omitted
It is not intended as a reflection of the relative importance !
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In 2012 the Higgs boson was like ...

...... a newborn child in the particle family;

After a long and painful way to discovery the world celebrated the arrival of a

“Higgs-like particle”




After a huge effort from many people over a long time,
we arrived at physics analysis

Calibration
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H — vy v (historical mode)

mum dmtx'du of the intermediate mass Higgs
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Evolution of the excess with time




Evolution of the excess with time
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GAUGE AND HIGGS BOSONS

1P =011~ )

Mass m < 1x 10718 v
Chagag< 1x10-F ¢
Mean life v — Stable

w J=1

Charge = 1 e

Mass m = 80.385 + 0.015 GeV
mz — mw = 104 = 1.6 GeV
My — My = —0.2 £ 0.6 GeV
Full wadth I' = 2.085 4 0,042 GeV

{N_.)=1570 + 0.35
{Nki) =220+0.19
(N,) =092 £ 0.14
(Nchargnd:’ = 19.39 + 0.08

g Py — o(1-
Sran 112P) = 0(17)
Mazs m = 0 14l
SU(3) color octet

Charge =0

Mass m = 91.1876 + 0.0021 GeV 1]

Full width I = 2.4952 + 0.0023 GeV
r(ete) =83.984 + 0.086 MeV (9l

I (invisible) = 499.0 + 1.5 MeV I°l
I'(hadrons) = 1744.4 + 2.0 MeV
Mptp)/r(ete ) = 1.0000 + 0.0028
r(r++=)/r(e*te™) = 1.0019 £ 0.0032 I"]

0

I Higgs Bosons — HO and H* I
H® Mass m = 125.9 + 0.4 GeV

HO signal strengths in different channels [”]
Combined Final States = 1.07 + 026 (S = 1.4)
W W* Final State =088 + 033 (S=11)
Z Z* Final State = 0.89* 230
~~ Final State = 1.65 + 0.33
bb Final State = 0.5+ 2%
7+ 7~ Final State = 0.1 + 0.7
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Steve Meyers (early/2012):

~The first two yéars of £HC operation have produced sensational performance: well
beyond our wildest expectations. The combination of the performance of the LHC
machine, the detectors and the GRID have proven to be a terrific success story in
particle physics." :




Key ingredients to this success story

1. The accelerator

Delivered Luminosity [fb

35;ATLAS Online Luminosity =
- 2010 pp Vs = 7 TeV B
30: 2011 pp \/'s =7 TeV ]
[ == 2012 pp \'s =8 TeV 7]
25 -
20 =
15K =
10 =
5 =
ot 3
¥ S W oct

Month in Year

World record on instantaneous luminosity
on 22. April 2011: 4.7 10%? cm? st
(Tevatron record: 4.0 1032 cm2 s1)

2012: regularly above 6 1032 cm=2s1t
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The key ingredients to this success story

1. The accelerator

2. The detectors

- Working channels > 99%

- Data recording efficiency ~93-94%
- Data quality

- Speed of data analysis

- Had to cope with high luminosity

11



The key ingredients to this success story

1. The accelerator

\s=7TeV 2

2. The detectors

3. Theory, including advances
In Monte Carlo simulation 100 200 300 400 500

1000
M, [GeV]

12



The overwhelming progress in (N)NLO calculations
for signal and background processes
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Standard Model Total Production Cross Section Measurements siatus: July 2014
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The overwhelming progress in (N)NLO calculations
for signal and background processes

*
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The key ingredients to this success stor

The accelerator

The detectors

Theory, including advances

IN Monte Carlo simulation

Analysis Techniques

C AfTrrrrrrrry T T T 1 1 r Trrr | T
S = 3
P :_JIL [ ] Background ot S
g ~ ------ Background (.0} -
u?l 103 L | GUECE P E TR
E HE126) e (i) i
F
10°E E
E 3
£
i’ H-1t
10 ATLAS Preliminary E
'EfLm=2o.3m“ .
F Ys=8TeV
=

log(S / B)

Multivariate Techniques (Neutral networks,
Boosted Decision Trees, ...) € Tevatron

Data-driven background estimates, control
region fits < Tevatron

Statistical methods
(profile likelihood methods)

Energy flow techniques
16



Where do we stand after two years?

What aspects of the Higgs boson have we learned
about in the last two years?

» Clear signals in bosonic decays
» Differential cross-section measurements
« Signals in fermionic decays

» Higgs boson profile:

- Precision mass measurements

- Extensive coupling measurements

- Off-shell behaviour

- Discrete quantum numbers (spin, CP)

» Search for brother or sister particles,
i.e. additional Higgs bosons

17



Couplings to boson \ +

/ LHC analysis + “Signal seen”

/ LHC analysis

igmy
/' H
geF VBF VH ttH
¢ TOION ’ —~— : '.\ " t 9 TR
') ek £ Briici S S ity .
& TR ¢ e aline F'id 1 W Y TN

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

Categorisation in all channels

—> information on production mode
- couplings
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: : : A. Calandri
Signals in the bosonic decay modes A wmassiron
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Categorisation, example H 2> ZZ*-> 4l decays

. . z ‘5 - .
Event categorization: g e SN 0.4
» VT TV Iu.r ~atm' s-;-u‘ . . 0.35
ATLAS Em il \--U-v[w-mm-' P o T Qe patah 0.3
o ’
H—2ZZ*—» 4 BDT vs mass hion
4/ selection °'5§ P
" . 0- ¥ 1®o.15
l BDT variables: E "
= , 0.1
High mass two jets . PT(4I) 05» 1 o.0s
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VBF | PP PPRTE DTNy FUWY SO BWRee
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! ) « Matrix Element e o]
Low mass two jets Discriminant E_ ATLAS Simulation 0.1
W(_) I])H Z(—) ”)H 8 Ho2Z" - 4
] .-.m \\..’Tn"’[.-r-clm . D&xiwm'dfl‘ "0,08
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- ? | -0.06
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i 7 05- ] 0.02
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110 115 120 125 130 135 140
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Matrix-element / multivariate analysis techniques

MELA: Matrix Element Likelihood Analysis:
uses kinematic inputs for
signal to ZZ background discrimination

Z {mllmzlelle2le*lml®1}

'Pbkg(ml, may, 91, 02, q), 0*, @1 |m4£)

MELA = |1+
Psig (m'17 ma, 91 ) 92: CI): 0*7 (I)l |m4[’)

