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Other presentations '::zr,‘::‘zﬁ.:“:';?cgy
Impossible to cover everything, please see detailed presentations:

Study of Higgs boson production in bosonic decay channels at the LHC
Presented by Roberta VOLPE on 21 May 2014 at 14:00

Study of Higgs boson production in fermionic decay channels at the LHC
Presented by Vivek JAIN on 21 May 2014 at 14:20

Combinations of results of Higgs boson production at the LHC (production rates, couplings)
Presented by Christian MEINECK on 21 May 2014 at 14:40

Higgs boson studies at the Tevatron
Presented by Lidija ZIVKOVIC on 21 May 2014 at 15:00

Higgs and EW precision data
Presented by Andrea TESI on 21 May 2014 at 15:20

Measurements of the Higgs Boson Spin and CP at the LHC
Presented by Roko PLESTINA on 21 May 2014 at 16:30

Searches for BSM Higgs Bosons at the LHC
Presented by Claire SHEPHERD-THEMISTOCLEOUS on 21 May 2014 at 16:50

Higgs exotic decays
Presented by Prerit JAISWAL on 21 May 2014 at 18:10

Studies of Higgs Boson Properties in Future LHC Runs (Snowmass & ECFA studies)
Presented by Rostislav KONOPLICH on 21 May 2014 at 18:30
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Discovery!
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Mass measurement '.fZi“T”f’ci"EG.IH"J;?cS‘Tﬁ

Vs=7TeV L=5.1fb"
CMS Preliminary Vs=8TeV L=19.6fb"
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Combined mass:
125.5 4 0.2(stat) 79 3 (sys) GeV

Measuring the mass fixes all properties of SM Higgs
Look for deviations from SM in
- exotic production or decay modes
- - deviation from SM predictions
- there are 59 dim 6 operators
- several can be tested at LHC

1o
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Higgs Width at the LHC

The width of the Standard Model
Higgs is 4.15 MeV << O(GeV) resolution
= ambiguity as Rate « Br=T1/I'sm

I'y<3.4GeV ataosS%
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off-shell effects sensitive to width

F. Caola and K. Melnikov, [arXiv:1307.4935]
See also: N. Kauer, G. Passarino, Campbell et al

2 2
on—peak 8 ggHg HZZ off —peak 2 2
ggH-22 S T TggoHozz & SggH8HZZ -
I <22 MeV
CMS 19.7 fb" (8 TeV) + 5.1 fb (7 TeV)
— 4
C 10— 4/ observed
< REEEREER 4/ expected
oV —— 2[2v + 4l . . observed
' 3 __ ...... 212v + 41 .., expected
L Combined ZZ observed
-------- Combined ZZ expected

S es%CL |
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arXiv:1405.3455
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Spin & CP Properties
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JPC outlook Sept. 2012 ((Tﬁ
Higgs' J*¢

Have we observed a scalar?

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

Spin = angular distribution of final decay products
& spin-1: forbidden by Landau-Yang's theorem (ie Bose symmetry)
g 99— X =7 and 99— X =Y

< spin-0: flat in cos 6*

o . . . do 1 3 I

% Spln-Z: quar"l'lc INn CoS e*: q = 1+§COS 9+1COS 0
8 99— X — ZZ" — 4l

& 99— X — WW* = 22v

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

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

Parity = angular distribution of final decay products
& CP-odd: couplings to W and W are loop-induced only! Hard to explain data.
& angular distribution of leptons in 99 = X — 22" — 4l
& angular distribution of jets produced in VBF
O spin correlations in X — 77

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

Can be solved at LHCg (may be), LHC14 (for sure)
too academic questions? Sensitivity to degree admixture of admixture even/odd?

Christophe Grojean Imp//caz‘/on\s of Possible Newo Physfcs S Kracoew, 1007 Sept. 2012
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Spin & Parity now
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Cross-sections and Branching Ratios
(assuming 0" SM tensor structure)
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Details
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Channels are sub-divided to enhance sensitivity either for
experimental reasons or take advantage of production features

Higgs Boson | Subsequent f Ldt
Decay Decay Sub-Channels [tb~] Ref.
2011 +/s =7 TeV
H — ZZ® 4¢ {de,2e2u,2u2e,4u, 2-jet VBE, (-tag} 4.6 [8]
10 categories

H=7vy - {P1i ® 17, ® conversion} @ {2-jet VBF} 4.8 7]

H— WW® vty {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6 [9]
TiepTlep {eu} ® {0-jet} @ {£€} ® {1-jet, 2-jet, pTr > 100 GeV, VH} 4.6

H - ot TlepThad {e, u} ® {0-jet, l—jet., Pl > 100 GeV, 2-jet} 4.6 [10]
ThadThad {1-jet, 2-jet} 4.6
Z - vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6

VH — Vbb W — v p};V € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z — p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

