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* Mini-workshop July 11 (A. Carvalho,T. Dorigo, M.
Gouzevitch):

CMS Experiment at the LHC, CERN . . .
Data recorded: 2015-Oct-31 09:16:00.743036 Mt 1115 talkis an at mpt to summarize presented

Run / Event / LS: 260431 / 715537073 / 425 rgsults on: Hig bOSO:(}‘Up“ngS, Heavy
Higgs bosons and.othef resonances, and Higgs

b

STAMOU Emmanuel (Weizmann Institute) "Higgs.cot
to fermions: opportunities at the L!ij" =

-
CARMONA Adrian (CERN) "Sheddin;
diphoton excess"

HALLADIJIAN Garabed .(Michigan Stat al a Sinica) "Search for non-standard
for new resonances with mass bet|{ : - : "/arid rare decaysiofithe Higgs boson with the ATLAS detector"
with final states other than two photons (# / () o RN, : :

, - % CATA, Oscar (LMU Mumch)J—I\lggs couplings: upgrading the
GROEBER Ramona (INFN Sezione di Rom /" /kappa formalism with EFT"
production of beyond the Standard Model b il
SUN Xiaohu (SFU Simon Fraser University;"' >3
HH production by the ATLAS collaboration™
POZDNYAKOV Andrey (National Central Unive"'r’v",/
"Searches for HH production by?CMS collaborath
SNYDER Scott (Brookhaven NationabLaboratopffUS)”
"Searches for Heavy A, H, H++ by the AS/and CMS
collaborations and interpretation

ICHENG, Tongguang (Chinese Academy of Sciences) "Higgs
couplings (CMS)"

DI LUZIO, Luca (University of Genoa) "Perturbative unitarity
ang the LHC di-photon excess"

* Plenary talks July 7, 9, 13:

e CARVALHO Alexandra (CERN)"Searches for production of Higgs
g, boson pairs and a heavy extended Higgs sector"

- MALEK Fairouz (LPSC-Grenobi€)"Search for a high mass * BIINO Cristina (INFN Torino)"Selected Recent Results from CMS

diphoton resonance usin 4e ATLAS detector” * QUITTNAT Milena (Eidgenoessische Tech. Hochschule Zuerich)

e CHECCHIA Paolo (Univérsita e INFN) "BEH Boson (CMS)" Diphoton searches (CMS) 2
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Higgs boson (125 GeV) Couplings: Knowing ‘the known’

better - Five main decay

channels all published
* All results consistent

with SM Higgs

2 CMS 19.7 (B TeV = 5.1 (T TeV)
ot * Observed
- ¢ SM Higgs

1 s

H—bb

CMS only

m, =125.02

+0.26 +0.14
-0.27 (stat.) -0.15

(5ys.)GeV

i = 125.09 = 0.21(stat.) + 0.11(syst.) GeV|

m
ATLAS & CMS

—

Channel Obs (o) Exp(u)

SM

H—>ZZ 6.5
H->vy 5.6
H—->WW 4.7
H—>tt 3.8
H—>bb 20
H->pp <0.1

6.3
5.3
54
3.9
2.6
0.4

107° 3

> 1L ATLAS and CMS
2 LHC Run1

¢ ATLAS+CMS

L L t' 1

-« SM Higgs boson _

107
3 — [M, <] fit
[ 68%CL
[ ]95% CL
10 N R
107 1 10 102

Particle mass [GeV]

A. Carvalho,
C. Biino, M.

Gouzevitch,
P. Saxena, R.
Mazini

e “Space”
left for
BSM:
BR to
new
particles
<34%,
uncert.
on U
leave
~10%.