M,, = 121.5 - 130.5 GeV Colours are signal + BG Colours are BG only
U5 =TV LSRG ll’c’IL 1o7m’ 5 =TTV L=S1h" ys=8TeV. L1071 oms (e?ToV, Laftt’ (s=aToV Latarh’
& 9;""1-'-'r """"" TARAN SARAS R | AL MAARR LS -3
o 8'71215<m < 1305 GeV - Data 3
S £ .20)( 1
2} £ X
€ 143 | |7y 2z E
lﬁ = : .mm“- 126 Gev-
2
T
o , J o 1 : . ; i
0 010203 04 05 06 07 0_8 09 1 120 130 140 150 160 170 180 120 130 140 150 180 170 180

D, m,, (GeV) m,, (GeV)
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Events / 10 GeV

Events / 20 GeV

H > WW= lv lv signals

| T e B e RN e Do o e e (B e kG e Eh R e E TR R S SRS Sl

200 4 Data2012

i ATLAS 5o T
\s=8TeV |Ldt=207f" I SM Higgs boson

160 m, = 125 GoV

H->WW*—evev/puvuy + 0 jets

B ww

1l|1IllI1IIIIl}IllllllllllllllllllllllIll

200 250 300
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~#— Data 2012
18- ATLAS L4 Total sig. +bkg.
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14 HVH J —
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300
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Events / 10 GeV

A. Calandri
A. Massironi

cMS 491" (7TeV) + 19.4 " (8 TeV)
‘* data .‘ﬂP m, = 125 GeV
— H—+WW DY+jets
1000 [ gy wjets 10 ww ot
-l wWz.zzovwv
500
0
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5100 | <
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=15
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Summary of “final” Run-1 results

m [GeV] uw - m[GeV] u
ATLAS % CMS
H - vy 126.0 + 0.50 117 £0.27 12470+ 0.34 1.14*026 .

H->ZZ* > 4l 124.51 £ 0.52  1.44%040 ., 12561045 (0.93'029 .

H > WW* > Ivly 125.5* 0.99°031, . 125 %4 (727020

« Signals established with high significance in both experiments

« Signal strengths appear to be well consistent with the Standard Model expectations
(high yy signal yields “normalized”)

» Clear evidence in VBF sub-categories (later)

» Differential distributions measured (later)

* Mass determined with high precision (later)

* non-final results yet, publication in preparation 23



Couplings to fermions ?

Search for H 2 tt and H - bb decays

Search for the rare H - pu decay

24



R. Manzoni

Search for H - t t decays KG Tan

* Achallenging analysis, focus on VBF and “boosted” topologies
* Multivariate analysis in ATLAS
« Complex models to estimate backgrounds
(embedding of Z < t T events, use of control regions, e.g. 0-jet category)
« Complex fit models

0 jet 1jet 2 jet Boosted VBF
(VBF tag) (Large Higgs p1) (VBF tag)
loose tight

low high
boost boost

H— ut,, Ty, ToTh, €M, ML, e€
H = ut, €T, ToTh, U, PY, €6

lowTp: hightp

ZH WH

25



_ _ : R. Manzoni
Clear evidence for H = t t decays in both experiments kg Tan

1 x] c ——r T T T T 1 Trrrry

4.91b" at 7 TeV, 19.7 fb” at 8 TeV S100F T BERA § i g, !

> ® & ]_L‘_ [7] neorgrowas wr00 - H-» 1 VBF + Boosted ;:""”’ el
- I 1 314 1

é 2800 e | e e £ [Laz03m" . Overs 3
= @ 10°F 2 Lot I Sos CELLY =N
E F L L ] . % —i
E 2000 r 1 ) E
° . ] -1 i
% 1500 1025 4.1 Oi = %
- - 1

3 Mt . 4 3
= 10.5. ATLAS Pran‘na‘y .g & [TTTTTTTTTTTTTTTT T Ty 1
= 1000 F fLa=203m" 1 B ol Shioarenn ® i
g i ot § e IS0 TSI O p— 1"
> 1 r ...... —_— ‘

@ 50 | o . W 32 %9 2B —~ WY NN
& ) 2 1 0 1 700 120 140 160 180 200
S o log(S/B) e (GeV]

(7)) 0 100 200 300
m,_, [GeV]

Signal strength (all sub-channels):

-2AInL

ATLAS: u=1.4+5,
CMS:  u=0.78+0.27

my =122+ 7 GeV
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R. Manzoni

Search for H - bb decays KG Tan

sk e/l - e/n
i i Vv
q % Ss.\‘. Z \. e/p q “ h‘:-‘(\'“ w \ ™ Z(W) <
AN - ARY L b A v
W b )‘W‘-"J’*‘?f. b W, b
q / * H ,'\’\‘ q () H “/‘ q P '0.'. H "‘/
b sl =
b

All what was said for H - tt applies here as well;
(challenges, categorization, background normalization, complexity of the fit,...
frustration of students,... )

0-lepton I-lepton 2-lepton
* Require large ET™* and * Require some Er™s* * Require less Ex™*
= | T NISS B - D = - . ~ | N C
corresponding pt1” Use transverse mass Use invariant mass of
» Missing energy and jets between neutrino and the oppositely charged
are back-to-back lepton lepton pair
2 F minary . Jeof > 33007 T
g 180] u‘ﬁm.co-‘ g@‘"‘"” b coF ﬁfsn?:?m g?"""‘ 1 ¢ -cxsn':'x-uo' é?‘.'“”""
E L C (s ehvL=10n e £ O e v Lanson e 722 Z50. 15e EWY.L= 190" T
4 160E PP - VWb =l-i "0: PP e VM b gl-z TTL ppewnimanb Ef::‘:'
% MO:—— | "“E !w'vwn':m ::-'u-nnm
120 . | WC enoen, (vr)
“oof Jooir
k 480"
8o L b
€0, €0, m.
i g . T 3
205 20/ e,
} e p— L .
°.,¢,4, -------- s — ) 0. o
g 1L CaBEIK oY% ~IMC urcert (siat) 25_ S4IK, w08 ~IMC uncert. (stat) 3
-:‘ sl;. "".10~0~.r.‘o;’-"¥0-'—0— - t—Qié : sll l S L B P L S S o e e &
Sosf * 05; L
0 % 00 150 0 % 10 150 00 % o % 100 1% I
M (GeV) M; [GeV) M; [GeV

MAJOR BACKGROUNDS
Z+bb, tt WHjets, tt Z+bb 27



S/(S+B) weighted entries
()]
o

Hints / evidence for H - bb decays

1 T rr?

T L L L] |' L] 1 L T L] [.
_ CMS e Data h
- \s= 7TeV,L=501" glvH 1
- |s= 8TeV,L=1891b" -
~ pp— VH; H— bb Ew 1
- . —— Sub. MC uncert. .