2012 +/s =8 TeV
H — 7ZZ™ 4¢ {de,2e2u,2u2e, 4u, 2-jet VBE, (-tag}} 20.7 [8]
14 categories

H =y B {P1c ® 11, ® conversion} @ {2-jet VBF} @ {(-tag, E%‘iss—tag, 2-jet VH} 207 7]

H— WW® tvly {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 20.7 [9]
TiepTlep {€6} @ {1-jet, 2-jet, pr.r > 100 GeV, VH} 13

H o 11 TlepThad {e,u} ® {0-jet, l—jet., pT,TT. > 100 GeV, 2-jet} 13 [10]
Thad Thad {1-jet, 2-jet} 13
Z vy ET™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — v p?’ € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]
Z - p%e {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13

Kyle Cranmer (NYU) Blois, May 19, 2014 11



Disentangling multiple production modes

Inclusive
Unconv. central low p

Unconv. central high P,
Unconv. rest low p_,
Unconv. rest high P,
Conv. central low p_,
Conv. central high P,
Conv. rest low P,
Conv. rest high P,
Conv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET™ significance
One-lepton

k
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H— vy
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Signal strength

- 0, = pioi s is the it hypothesized production cross section

- By = usByr.su is the f hypothesized branching fraction

- Detector acceptance A};, reconstruction efficiency e/, and
infegrated luminosity £* are fixed by above assumptions

Kyle Cranmer (NYU)
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Model-independent presentation ﬁzzr:::‘;ﬁ.:“:';?cf‘%

s L L T T T T T T L L L B T T 1 T T T T CMS Preliminary \s=7TeV,L=5.1 o \s=8TeV,L=19.6 o
m(,) 10_— P ATLAS __ > 12_ IIIIIIIIIIIIIIIIIII ||||||||||||||||||||||||||||||_
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: 9O (s=8Tev flat=207" ] @ g TS 7 MosweL 3

é 6:— Che _: el 63— e best fit _f
= B —H -2z -4l i - 1+ SM ]

- — H—>WW* > v - 4= 7
41— ‘_"\_---- AN “\‘ + Standard Model | 2 -
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- ~? — | .
of TSR N N L A . -4:— E
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O 0.5 1 15 2 25 3 35 4 _1050 05 1 152253354

B/BSM X !J“
MggF+t’[H % B/BSM

Can’t compare contours directly, b/c there is a different BR for axis
All coupling measurements pass through this oi x BR; space

information Citations (4) Files See also [arXiv:1401.0080] for new approach to decouple theory uncertainty from experimental results

Data from Figure 7 from: Measurements of Higgs boson production and
couplings in diboson final states with the ATLAS detector at the LHC

ATLAS Collaboration (Aad, Georges (Freiburg U.) [...]) Show all 2923 authors

Cite as: ATLAS Collaboration ( 2013 ) HepData, hitp.//doi.org/10.7484/INSPIREHEP. DATA A78C HK44
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Model-independent presentation §:zr,z:f.:;;';?cs¢f
Can’t compare contours directly, b/c there is a different BR for axis
But, BR cancels when considering slope in this plane

» mild sensitivity to theory uncertainties (jet veto, ggH+2jet contamination,...)

< __L | T T L | T T 11 | L T T T 1 T T T 1 T T 11 T T 11 I:
f= 14l ATLAS B
o N (s=7TeV [Ldt=4.6-481b" ]
19 Vs=8TeV [Ldt=20.7fb" -
10:_ m, = 125.5 GeV -
8- -
— — Combined H—yy, ZZ*, WW* =
6__ ---- SM expected _]
4:_ ___________________________________________________________________ _]

21
P B S I s T T
-05 0 0.5 1 1.5 2 25 3 3.5

/
VBF MggF+’[tH

>30 evidence for VBF Higgs production!

w
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VBF 2-photon candidate o, @

PARTICLE PHYSICS

Myy = 121.9 GeV
EJyl) = 193.9 GeVv

E“yZ) = 78.0 GeV

n(yl) = -0.405
n(y2) = 0.037
M = 1460 GeV

J]
E (jl) = 288.8 GeV
E (j2) = 189.1 GeV

n(jl) = -2.022
n(j2) = 1.860

-E’f,,ata egorded: Mon Sep 26 20:18:07 2011 CEST
‘Run/Event: 177201 / 625786854
ggunusechon 450

Kyle Cranmer (NYU) Blois, May 19, 2014



ETmiss=102 GeV, m;=1.04 TeV and m+=127 GeV

| Run: 204153
Event: 35369265

7 EXPERIMENT 2012-05-30 20:31:28 UTC




VBF H— 4l candidate “%

1 VBF candidate observed (m4=123.5 GeV) [0.7 expected, S/B~5]

’ Run Number: 20019
! s Evest Number: 76170080
Dater 20020824, 0 M0 CL

FACur = 10 G
PeCut » 04 GeN

Musa Moo
) Electron: Mack
Y Cell: Tilos, EMKC

Kyle Cranme
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Ratio of Branching Ratios
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A model independent approach less sensitive to theory uncertainties