3
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Higgs boson (125 GeV) Couplings: H=2yy, H=2ZZ*-2>4| (CMS)

CMS Preliminary 271" (13 TeV)

> LA L L I  L L L BLL B BB LI CMS Pre;'jn]jﬂa;y 2_7 fb-1 (13Tev) CMS Prelimina 27 fb_1 13TeV
ry
L _H—>~I,r~__a ~ All categories summed ] — 6_"'|"'|"'|"'|III TTrprir T TTTd T TTT T [T T[T I T[T T T[T I T T[T T T T[T T T T [ TTTT [ TITTT T.Cheng
O 1000-m,=125.09 GeV, =07 = gorte - Hesrs ] S L 4 ’
P - e S/(S+B) weighted sum c LA 7 wogl H_;.«;,«;, + BestFit | .
E M § Data h =] o 0 69 +0.47 lf.'"ll— g L (.-"'—"-"'"-._‘ a P- CheCChla )
o 8003 —S+Bftsum o 5 H=U0%9 540 = = [ : ¢+ SM il
@ [ ] R /1 i i C. Biino
B ool % 00 B component - . m,=125.09 GeV /1 6L i - ] .
> ] 4k A B - 20 7
g 400:— —: I r}_,»'f ] i ]
s r ] B i 4t ~
200— — - / _| - a
SPt C ] 3 / i L \ ]
(‘}3 C roge.t I . L " i
) AP N BN RPN B B B R :\\_ /_,. : oL N
100 = T T T T T T Y %
= B component subtracted ] 2 -\ / ] = .
50 } = Eo\ ] i h "-_‘ i
0 ! 1t 1 o __
sl , , , ‘ , 4 C ] i . .
100 110 120 130 140 150 160 170 180 = - nl_ _ ! _|
ml_r (Gev} OOI 1 blgl 1 b|4l. 1 I[}"'lg 1 61‘8‘ 11 -ll 11 1I |2I 1 I-I|4I. 1 I1 |6 1 1I |8| 2_ mH—1 25.09 GeV '--_.__‘_--" |
o ) - ) . . . ' ) cecn o e b b b b b L
CMS Preliminary 281" (13 Tev) u -15 -1 05 0 05 1 1.5 Ll2 2.5
> L CMS Freimins 28" (13 TeV) :
(uD) : .Data i ::E 20_|||||||||r|}r||||||||||||||||||||||||||||_ ggHttH
I 14 | . o 7 5.1 (7 TeV), 19.7 fb" (8 TeV), 2.8 fb™' (13 TeV)
- = |:|H£125) 4 & 18F — o) R e B B IR I B RIS R
e [ 0 g9—2Z. 2" 7] = — 88%C.L = ¢ CMS Preliminary ]
CIC) 12— . gg—2Z2Z, Z'|" | ) 16__ —— 895% C.L ] :C__J 5 o + Data (stat. ® sys. unc.) 7
Lﬁ B B Z+X i E N - o) C . @ sys. A .
- ] 14 4+ best fit — [ = Systematic uncertainty ]
10 L i ] 12-':'_ * M _: 4_— :I Model dependence -
i ] E 3 O Standard model (m,_ = 125 GeV) .
- : 8F 3 - ]
6 [ . — F - L a
C 6 3 2 7
4:— 4: _: E E
5 of E L pp = (H =4 +X
2 o ] C ]
i O_||||||||¥|||||||||||||||||“L||||||||||_ Ot b b b by b n b by
0k 0 05 1 15 2 25 3 35 4 7 8 9 10 11 12 13 14
120 140 160 180 M i Vs [TeV] 4
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Higgs boson (125 GeV) Couplings: H=2WW (CMS)

S P. Checchia
H—-WW  ww_eu 041 jet

CMS Fraliminary L=23% (13 TeV) CMS Prefiminary L=23M0 {13 TeV)
£ s mmDY | pmFake | S £ SO pmby | m Fake ql
2 W and WWw E W and Ww -
9w v B VZiyly G B V2T ég)
[ 1Higgs + Data 00— [ Higgs + Data
20— 7 systematics soo || Systematics HIG-15-003
21 " .
150 . 07 E 0 Signal/bckg as function of 1y,
LR N Si2h "
g e s - and m“,
S0k :FL:F"*‘-F*_-_L-;. = mﬂ-_ —0—='=—
§ s Bt b s § G etipissio 41 events divided in 4 categories:
7| N —_— pom—" T S — N —— .
T © wf.; Heell (leadingp)
CMS Preliminary L=23/b (13 TeV) CMS Prafiminary L =23/fb (12 TaV) 0,] , 1 ]
‘jé' a0 "gmoy 0 o Fake %_:: sl @Dy | m Fake = —
& 1a0) W and tf W & W and t§ wWw
jeol BV VZiyly 300 VvV B V2l . .
o s s T sor B s OO Two dimensional plot (m,,m)
129} 200
[ I o i L]
sof —f;-ﬂ'hf'_"":—# mufrh xxxxx g L
40— b ot : =
™. k.. . B TONS [y o . .
2“5—” . i o __" =+ Significance w.r.t. bckg only:
; ;i — 4 ybihadbbia ft E P ++r‘___+_'_— 0.70 (2.0)
E Mif:-' TR0 0 gt " - oo E e T Tawm w17 -' T zon 16
0T e N reen 5
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Higgs boson (125 GeV) Couplings: ttbarH (CMS)