—— VH + VV MC uncert.

4

]

| | 1

]

S ]
- | 1

'é«r ! J—*—“
o S 1 ! -9+

L BN (e B .

0 50 100 150 200 250
m(jj) [GeV]

Signal strength (all sub-channels):

CMS:

u=10% 05

Weighted events after subtraction / 20.0 GeV

ATLAS:

10

- IAITals T T T T I T T T T I T ;‘ lDa;a 51‘2 T T T
B 5 B VH(bb) (u=1.0) ]
- is=8TeV [Ldt=2031b # Diboson

" 0+1+2lep., 243 jets, 2 tags 74 Uncertainty

| Weighted by Higgs S/B

T TR E PTE TR PRI PN
50 100 150 200 250
m,, [GeV]

u=0.517040,




Hints / evidence for H - bb decays

\s=7TeV.L=50f" 1s=8TeV,.L=189M"'

CMS m,, = 125 GeV
VH; H— bb
g;;m n :1 0+05 ATLAS  1s=7TeV, [Ldt=4.7 o \s=8 TeV, [Ldt=20.3 fo"
II]I'IIT'III’I' 'llll"l'llT'I'll’l’llr'Il!llfrrlll"l!]"l
- — tot. =
—— tat tot (stat syst)
Z(vv)H(bb +0.88 (+0.72 +0.50
pE: 1.3 1(0.3 : 2pan b—a—u  0.947 .50 (T088 Z041) -
+0.66 [+050 +043
1 lepton [~ w—o—ed 1177 00 (T048 ~ 037 ) —
Z(I'1")H(bb)
W=08+%10 0 lepton |—  Be=@==ii -0.35° ggg ( tgﬁ fg%—sf ) -
e +040 (+031 +025) _|
Combination 1-e-4 0517 a7 (To30 o22)
W(lv,zv)H(bb) sale g ilawaad gowadloaaalaa i laeaabisvanlagislag
W= 11409 -1 0 1 2 3 4 5 6 7
| I best fit p:cn‘chM for m =125 GeV

2 0 2 4
Best fit u

Signal strength (all sub-channels):

CMS: u=1.0%£ 0.5 ATLAS: w=0.51%040



R. Manzoni

Results on the search for H=> uu KG Tan
CMS Preliminary Combination
K. ] PO T PR T PR T S R S L NS
= T [{s=7TeVL=501" .
% 35(s=8TeVL=19.7 o' -
> (1 Y S S R RSN I RLEL A LIPS SLO8 LT PRIX LI BRI UL [ F R C o
© 107 p -4 Data # MC (stal) ,_3 F L
S E T mer  SEew £ :
2 10k Goatov/ 280 gty @ W § o5 e
g 107 H-ww O 10256 T I :
i S 20f .
- | - -
o C a
$ 15 =
wn - 3
I 4
10 =
50 E
ot Pl ST O | M L
o= - : 120 130 140 150
80 100 120 140 160 180 200 220 240 260 A
Moy [GEV] m,, [GeV/c
my = 125 GeV.:
Observed 95% CL: ATLAS: 7.0 ogy CMS: 7.4 og,
Expected (no Higgs): 7.2 Og), 5.1 ogy

No evidence for “universal” fermion couplings
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Summary of “final” Run-1 results of signal strength

m [GeV] W m [GeV] u
ATLAS % CMS .=
H > yy 126.0+0.50 117 +0.27 12470034  1,14+026 .
H S 77% S 4 124.51£052  1.44*040 . 1256%045  (93+029
H > WW* > Ivlv 125.5* 0.99+031 o 125 + 4 0.727020 4 15
H-> ; 1740 S 2 N 0.78 £ 0.27
H - bb - 0.51%040 ; 1.0+£0.5

* non-final results yet, publication in preparation 31



Differential cross-section measurements

T T

% It A TLAS . dala SYST u"c i '%‘ : L I LI I LI I L I L I L I L I L I L I L :
< i ag-+H Oy + XM S o0.06 ATLAS +data | systunc.
. = Kys = 115 o) f H—zz = 77777 9g—H (MINLO HJ+PS) + X H-
o "> R ——— — C \Fs=8Tevf|_ dt=203 " — ]
s H = VBF + VH + 1t o 0.05F gg—H (PowrEe+PS) + XH
% T, F o el o - [ gg—H (HRes) + XH .
3 o Larmzost & 0.04F ==== XH = VBF+ VH+{IH —
10 .E' © C .
t 0.03+ - .
F T -1
"""""" | ! A -
* 1 0.02 —
102:: == T SEEELTTTETS - — E
c 6‘... ...................... ;... 001__ -]
s | i - .
S 4 C crrrdanmsleerr i e
8 2: e | P S . 0O 20 40 60 80 100 120 140 160 180 200
a 2 ope : '.
pr 0! g  SEEE— P, [GeV]
o A
© 0 20 40 60 80 100 120 140 160 180 200
Py’ [GeV]

* First fiducial, differential cross-section measurements in bosonic channels
« Good agreement within present experimental and theoretical uncertainties,
(... except normalization?)

» Large future potential: probe Higgs boson kinematics, jet activity, VBF contributions,
spin-CP nature, ...
—> could become the “common ground” between experiment and theory for future

measurements
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dos/ dp. [fb/GeV]

data / prediction

Differential cross-section measurements (cont.)