Pyy|ZZ =

BR(H—- vy)

BRgm(H — ZZ™)
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Status of VH production
VH production not yet firmly established

» Channels:

» Sensitivity at ~2x SM rate

- H— yy: simple lepton tag, few events
+ H— bb: complicated analyses

ATLAS & CMS both see a convincing diboson
peak in H— bb with slight Higgs-like excess

H— vy @ ATLAS

ggH+tH [

{s=7TeV [Ldt=48 fo

— Total
— Stat.
— Syst.

 H=—H :
g (s=8TeV [Ldt=207b" ]
ST ATLAS E
T - 2011-2012 ]
. | | | my=1268GeV
1 2 3 4 5 6

Signal strength

- evidence for VH at Tevatron

H—bb @ ATLAS

—— o(stat)

ATLAS Prelim.
o(sys)

my, = 125 GeV

Total uncertainty

o(theo) Tloonp

VH(bb), 7 TeV 1.1
p=-240 10

VH, 2 leptons 11 =067,

VH(bb), 8 TeV
w=o0. 7 |E

VH, 0 lepton n=0.

1.1

VH, 2 leptons 1t = -0. 1?
Comb. VH(bb) 0,207 [£04 :
H=0-261<0.1 | : | L

oy

VH, 2 leptons 1 =-0.4" "/

NI

= = B | R A
Signal strength [u]

Vs =7TeV [Ldt=4.7 fb"
{5 =8TeV JLdt=2031b"

S/(S+B) weighted entries

CENTER FOR
COSMOLOGY AND £
PARTICLE PHYSICS

[ T T T T I T T T T I T T T T I T T T T T T T T I_
80 CMS e Data n
-1
L Vs=7TeV,L=5.0f" v -
— — -1 =
- Vs= 8TeV,L= 18.9 fb CJw

~ pp— VH; H— bb 7
60— —— Sub. MC uncert. _|
B ~— VH + VV MC uncert.
40+ —
20— —
L . |
L . |
oot et
I - .
Covv v Wy v v v by vy vy by v vy 9

0 50 100 150 200 250

m(jj) [GeV]

H—bb @ CMS

:IICI\IASI|IIII|I TrrrrJ7 T T

4 Best Fit
4 (s=7Tev,L=501b" W 68% C.L. .
L s=8TeV. L=18.9 fb" [[95% C.L. i
[ Vs=8TeV, fg b SM Higgs boson |
- pp — VH; H— bb, mH=125 GeV B
3 —
% 2 B
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Couplings
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Narrow width approximation e

ICs

The basic starting point for the various parametrizations :

o(H™ T,T,

o(H) x BR(H — zz) = oM T
p

No useful direct constraint on total width at LHC (but getting close)
» ideally, allow for invisible or undetected partial widths
» leads to an ambiguity unless something breaks degeneracy
Various strategies / assumptions break this degeneracy
» Assume no invisible decays
» Fix some coupling to SM rate
» Only measure ratios of couplings
yLimit Ty < FSM eg. Diihrssen et. al, Peskin, .
- valid for CP-conserving H, no H™™, ... Gunion, Haber, wudka (1991)
- together with I't, /I’ = meas = Ty <T' < FV g/ meas

@

21
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Parametrizing the couplings '.f:zr,z:?.:;;';?cgﬁ

Approach: scale couplings w.r.t. SM values by factor «
» Expansion around SM point with state-of-the-art predictions
Option 1) relate ggH and yyH assuming no new particles in loop

s (a) " (b) w
> W, RGO
DD e D MG "Q,
LN . e W _____
g 9 fusion t HY VAW, 77 fusion @ » H° S Yy,
9 X . _\f‘}:vz w’ NN!‘S ¥ Y
e q 2 1
rt
_ (c) ¥
q " " rWwZ t
fussor 'O H W7 o .-__’-.! t
g 1
- HO t
T q VWA

Kyle Cranmer (NYU) Blois, May 19, 2014 22



Benchmark models
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Fully model independent fit is not very informative with current data
- Benchmarks proposed by joint theory/experiment LHC XS group arXiv:1209.0040

Probe Fermionic vs. Bosonic couplings:

Probe W vs. Z couplings (custodial symmetry)

Probe up. vs. down fermion couplings

Probe quark vs. lepton couplings

Probe new particles in ggH and yyH loops

Probe invisible decays

Kyle Cranmer (NYU)

Blois, May 19, 2014
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Example Coupling results ﬁzzr,z:‘;ﬁ;“:';?cg’