M. Dordevic,
https://twiki.cern.ch/twiki/bin/view/CMSPublic/TTHCombMoriond2016

T. Cheng, P.

. g My =125 GeV 2327 " (13 Tev) m,, = 125 GeV 23271 (13 TeV) Checchia
[ I 20F
c [ CMS ttH combination = . CMS
- 7 o HIG-15-005 Hsyy - 1s8F
o | Frefiminary HIG-15-008 H~ieplons S Preliminary
' I . +005 1G- = 16
6 Qbserved: 0.1 _gs; E C  ttH production limits
[ e Expected: 1.00 703 © 145 —e— Observed
o ; o - .
C Q  of Expected
- 3 . [ +1o Expected
4 O 10 [ %20 Expected
- 3 -
3f & 8F
- 6F
2r n
- 4
1:— 5
{]: P I T T [}l_ ] ] ]
3 Combined H—leptons H—bb H—y
Lt HIG-15-008 HIG-16-004 HIG-15-005
ttH
: 095 _
Best fit value : t,,; =0.157 5 Observed (expected) limit : W, =2.1(1.9)
Runl: u,=28=10 Run 1: y,,, = 4.5 (1.7)
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H125 Couplings: H>bb (VBF), H>ut (LFV) (CMS)

T. Cheng, P. Saxena

. -1
CMS Pre."-.n"m.u"n&ry 19.8 fb" (BTeV) + 2.32 fio (13TeV) FM:ISTWI'I'"'I-'"TYI LI L B |2|-3|ﬂ:|I |l:1|3-|re:v:l
_I 7_[ 'Illll L L "-I-[ TIT [T ]TII T | TTT | |I||'| T |;I' T | TIJT |.I I_ urhad‘ O Jets :
f= T\ VBFH b6 ) o ] P 4.17% (exp.) i * Observed
< 6 — 8TevObserved '. ] ¢ 4.24% (obs.) !
- --- 8TeV Expected | N "/ '/\, — e Expected 1
al | — 13TeV Observed ' 1 H v/ H T HT g 1 Jet ;
B e Sserv ] — — ssmp) | | (X8 [L]+1std deviation
© ---8TeV + 13TeV Expected 1! 1 Hos \ ¢ 835% (obs) | [ ]+ 2 std deviation
4-95%CL\ - H A Hot ut , 2 Jets '
C \ [ ; . Q4 X had’ !
C \ : ] 6.41% (exp.) | X e
30 \ [ 1 ] 7.71% (obs.) :
: \._"‘ "L 0 1 pT 0 Jets — : B leV [Phys. Lett. B 749 [2015) 33/
ol '\\ ] 224% (exp) | (9K Observed
: \ : 133%bs) | | Expected
L N UV N wt,1Jdet ||
- K - 4.36% (exp.) | eX
:LLLlLL..LIl.LJh..J..-iJIJJJ\\I'i\ - NN N 304% (obs ) :
-12-10 -8 6 4 -2 0 2 4 6 8 ut, 2 Jets | N
K 7.31% (exp.) : X e
. . 8.99% (obs.) !
e Combination Runs 1+2: 1.
Hoprt :
_ —_ + .- 2% (exp. -«
L =06/0qu~-1.3"12 " Observed limit 1.20 % (exp. 1.62%) o) | | l 1 ] [
Slightly tighter than the previous limits at 8 l {']‘l — 5 — '10’ = ’15J = lzol = '25
TeV [obs 1.5% (exp 0.8 -
[ o (exp 0.8)] 95% CL Limit on Br(H-suz), %