Y 71 | L2 T Y —— | PR | —— T ™ T
ATLA -¢- data syst. unc.
(‘“ 09—+H (MINLO HJ+PYB) + XH
(Klnx=1‘54) ]
==+ XH = VBF « VH + ttH —
v S
()
(O]
s
e
ko)
'—
10'F l = S
T Hoyy, s=8TeV \.9
- ,[Ldl=20.31b" I .8
0-. P | L .V...l..l..x<
0 20 40 80 100 120 140

P’ [GeV]

G. Artoni

T T T I T T T I T T T I T T T I T T T I T T T I T T L=
- ATLAS ~+-data syst. unc. ]
0.05 H—2zz" ~4 } 777) 99—H (MINLO HJ+PS) + X H
- Vs=8TeV f Ldt=203fb 69~H (PownzasP) + XH
0.04— “=--XH = VBF+VH+fiH ]
0.03 Z -
o. o 2 - RRRRRRARRRRRRY _:
0.01 \ -
;-|—1--|- -|--|--|-T-|--:-|--|--|-|-|--|-'|--|--|'-l--|-'|--|-4-|--|-|--:

0 20 40 60 80 100 120 140
Py GV
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The Higgs Boson Profile

Rt
3| 3
E —
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The Higgs Boson Profile

Channel/

Measurement ZZ 1T
Mass / /
conine: ' NN A
N DﬂShEH i A—— / : /
Behaviour

Spin-Parity / / ]

Significant contribution of this channel to the measurement
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A. Martelli
Measurement of the Higgs-boson mass  R.Turra

* Huge calibration effort by both collaborations to fix the lepton (e,u) and photon
energy scales as function of prand n

» Impressive accuracy reached (high statistics Z, Y, J/y samples, high performance
tracking detectors, redundancy (ATLAS muon svstem)

DD Tt e S T L6 R
e 10057 T T Ty E§ 0.003F 3
= E = 2 C
E 1004F  ATLAS ®Z—un E = :
= E Data 2012, {s=8 TeV 0Y — uu 3 — 0.002
5= 1.003F CB muons v Jv — = |
& g Y = un E < :
1.002F = 85 0.00—<Tame—
E = 4 —
1.0015 5 » S ]. ———
1* = = 0.000 : & l
= = ol
E S .0.004 . —+ & 7 hl00.24
0.999E E E [ | | ¢ Y., m0007
0.998 = -0.002 SR b Y, m1524
E E i I Wy 0.0-0.4
0'9975 § 3 -0.003; b, by 0.8-1.2
0.996F Jra=203m 3 b, il 1,620
E E 0004t liaaal il | W e
0995"2‘1(‘)%2" 0'0040 10 20 30 40 50 60 70
n of the leading muon » Muon P, (GeV)
Impressive accuracy
cMs BooTev.L- 197"
Q0-02_“1““\“"\‘”w“‘w”_‘“\_‘”w‘”w”www; reaChed 80-004""".”*"1*" T %
< o Jhy — e*e’ B o
3 £ Elect nl<O. =
c<,], 0.0155_ ectrons, nl<0.60 P E E 0.003
0.01;— Calibration uncertainty_; 01 i 03% _g; 0.002F =
0.005F 3 0.001 '
= + ] y O s
o et 3 o115 l
E L] = =a
E = §Eﬁ o [t :
-0.005F — T .0.001 51 g R t 2z wooo0s -
ool ; (huge effort) S W=} 2 wosis 3
ot : 0002F 1Tl R %
00155 AtLAS \s=8 TeV det 20.3 o' -0.003- 44 ® v, H0015 I
_002:“\HH\HH\HH\HH\HH\ Ll e * J"“HUO“’}‘
02553040 50 60 70 80 90 100 '0'0040““16'“2'0'"5(5“116“56“6(5-”70

E; [GeV] Electron P, (GeV) 36



A. Martelli
Measurement of the Higgs-boson mass R Tura

197" (8 TeV) + 5.1 fb' (7 TeV)
Y YYT'TYﬂ > - —————— - —————— vy

< 7_vlvvvvlvvvvyvvvvlvvvrTvvvavvvavvrvrvrvv]vvvvl_‘ =] 10;'r""7‘r'VrT‘TFW ._\--~‘ :
£ I ATLAS —— Combined yy+4l c o CMS Combined |
o 5=7TeV [Ldt=45®m" = 9 i — H—=y lagged
BT L L il —Ho7y - < | Preliminary
F \S=8TeV [Lot=203 M’ —_—HoZZ oAl 4 ~ 8 Hobyy + His 22 | ——H-+2Ztagged
5:_ ------ without systemalics _: ' 7- u“.,: (QgH, 1tH),
E : / E ‘;.__('\’/Bf',vm
4f H A ¥ 6
E A-‘// - 5t
] /. : \\\// / :
: : 2 ;
- N S . ._.h -
1'- oy ] 1 -
OPJJLAAAILLAAIAA fus N AA. l "LLLAAA,\IAAALI-' LA AA LA Lasias A ATTPTITIT
123 1235 124 1245 125 1255 126 126.5 127 1275 ?23 124 125 126 127

my [GeV]

« Systematic uncertainties reduced by a factor of ~3
* my and m, as independent nuisance parameters
» ely energy scale fully correlated

ATLAS:  m, =125.36 + 0.37 (stat) + 0.18 (syst) GeV

« Compatibility between channels 2.0c (ATLAS) and 1.60 (CMS)

» Future: further reduction of statistical and systematic uncertainties !
“modest requirements” from theory side; but parametric uncertainty in Higgs
sector, e.g. branching ratios at 125 GeV 37



Towards ’J—[iggs ‘Boson Cou]o[ings
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7,22 WW* Tt
VBF+VH

w

2In A

—_
o

Gluon fusion versus vector boson fusion

[oe]

(o))

N

24
22
20
18
16
14
12
10

onNn b~ o

Hongtao Yang

André David

19.7 o' (8 TeV) + 5.1 ib' (7 Tev)

=125 GeV
Combined CMS -
p=100t0.13 Preﬁm!'nafy

Untagged

p=087+0.18

VBF tagged
p=1.144% 0.27

VH tagged
j =089+ 0.38

tiH tagged
p=276+099

o,ll,l.