Significantly less statistics than at 8 TeV
7
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Higgs125 Couplings: WH—=2Ivaa—2|vbbbb (ATLAS)

R. Mazini
Trigger e Search range: 20<ma< 60 GeV

« Upper limits on oXBR: 6.2pb,m.=20GeV
1.5pb, m.=60GeV

=) |
=
i i
D ATLAS Preliminary {s=13TeV, 3.2’
XL
= ogl —— Observed 95% CLs
L=
. - L e Expected 85% CLs + 1o
I Hidden Sector @ F e - Expected 95% CLs + 20
— E —— g, (WH)
—_— 5, |
— A\ a 100 ]
H — 3
(& ﬂE! ""'.\‘ aaaaaaaaaa
— /{ g ................ ettt 1O -
—a % 30 40 50 ol
: e — m, |\ag
Light SM
particles |== I



Higgs125 Cou

plings: Light Quarks

T

LA |

JIw+y-ATLAS

I

0.100}

Yi

I

0.010}

1

0.001}

—Trrr
GP, Soreq, Stamou & Tobioka (Feb/15)

Direct Bound

e
-
-
-
-
-

~af— Global Analysis

PR | It A PV (IS W e A I et

; 5 10 50 100

[arXiv:1503.00290]

E. Stamou

i* Try to measure light quark

Yukawa couplings via light
flavor tagging (especially c)

9
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Higgs125 Couplings: How to update the “k” formalism

O. Cata

e [he k formalism can be embedded in a consistent QF T framework if interpreted as the
leading Lagrangian of a (nonlinear) EFT. Well-defined way to improve it to include
kinematical distributions (though very suppressed...)

e NONLINEAR EF'T. Modifications at LO:

Name Meaning Symbol 4 % 4 % -1'
- | o(BR) e 1 Y E
Signal strength >SN (BREM) m .'~.\ "
Coupling modifiers - KX @ e
9H x x B -
Total width modifier %tfq‘fi} K%
Ratio of coupling modifiers e AXy
10
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Higgs boson pair production

R. Grober
99—~ HH 9¢ — HHqq' 97 — ZHH/WHH
g . H q W7 +H
L + .. my Sl
q= i, h
g “H q W/Z
g B —>— ———— H e SM: Study important to probe
| boin H self-coupling (trilinear)
g «l-—p + . e BSM: New physics could

modify HH production
through: Shift in the trilinear

* Example (Modified/new couplings): Composite Higgs _ _ _
Higgs coupling or in other

models (CHM) light, since pseudo-Goldstone boson
. 2 e Higgs boson couplings,
* Non-linear: = E(D;:E)T(D’“E)s o spin: A, . N Additional Higgs bosons or
| spin1/2: T, B, X33, | particles in loops, Novel
gauge: X = (0,0,0,sinH/f.cos H/f) \Spm 1 a,..__.f_,....// couplings.
Parameter £ = L;—E = sin {'T} strongly in_T_;eFa(_:&ing sector .
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HH production: Source of possible first NP observation?

onro [b]

oo [fb]

[RG, Mihlleitner, Spira "16]

80 |
70

60 [

bbyy final state

80 [
70 [

60 |

[ £=300 "
SM
0 002 004 006 008 0.1
&
bbyy final state |
[ £=3000fb"'
T ae
. I' . ] -.“‘:;'.‘
. ..-- l:'l.'p‘ s :‘
Tl AN
X
SM
0 002 004 006  0.08 0.1
&

onro [1b]

onro [b]

80

70 ¢

60 t

50 ¢

40

80 r

70

60

50+

40

bbr*+ final state ]
£ =300 b
oy e
‘. ety = =
SM
0.02 004 006 008 0.1
&
bbr* 1 final state_:
[ £ =3000" ]
- i‘*-"
L] '- . - “‘:;“
. - -:. i‘:'l.’- bﬁil.
“ :“ - 1 ] . -
o™
. i.'?#
. I’-g u'l""*g
SM
0.02 0.04 0.06 0.08 0.1

R. Grober
g  H
H .7
T |
g=1t1T ~_
g “H
/T
g > ____H
A vi/ T
q < —___H
I‘.I'r-j--;
9 Tooo0o H
\.\-l'x\ e
q= t. jT ) oy
.-"'}/3 "
g voooTY H

e MCHM10 model: Both
bottom and top partners

* All points theoretically
allowed, blue points
—>cross section
distinguishable from SM

at >3c 12
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HH 9 bbb b ATLAS/C MS 13 TeV ReS u Its X. Sun, A. Pozdnyakov
— 10% g g 10F " ATLAS Bulk RS, kW =10 7
ET ' E = u = =
% - ATLAS L — ‘Observed Limit (95% CL) 1 5 F (5-13TeV,32fb"  =me— Observed Limit (95% CL)
|g B (s=13Tev, 327" Expected Limit (95% CL) - [8 T T Expec:eg -I;|1m|t (95% CL)
O E Xpecie (o] 3
|§ 10° L ed | Boosted [ Eigzgzg i;c; E 1 : Resolved | Boosted o Exgecm i -
Z - ; = - _
e - _ = 5
= - 1T 107 £
T 102 = = w - ]
T - T - .
_.9; E = (o} r ]
&} - ] % - |
B ‘ - o o o o 7 1 ISR TSR T N T Y S YR R YN T [ TN WA T WA N T N W'
500 1000 1500 2000 2500 3000 500 1000 1500 2000 25210 [G?é(\)/(io * ATLAS: ReSOlVEd and
G .
my, [GeV] “ boosted (large-R jet)
2.3 (13 TeV)
S10° analyses
a 1 04 = L L L L I = ; E CMS -------- Expected Upper Limit . . .
=, - ?TLAS 1 Bulk RS, kM, = 2.0 5 § [ Prefiminary M Expected £ 1o » ATLAS Resonant limits in
o B s=13TeV, 3.2 fb —e— Observed Limit (35% CL) 4 T [ Expected £ 2 ¢ .
LL_§ 103 N eeeem Expected Limit ((950/0 CL)) - §104:_ — gbzfervei Up1p(_=;_r I\_;mkllt_ .5 bOth H and 2 KK GraVItOH
< = I Expected +1o 3 2 © adion, Ay= 1 TeV, kL= . )
1 & Resolved | Boosted Expected 120 E :’EF - Interpretations
- 1< [
= - IR » ATLAS non-resonant
= o 100 ..
Tx § SN limit: cXBr<1.22 pb (not
5T 18 | shown)
+ 10 =l
o f 3 YF » CMS non-resonant limit
\5’ 1 I I 1 1 l 1 ‘ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L | :
500 1000 1500 2000 2500 3000 i
L

1 | | | 1 | | | | | 1 | | | 1 | |
Mg . [GeV] 200 400 600 800 1000 1200 13
m, (GeV) sascon-Shotkin ICNFP Kolymbari 14 July 2016



CLS value

T T T T

0.9
0.8
0.7
0.6
0.5

lIIIIIlIllllll]lllllllllllll

ATLAS Preliminary

95% CL limit on 6, xBR, _,, [pb]

IIII|IIIWIIII|IIl[]IIIIIIIIIIIIII]IIII'IIII'IIII

0.4 =
\s=13TeV,3.2fb" 3
0.3 —
— Obs. CL, =
0.2 e Exp. CL_ —
[ Exp. CL_ +15,,, 3
0.1 ] Exp. CL: 1264y, E
0 1 1 é 1 1 1 4| 1 L 1 é L 1 1 é 1 L 1 1]() 1 1 L 1l2 1 1 1 11.4
Gy, [Pb] =
Non-resonant 95% CL upper =
limit on &: Observed 1
(Expected)=3.9 (5.4)pb 3
*
b}ﬂ