———————— ————
+ Standard Model ., ATLAS Preliminary N
X Best fit h ~ ]
— 68% CL : “. Vs=7TeV [Ldt=4.6-48f0"
--- 95% CL ' “ Vs=8TeV [Ldt=20.3fb" -
—H-—yy _]
—H—>ZZ" >4 _
—H—= WW* — v -
H— 1t ;
m,, = 125.5 GeV ; ]
Lo o b by b b b v v by by 0 |
-2 -1 0 1 2 3 4 5 6
Myy,ZZ*,WW*,‘lﬂ:
ggF+ttH
:IIIIIIIIIIIIIIIIIIIII.II.IIIIIIIIIIIIIIIIII:
= ATLAS Preliminary =
- fs=7TeV [Ldt=46-48fb" =
= fs=8TeV [Ldt=20.3fb" E
5_ m, = 125.5 GeV 4 1 O _5
E — combined 3
= --- SM expected ~
R I I N P A I T e
-5 0 05 1 15 2 25 3 35

I'u

“VBF ggF+ttH

ATLAS + CMS:

Evidence for all Higgs boson
production modes

3 4
Best fit 6/0g,,
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H - yy VBF candidate event

N~ WATLAS

35> = 017 A EXPERIMENT

126.9 GeV

E+(v4)
E+(v2)
m, =

Run Number: 204769, Event Number: 24947130

E (Jet ) — 121 6 GeV N = _2 90 Date: 2012-06-10 08:17:12 UTC
T 1 . ’ 3

E(jet,) = 82.8 GeV, n = 2.72

m. = 1.67 TeV




Higgs boson couplings

Production and decay involve several couplings

Production:

Decays: e.g H - yy (good example) AL 4 =
(Decay widths depends on W and top-coupling,
destructive interference)

Benchmarks defined by LHC cross section working group (leading-order tree-level

framework):

- Signals observed originate from a single resonance,;
(mass assumed here is 125.5 GeV)

[y i, f = initial, final state
Iy, Ty = partial, total width

a;-

[

oc-B(i—->H- f)=

Narrow width approximation: - rates for given channels can be decomposed as:

- Madifications to coupling strength are considered (coupling scale factors «),

tensor structure of Lagrangian assumed as in Standard Model
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Fermion vs. vector-boson coupling scale factors 20”9?30 hang
: ndré David
- in the LO k-framework-

2
w ETTTT T'FlTT]TTTITTI?T]TT!!ITIY‘J] 111111111111 T )
L7 - 2 J
4 ATLAS Preliminary E,Hjﬁ’%’hﬂjﬁfw = - CMS Preliminary 19.7 1b" (8 TeV) + 5.1 b (7 TeV)
© \s=7TeV|Ldt=46-481" #H — vy mCombined - .+ Observed ¢ SM Higgs
3~ \s=8TeV Ldt=2031" + SM x BestFit 2+ 99
= vt \ . |
- (8 : 3 I
2:H-)1:': . ,‘! _ = s
= " : o : : 1
1= 3 = [
OB E 0
-1 g
-2F I - Ar
:lnnnllllillnnljlixin||_11||||11J_1.1_11_11_l_1{||1|1|1z11:
06 07 08 09 1 11 12 13 14 15 16 -
2
Ky 0

- Good agreement with Standard Model expectation

- Degeneracy between rel. sign broken by H = vy
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ATLAS Preliminary

Total uncertainty

Summary of ATLAS results for various scenarios

my = 125.5 GeV + 1o + 20
Model: ky, k¢ : \;
Pg,=10% +0.08 E
Ky=1.19_7 ss —— e L\ [ —
_ +0.17 : ;
kp=0.99707 1 / T
Model: A, Ky |
Pey=10% +0.14 : : “
Mey=0.860 15| ~.1d
Model: Ay, Ay K7 : ; \
Pgy=19% +0.14 E E \
kWZ—0.94_O_29 e 19
Model: ., Ay, Kuo : :
P, =20% Ay € ; ;
[-1.24,-0.81]U[0.78,1.15] |-\ | Ao
Model:xlq,kvq,xqq ] :
P, =15% M €
[-1.48,-0.99]U[0.99,1.50] |\
Model: kg, k, :
pSM=9°/° _ +0.15
Kg=1.08_ . e S —— 1
_ +0.15 : :
KY_1 A 9_0_12 T T e — l . .10
Model: kg, x,, Bi’u
pSM=18°/° +0.29 : BRl,u°<O41
BRi.,U._-O.1 6_030 e | N : Fo @?51/0 ,CIT : ,1 Q|

\s=7TeV [Ldt=4.6-4.8 b
\s=8TeV [Ldt=20.3 b

Parameter value

Hongtao Yang

Fermion and vector boson
scale factors

Test of custodial symmetry

Up- to down-type quark couplings

Lepton / quark couplings

Contributions to ggF production
and gg decay loops

Invisible and undetectable decays
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Summary of CMS results for various scenarios o Siegand

A

o Summary of the fits of six 19.7 fo (8 TeV) + 5.1 fi5' (7 TeV)
benchmarks models CMS - 65% CL
probing: Preliminary . == 95% CL
o Fermions and vector bosons. Ky :

0 Custodial symmetry. K, o
o1 Up/down fermion coupling |
ratio. Mz -"'—:
0 Lepton/quark coupling ratio. A, i —
u '
1 BSM in loops: gluons and :
photons. Mg e e
0 Extra width: BRggy. K ————

o No significance deviations

from SM. oy B —
BResu sl iscvalens,
0 0.5 1 1.5 2 2.5

Ay = Ky /K, parameter value



Hongtao Yang

Ratio of couplings, generic model André David
ATLAS Preliminary Total uncertainty
my = 125.5 GeV + 1o + 20
MOGel: 2. ;. Az Mg hog s Mg K g 19.7fb" (8 TeV) + 5.1 fo' (7 TeV)
pSM=21°/° - )
i =1.02077] ‘ - CMS = 68% CL
A /A — Preliminatry == 95% CL
2“ K ’
[hyy1=0.80"%1% | \L E - ')
_0_14!““1“‘74‘[““]“10 :
| ‘ e Mz e
_ +0.4 |; : :
I;\-bzl—o's_o_g, |_. ) ,-% . R B | 19 A‘Zg .'*'
: R !
_ +0.22 [: : '
D‘Tzl‘o'go_omsi R R | R ;\’bZ e !
Z N .
In,1=0.73"22 \J | 5 vZ :
=016 || (| R R 19 '
lrz l*'
_A N2 :
i o o " :
! % ; tg - e —— —
! . 20 IlI]IlIlIIIIIII]I]I]I]IIIIIIIIIIII
IKgZI=1.18ig:1;i | ‘ o D 085 1 15 2 25 89 &5
0 05 1 15 2o parameter value
ls=7TeV [Ldt=46-4.8 b Parameter value

ls=8TeV [Ldt=20.31b"

« Coupling scale factors to W, Z, t, b, and t are treated independently;
» Effective scale factors for the gg > H and H - yy loops
» Only ratios of couplings accessible 45