HH-=2yybb: ATLAS 13 TeV Result

24— T T T T T T T T g X. Sun
oo ATLAS Preliminary — Obs. limit =
- \s=13TeV,32f" = - Exp. limit E o
“oF i B Resonant search limits
r xp. limit Cexp = .
161 E In range 275-400 GeV
145 =
2E 1 * Expected: [7.5,4.4] pb
\ i Observed: [7.0, 4.0] pb
6 =
4E 4 ¢ The RUN Il upper limits
2580 300 320 340 360 380 400 do not exclude RUN |
my [GeV] I
e S === results
s RUNI ATLAS 3
- ILdt:EDﬁJ"EItlS=BTEV E
3.5 —a— Observed 95% CL Limit ]
- @EEE Expected Limit £1o 3
| - Expected Limit +20 =
R = S e ——— Type | 2HDM: 3
o5 i_ tanfi=1, cos(f-a)=-0.05 _E
15 3
1
05 0 30 0 @0 500

14

my [GeV] | .
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HH=2bbWW, bbtt, : CMS 13 TeV Results

95% CL limit on o(pp— X™™° — HH

4 CMS Preliminary 230" (13 TeV)

§10:\\I\‘\\I\l\I:\IIIIIIlI\I\|\I\\‘\I\\‘\J:

= r —e— Observed 95% upper limit 7

E I T Expected 95% upper limit T
3 [ Expected limit + 1 std. deviation 1

'r Expected limit + 2 std. deviations

E 1 * H=>hh—> bb

% ***** adion (Ap=1.0 TeV, kL=35) T T
m4 N3

X 1 0 2HDM, tanp=0.10, cos(p-ot}=0.10

m,z=0 GV, m =125 GeV, m,=m,=m,.
== Typel

1 \llllt{

 Summary of all 3 channels assuming SM Higgs BR

230 i ' (13 Tev)
—

10% - E
- - E‘\- "HJE E| T 1 | T T T
L1 ‘ - I‘.\‘V\. | Il IE\ 1 I L1 11 I | - | \“I‘;\;\ -1‘\—1 L1 ‘ L1 E E CMS
200 300 400 500 600 700 80(9 900 T L Unpublished _
m;pm (G eV) IT - Assumes SM Higgs BR
2 107 =
E -
2767 (13 TeV) E"Lx E e
g Tbbpr, v bben rBb g Y FdL N\
£ .combined channels........ o |
e} H H & “
I 10E B 10t
1 & F
T S F
o : -
FRE E |
T
— oy
g): ) 10 =
H 2 F
§ 10! 2 F
£ a3}
= [ --o-- Expected CLs I~
(;2 : ----- Expected + 16 | | | | | | |
PN st AN DT B B 400
300 400 500 600 700 800 900
m, [GeV]

bty e (CMS-PAS-HIG-16-011)

bbtt (CMS-PAS-HIG-16-013)

bbbb [CMS-PAS-HIG-16-002)
— Observed

=== Expected

804 1000 1200

myP"? (GeV)
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A. Pozdnyakov

* X(spin-0)2>HH—>bbww: Radion and 2HDM interpretations (Types I,11)
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Heavy resonances: Diphotons —Who ordered that? (CMS)

3317 (13 TeV) + 19.7 b (8 TeV) M. Quittnat

1{]__ CMS %:1.4;10“ =-- J=0expected+1sd. -
B "., — J=0 observed ] ; . @ y e .
- yuy s2expected+1sd. | local significance: 3.40, “global” significance ~ 1.60
o S5 ' —— J=2 observed ]
;——t IR /) S T N Gas—v1Y. k=001 (LO) ]
> 0 B - 3.3 113 TeV) + 19.7 17 (8 TeV)
'_ B Q‘ |=a| b i
2 = L B L B
o) - - 4 1¢
c 10 10T
o - E i o
E 5:_ E Ill:l ol 2 G
I - 102
o 20 . E i ¢ X 1.4x10*, J=0
o FE  gE=56x102 Gpeo1r. k=02 (LO) 3 - [ X _ 36
155 E 10° —— Combined 10 =
105 3 § ----8TeV
S E - CMS 13 TeV e
5 — ‘o , = 10 . . . . | . .1:_ (V)
0E— - — —a 5%10° 10° 2x10° 3x10°  4x10°
5x10° 10° 210°  3x10° my (GeV)
my (GeV)
* Largest excess observed at mX = 750 GeV and for narrow width P
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Heavy resonances: Diphotons —Who ordered that? (ATLAS)

F. Malek

Largest deviation at 750 GeV Largest deviation at 750 GeV and me* excluded to 3.4 TeV for

and coupling k/Mpi=0.23 (57 IX/mX=6% (45 GeV) Local 6=3.9; k/Mpi=0.1 (2.66

GeV) Local 0=3.8; Global Global 6=2.1 TeV@8TeV)

0=2.1

ATLAS 5-13TeV,32M"  Spin-0 Selection ATLAS \s=13TeV, 326" Spin-2 Selection 3
S = *FI ‘ 4 T T Crsoved GL it a3
g = - ---- Expected CLlimit |5 _13 TeV, 3.2 fb" ]
;x - . Eig:g:ggig Spin-2 Selection .

102 B pp_)G“_)w G*—)'Y'Y, k:"rmpl =0.10

Local significance [o]

1 IIIIIJI]

Local significance [o]

10

1 IllIIIII

95% CL limits on oxBR(G*—y) [fb]

|

0 400 600 800 1000 1200 140 1600 1800 2000

1

§I 1 | 1111 | 11 11 | 11 11 | -] l 111 1 L 111 | 1111 | 11 1 IT

. ; 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

600 800 1000 1200 1400 1600 1800 2000 M. [GeV]
M. [GeV] o

m, [GeV]
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m.,~750 GeV: Theory: Who/what could have ordered that?

(1) ;f\/ (2) f (3) ? A. Carmona
X

X

>

Zn
1]
U']II

Zf

* Kinematics more that what meets the eye/detector: 3-body decay of something even
heavier(1), not 2 photons but 4 (2), 3-body decay of Z’=>X + y with X to collimated y

4 A

2

O, o AAN .
S ‘I."
Q,' ========= Q;. L; g g g g heavy quarks !

light quarks
Q 1 ' ' ' ' ' L = log(R'/R) ~ 35

log(z/R)
e Additional scalar singlet (‘Vanilla” shown), ‘Known’ or ‘new’ strong dynamics (bound state of
heavy q or scalars), Extra dimensions (radion/dilaton, graviton, RS + singlet), goldstino...
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m,,~750 GeV: Range of validity of EFT for an additional

‘vanilla’ singlet
* Use perturbative (partial wave) unitarity

* EFT of a di-photon resonance breaks down at scales of few tens of TeV

o (T / Mg\ ? independently of production
<11+ 59 TeV -2 — .
VS S e ( 101 ) mechanism
Vo L2 o .
Vs <24 TeV (rfo/fg) — gg inrtiated production
M\ V2 o .
V5 <62 TeV (%) —tp g-gbar inrtiated production

- new d.of. unitarizing the amplitudes’ growth are expected below this scale

- a physics case for the 50 TeV collider

(a worse case scenario. In typical models new d.o.f. beyond S lie much below 10 TeV)

L. Di Luzio
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Heavy resonances other than diphotons: Zy and Z’; ,.iqier
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Heavy resonances other than dlphotons W’ and VV 6. Haladan
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Heavy resonances other than diphotons: VH, ttbar, di-jets

o(pp — Z' = ZH) x BR(H — bb,ct) [pb]

a(Z') x B(Z' = Zh) x B(h — bb) (pb)
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Heavy (BSM) Higgs bosons: H=27Z*-2>4l,1lvv,llqq

o(gg— X—>ZZ 4L) (fb)

287 (13 Tev)
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Heavy (BSM) Higgs bosons: H=2ZA-=2llbb/vvbb 5. snyder
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Heavy (BSM) Higgs bosons: H*=21v and H/A=>tt (ATLAS)
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Heavy (BSM) Higgs bosons: H ou bbH, H=2>1t (CMS)

o(ggo}B(¢p—rt) (pb)
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15 2 25 3
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* Fits are performed without taking SM(125) Higgs in background.
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Heavy (BSM) Higgs bosons: ZH=2Il+inv and H=2inv

Ouq > zH X B(H — invisible) (pb)
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Summary and Conclusions

, ."‘50 GeV, but not in any

e d/ i - ’-er BSM Higgs searches.
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