Spin and CP | @

Wolfgang Pauli und Niels Bohr bei der
wissenschaftlichen Untersuchung

der Kreiselbewegung

(1952, anlasslich der Ero6ffnung des Instituts
fur Theoretische Physik in Lund / Schweden)

/

 |f Standard Model Higgs boson: JP = 0*

—> strategy is to falsify other hypotheses
(0% 17 158 245 2.5)

Spin 1: dis-favoured by observed
H - yy decays, Landau-Yang theorem

Spin 2: consider graviton-like tensor,
equivalent to a Kaluza-Klein graviton

« Angular distributions of final state
particles show sensitivity to spin

46



Meng Xiao
Johannes Mattmann

Result on different J°P hypothesis tests

ATLAS
H— yy ® Data
Vs=8TeV [Ldt=20.7 fb"

v CL, expected
H—27" -4 assuming JP =0"
(s=7TeV [Lat=461fb" B

Vs=8TeV [Ldt=20.7 fb"

H — WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb"

19.7 0" (8 Tav) « 51 1" (7 Tev)
-cithdm -~ desmesens || | B |
Wo:c WSt | | |21~
o =20 MSs+20 ; i i : i i i :
0':3(:’ R .f:SG

(from CMS-PAS-HIG-14-014)

Are theorists satisfied? Can we stop looking at spin-2 models? 47



Meng Xiao
Johannes Mattmann

Phenomenology of anomalous couplings: spin O

Interaction between a spin 0 Higgs and two gauge bosons V1, V2 (Z, W, v, Q),

expansion up to g2

g* and higher orders not considered assuming small anomalous couplings

V1Va

V1Va

2.2
AHV V) ~ |aYiVe 4 B0

(A)

2
Qva | 2 ViVa px(V Va)av | ViVa px(Vy) F(Va),uv
miel €l +ay! zf,“(, 1) p(Va) +ag’ 2fm(/ 1) f(Va).p

A4 term
leading momentum expansion

SM value for couplings

as term
CP odd state

a» term
CP even state

ay q°/A} as as
HZZ(WW) 103-10"2 103-10"2 <1071
HZry 103-10"2  ~0.0035 <1071
Hryy - ~ -0.004 =157
Mesuarements

1) hypothesis test, pure 0 (as), On* (a2) states
CMS: 99.9% (0°), 95% CL (On*)

ATLAS: 97.8% CL (0)
Phys.Lett. B726 (2013) 120-144

2) measure 11 anomalous couplings
(10 in CMS-PAS-HIG-14-014 + 1 new)

Phys.Rev.Lett. 110 (2013) 081803
Phys.Rev. D89 (2014) 092007




beautiful new results from CMS Meng Xiao

2
CMS results: HWW, HZy, Hyy anomalous couplings

CMS Pretminary 19.7 67 (8 TeV) + 518" (7 TeV) CMS (peliminary) 1970 (8 TeV) + 6.1 I0' (7 BV) ., CMS c:-inhuy) 19.7 5 (8 TeV)

2AInL

é 45’-. LA T [ Ll L Al l’ L3 LA Al l' Ll LA} T é "- Ll L) T LN B B ' | pen ) T [ Ll L | Ll
o - — ¢"~0 or x, Obsarved o s -—Expected
25 < 4of - < 3s5fF >
Wee T N ¢k —Observed 1
35k i ‘:-ch Expacied 3 I bt
C 30 : 25fF -
15F s - of 3
n : 20F 3 : ]
1 - s 3 L F
s 15F = T ]
05 3 102- _i 't —
: sE il o M 3
] 3 " prpeg u o T ;
-1 05 o 05 1 -+ —x-Tr+tr [ TSR I T |
Z 2 -1 05 0 05 1 - . 0.5 1
COS(®,) fzcos(6”) fe¥cos(o_)
Parameter Ohserved Expected vy =1vs 0
Woos(6¥V)  0.6413% [-1.00,0.44)  0.00+93 [~1.00,0.43] 100% (81%) - areal, ¢=0,n
U[0.49, 1.00] U[0.48, 1.00]
HWW  fWWoas(o™WV) 044433 [-1.00,-0.58] 0.00+593 [-1.00, -0.56] 100% (50%) . .
U[-0.25, 1.00] U[-0.24,1.00] + Consistent with SM
TEW cos(iV)  —0.03+372 [-1.00,1.00]  0.00+} 5] [-1.00,1.00] 26% (56%)
° i o .3
f Yeos(62])  —027*934 _1.00,1.00] 0.00*253 [1.00,1.00] %% (16%) H->4l from pure HZy", Hy"y" excluded
HZy  f% cm(qbng) 000423 (_049,046] 000*2%! 078,079  <0.01% (0.01%) at > 99.99% CL
12 cos(827) 002*8 ';‘; [-0.40,051] 000132} [-0.75.0.75]  <0.01% (<0.01%)
Hyy  fJcos(dl]) —012:04 [-051.004] 000+0% [-0.34,082] <0.01% (<0.01%) More plots for all the other

127 cos(S13 0.02323 (-0.32,035]  0.00*31! -0.40,037] <0.01% (<0.01%) parameters in backup n




CMS results summary pik Lo M

[ HWW+ZZ, aZ=a"W

Parameter Observed “Expected 7Y =1vs0
farcos(éa;)  0.207017 [-0.61,0.38] 0.00701° [-1,027]U[0.95,1]  0.86% (13%)
fancos(dan)  —0.0113-03 [—0.11,0.28) 0.00*3:03 [—0.08,0.55] 0.07% (0.31%)
faacos(daz)  0.0010:07 [-0.26,0.26] 0.00*9:21 [-0.54,0.54] <0.01% (0.09%)
CMS Preliminary 19.7 107 (8 TeV) + 5.1 6™ (7 TeV)

— Consistent with 82/'2 e | Region not excluded in either HZZ or HWW
— when assuming ai““ = ai Constraint from HZZ HWW correlation
—pure Op* excluded at 99.93% CL '

—pure 0" excluded at 99.99% CL

« A good start to investigate the CP-structure
* Limited by number of events

» Potential in Run-2, including fermionic channels &



Off-shell cross sections, Higgs boson width

In the resonance region the “on-
shell" cross section is dominated
by the width.

2
G o o 9: 95
—X—
Z f [y

10-!
8 TeV

102

HTO powered by complex - pole - scheme

103

[ pb)

10

2 do
Vv dMVV

| o

100 2M; 2 M, 1000
MVV [ GeV]

N. Kauer and G. Passarino, JHEP 08 (2012) 116

C. Williams
S. Hoeche
C. Charlon

1
+ il x Mx

Away from the resonance
region, the “off-shell” cross
section does not depend on
the width.

f 9.2
U'?iX—)f ~ 9: 95



Experimental results

CMS PLB 736 (2014) 64
CMS 19.7 " (8 TeV) + 5.1 Ib” (7 TeV)
'é’ 10} —— 4! observed
q e 4 expected
ql — 22y + UQ__

O Ovibined 22 chishved
-------- Combined ZZ expected
6
L H—»2Z
4.—
2._
0 m-»'-:‘?'"i' PR R U T
0 10 20 30 40 50 60
| [y<22 MeV Iy (MeV)

Interesting Idea

» Off-shell cross sections can be used to
constrain the couplings
(ATLAS p-off-shell < 6.7)

« Bounds on width obtained by rescaling the
SM - sensitivity to values of 5-7 SM values

» Future: improved calculations in off-shell region needed

interpretation in Effective Field Theory?

it. 20

C. Charlon

SM
H

& 8

[ 2R2vadlaal, ., combined
L Alernatie hypothesis:
TYTR Hongren ™ 1

E \s=8Tev: fldt=2031"

3.8 8

E | DgTy™<5.7

95% CL limiton I', / T

e -
L L L

PR W B ' |

WL L e e ey e
- ATLAS preliminary B =w
[_/!20
Expected limit (CLs)
— Onserved fimit (CLs)

% |

ATLAS-CONF-2014-042

o T

12 1.4
Rp. =

06 08 1

16 18 2

Roo-F--22

401

- ATLAS prelminary =8
35 212vs4/ combined —
F 1s=8Tev: [Lat=203M0"

30_—
25

Wofr.sherr 0.7

95% CL limiton p g .,

20

T T rTYTTTTTY

2 W 4
220 -
Expected imit (CLs) |
Observed kit (CLs) |

—

—

Lol ool oa ol sl ool
06 08 1 12 14
Ry

i Lais sl g
16 18 2. W
Klag—~22)

R(99"i F=2Z2)
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R. Wolf
M. Hoffmann

Additional Higgs Bosons ?

All canonical searches (¢ =2 tt,¢ =2 bb, H* 2> tv, .... done)

Additional searches for exotic decays, e.g. h - T started

Change in interpretation paradigm: h(125 GeV) Higgs boson should be
taken into account in model interpretations, e.g. MSSM

» Explicit prediction for three neutral Higgs bosons:

“If\ m,=500GeV
&socn@sln,g,A'.:-; e 1'9.7'lb"(stoV!.4l.9'P- g.nvi : tanB:—]S
E CLS(NSSM.SN)(ODS: : "'y
50 w— Observed —\’ 'y
+ %o Expected :
40 20 Expected | | E
30 E ol 3
20 * Note: h(125) has been observed!
ol P W F msacev) ]  With increasing sensitivity new
: MSSMm™ scenario statistical interpretation is
: needed: “1 Higgs vs 3 Higgses”.
200 400 600 800 1000
m, [GeV]
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- ! . R. Wolf
Limits on cross sections M. Hoffmann

CMS o 19.7 6™ (8 TeV) CMS otx 19.7 b (8 TeV)
l Ll Ll Ll L Ll Ll Ll L I L Ll Ll L L L L L
10° —— Observed 10° —e— Observed
---------- Expected for SM H(125 GeV) wesseenee Expected for SM H(125 GeV)
102 [ ¢ 10 Expected 10° I ¢ 1o Expected
[ ] * 20 Expected [77] + 20 Expected

bbo gg¢

-
o

b 2> 1T

-

95% CL limit on o(bbo)-B(o—1t) [pb]
95% CL limit on 6(ggo)-B(o—17) [pb]

1
10° 10" sensitivity to h(125) GeV
102 102 at ~250
10° — — prees - 10°
m, [GeV]
— 1 T T T T o F1 Y T T T T y T
< ‘mmmu 2012 & I  Anas Pfe"'f::‘gu ta 2012 c
1T e e - “ > 10' —— Observ - K -
g Expecied Ldt =195 M e F Baschd Ldt= 195
Fio'kr Elzo Vs=8TeV . toF o \s=8TeV -
X f s ] T g i :
5 | { §¢ :
T2} H* 2> tv | 10" .
= I 1 ;
: ] 107 ]
8 90 100 110 120 130 140 150 160 107200 300 400 500 600 700 800 900 1000
my- (GeV] my- [GeV]
Upper limits on Upper limits on
Brit = bH*) x Br(H=— w) o(pp = tH= + X)xBr(H* = ) 54

*1.3%-0.23% *0.76pb-45fb



Brxo [pb)

R. Castello

(several channels combined)

18

16

14

12

10

Search for heavy object H = yy A. Kaplan
J. Alison

§ 10° =t & § 3 T

= ATLAS Preliminary ; F

e - Observed 00:

e 107 --- Expected -

S [ EREy 50

_-E Cl+t2¢ -

g 10 60

S S

£ .

[Lat=2031b"

—

e T~ J . . B )
m, [GeV]
Search for heavy object H - hh 2> yy bb

(mx = 300 GeV~ 2.1 after look-¢clsewhere)

CMS Preliminary {e=8TeV,L=105fb" MY ... L
EY T O T R e 2 ATLAS :
3 g+ Hos b & JLat=200" atrs =8 Tev E
| 95% C.L. CLs Limits ) —e— Observed 95% CL Limit -
[ | s @Xpected el BB Expected Limit +1o <
[, -gmig o ++ =« Expected Limit +2¢

' ; ; X e Type | 2HDM:

a | ——— & tanp=1, cos(p-)=-0.05

300 350 400 450 500
m,, [GeV] m [Gev] OO



MSSM interpretations el

Complete Set of Benchmark Scenarios (arxiv:1302.7033)

CMS hma-ore

g

19.7 0" (8 TeV) « 4.9 167 (7 TeV) CMS niare

tanp

19.7 10" (8 TeV) « 4.9 107 (7 TeV)

n-n

tanp

tanp

[T miR=#125:3Gev | - [—-E,;";m::m]:
MSSM ml™* scenarlo 4 MSSM light-stop scenario ™
L i
400 600
m, [GeV]

o6



Vector Boson Fusion / Scattering

* Important to understand electroweak symmetry breaking - B. Jager
» First “beautiful” experimental results appear - N. Chanon

- Like-sign WW scattering, evidence for el.weak contributions
—> potential for 50 observation in Run-2

CMS,1s=7TeV,L=505m"

£ aof | 5 > %
§ [ AR *  Data2012 : S |+ om I v van e
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* Exclusive yy > WW production gives so far best limits on WWyy coupling

=» Important research field in Run-2 and HL-LHC
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Many interesting theory talks presented at this workshop

It seems that the theoretical progress keeps pace with experimental progress;

Important work on the (N)NLO front

- Approximate N3LO calculation of gluon-fusion progress
- NLO and NNLO calcualtion for Higgs boson pair production
- NLO calculations for vector boson scattering

Progress in Resummation, Higgs p; spectrum

- HRes (treatment of heavy quarks)

Exclusive Jet bins / Jet veto efficiencies

Off shell cross sections, Interferometry

Higgs mass and potential, UV behaviour, naturalness

- S. Forte
- M. Steinhauser
- B. Jager

- M. Grazzini
- A. Vicini

- A. Banfi

- C. Williams
S. Hoeche

- W. Skiba
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S. Forte

Continuous progress on theoretical calculations; M. Grazzini
N3NLO (Anastasiou et al, 2014) and N3LL resummation (almost) (Bonvini et al).

Higgs cross section: gluon fusion
Higgs cross section: gluon fusion
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« Uncertainties might decrease slowly (Ug, Hg, pdf, o)
« Inclusion of top and bottom mass effects at NNLO+NNLL desirable in HRes (p;")

Future: would be nice to come up with an updated “cross-section recommendation”
and the related uncertainties at 8 and 13 TeV
—> Higgs cross section working group

- Experiments: measurement of unfolded differential distributions (P;" et al.. is
essential to validate / test also Monte Carlo modelling)
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Jet Vetos and Substructure A. Banfi

7000

|

- ATLAS Preliminary » Experimental motivation is very clear;

QOORERRE0; ¢

5000F- HWW> ey EE::“ = ® Spllt into Jet bins
b o —> increase of sensitivity

3000

- —> separate background components

1oooE E (data-driven estimates)

« Resummation of large logarithms needed to reduce
uncertainties on jet-veto efficiencies,
but uncertainties are still sizeable at NNLO+NNLL;
* Inclusion of top- and bottom-mass effects sightly
increases uncertainty

(P yowo!

» Boosted Jets (important for Run 2):
New insights from analytical resummation methods
—> potential for improved tools / taggers

Py yeto) / Teortrad Pt veto)
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» Higgs Boson Couplings Beyond the Standard Model

Effective Field theory approach as a model-independent approach

to study deviations from the SM

» Global Fits to Higgs signal strength and couplings

Operator Basis

Giudice Grojean Pomarol Rattazzi 07
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- We (experimentalists and theorists) need an interface / dictionary
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Tools to describe BSM Higgs boson production

Analysis Tools

- MSSM and beyond, e.g. general 2HDM
- Anomalous couplings
- Include effective Field theory approach

Matrix element methods in Higgs phenomenology

B-tagging at high luminosity

Top taggers /
Boosted jets

Light-flavour rejection rate

Ratio to MV1

10°

10

10*

0%

== MV1

ATLAS Simulation Preﬂminary?

Al'l‘li-ké R=0.4 Jets
p. > 25 GeV

- MVb

...... JetFitterCombNN
---- MVbCharm

b-tagging efficiency

il <25, 1s=8TeV
SM tt ;

- A. Vicini

- M. Spannovsky

- D. Jennens, S. Zenz

CMS Simulation, s =8 TeV
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— CMS Top Tagger
== Subjet b-tag
N-subjettiness ratio t./r,
—-= CMS + subjet b-lag
CMS + 1 /t, + subjet b-tag
- HEP Top Tagger
HEP + 1/t + subjet b-tag
“ g\gg::b & HEP WP
WP
5 c:tscm am O/ T o 1 1
A CMS Comb. wpa O HEP Comb. wP2
* CMS Comb. WP4 & HEP Comd. WP3
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Future Colliders

Several talks on Higgs boson potential at future colliders

» Higgs couplings at future hadron colliders l. Law
» Higgs couplings at future lepton colliders ILC K. Fujii
» Experimental studies of hh production J. Alison

Higgs boson self coupling

Future precision Higgs measurement an EW observables B. Hennig

A personal view:
- Important to explore full LHC potential in medium and log term (Run-2, HL-LHC)

- Potential of HL-LHC need to be better understood, more work to be done,
e.g. Higgs boson self coupling
high priority issues: Higgs profile, Vector boson scattering, Searches .... Higgs portal

- Decision on next machine will depend on Run-2 outcome, ... "



Towards Run-2

Precision

- Mass and width

- Coupling properties

- Quantum numbers (Spin, CP)
- Differential cross sections

- Off Shell couplings and width
- Interferometry

Is the SM minimal?

- 2 HDM searches

- MSSM, NMSSM searches

- Doubly charged Higgs bosons

M. Kado (Santander)

Rare decays

AR

- Muons pu
- LFV ur, et

HO

...and More!

Etc...

FCNC top decays
Di-Higgs production
Trilinear couplings prospects

Tool for discovery

- Portal to DM (invisible Higgs)

- Portal to hidden sectors

- Portal to BSM physics with H
in the final state (ZH, WH, HH)

One of the first goals : focus
our efforts to extract most of
the physical content of our
data!
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Maximization of Physics Output and Interpretation requires a close collaboration
between experimentalists and theorists

The Higgs cross section working group must continue to play a key role:

- Predictions of cross sections

- Related uncertainties !

- PDF uncertainteis must be addressed
(how much can they be reduced if LHC
data are included)

Rosetta Stone

d=6 operators

Looking for a
clear relation

- Differential distributions
- Framework for CP-mixture

- Effective Field theory approach !

Experimental measurements

- Further interfaces might also be discussed there e W
. W ) _-— .
(unfolded fiducial cross-section)
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HC 2014
Torino

THANKS to the Organizers of the Conference for the fantastic meeting !
In particular to Giampiero and Chiara

... and to all Speakers for presenting such a wealth of interesting and

exiting results !
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