Here, evidence for fermion couplings is indirect

L _|||||||||||||||||||||||| |||||||||||||||||||||||| ]

B — E lllll E 4o (@)] :| LI | LB | L LI L L | LI | L L |:
’ _—ATL7A}SVde 4.6-4.8 1" W10 BComb ZW ] 2.2F ATLAS * SM E
3E :2 I Tzvad: 207t oF ‘87 TeV fLdt = 4.6-4.8 fb” * Best it =

- .' - - Vs=8TeV [Ldt=20.7 fb" —68%CL .
ol ‘ = 1.8 Combined H—yy, ZZ*, WW* ~95% CL =
: \ N - .
n . 1.6 —
e E 1.4F =
0 f_ _f 1.2 —
: ] 1 =
1= — o .
: - 0.8F- -
-2 - 0.6/ =
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Example Coupling results '::i:"&:?.:@':f%

Updated results from ATLAS with fermionic channels

w 4 vvvvvvvvvvvvvvvvvvvv ]':"".H"'bb""‘H """"" z@ ]__l LI | L | LI | L | L | L | L L LI I__|_
. ATLAS Prellmlnary CiH :’) i :; It\flv - 5 of . ATLAS Preliminary + SM E
gf ‘s=7Tevlot=46480"  ggH vy EBcombined | F Vs=7TeV,[Ldt=4.6-48f0" X Bestfit ]
L i=3w,/La- 13207 0" + SM x BestFit | 2E s=8TeV fLdt=13-20.7 fb" ——68% CL E
‘ ) 18F ’ ~--- 95% CL =
1.6 —
1.4 -
1.2 -
1= =
0.8 -
: 0.6 —
! 13 I A - -
I_l | T - | 111 1 | | - | 111 | 111 1 | | T | | 111 1 | 111 1 | 111 |'|'
06 Gs 08 08 U 12 13 1 4 15 1 0.9 1 11 1.2 13 14 15 16 1.7 1.8
- CMS Prolmunary e7TeV, LS 1s=8TeV. LS 1960 KV
“ [ ¢ SMHiggs @ Fermiophobic @ Bkg. only Ky
2 -
1} : :
Main coupling results from CMS
0% coming soon after update to H—vyy
r See: Combinations of results of Higgs boson
production at the LHC (production rates, couplings)
2 - Presented by Christian MEINECK on 21 May 2014 at 14:40
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Probing undetected decays :::zr,z:f.:;;';?cfcf’

. . Ky () SM
Here total width modified by: ' = G—gg— '

» uses effective coupling for ggH and yyH loops
» everything else is SM-like (namely VBF production)
Disfavors large BR to invisible I . 1

/—\: 10 IIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII| IIIIII 02.0\\\\\\\\\‘\\\\\\\\‘\\'p-\ r,y—r-y—y—y-y—ﬂr-vr7,\\\ T
< - !

~ = ATLAS Preli g : N,
g% oF S Preliminary ) [ic, & g’Bi,u] E 18 / g
o 8§_F 8TerLdt_13 2o7fb1 -- SM expected E 1.6¢ // |
E - = 1.4f // -
6F S 1.2 / 1
5 e 1.09 R
- | +
4E E 0.8} i
3 E 0.6F i
2 E 0.4 1
1E ; 0.2F 1
0001 02 03 04 05 06 07 08 09 0.Qluoemsis ot
' 0.0 0.2 0.4 0.6 0.8 1.0
B, BRgsu
e . ; As BR(inv) increases, kg must increase
See: "Higgs exotic decays o
Presented by Prerit JAISWAL on 21 May 2014 at 18:10 AS Kg — = B(gg)— Bgg)sM ~10%

Thus BR(inv) < 1-B(gg)swm
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Invisible decays
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S

ATLAS & CMS directly probing
Invisible decays with associated
production
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Summary of what we have established o, @

PARTICLE PHYSICS

Mass, spin, CP, and flavor
- mH~125.5 % 0.5 GeV
- looks like 0" as in SM, though only marginally favored over some alternatives
- fraction of CP odd coupling in ZZ is < ~50%
* no FCNC seen, BR(t— Hc) = 1%
Production:
- discovery established ggF production & now VBF production also firmly established
- evidence for VH ~20
- ttH: not yet, look out for Run-ll
Decays:

* vy, WW, ZZ >> 5o

- 1t at ~40 (lack of yu as expected = not a flavor-universal coupling)
- bb ~20

- BR(H—invisible/undetected) < ~60%

- total width < ~4.2x SM

Overall coupling pattern:

- consistent with the SM, though ~20 tension seen
Kyle Cranmer (NYU) Blois, May 19, 2014 28




Future Colliders
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A very active area ﬁzzr,z:‘;ﬁ;“:';?cg’

r\ . .
European Strategy Higgs working group report
Conveners: Sally Dawson (BNL), Andrei Gritsan (Johns Hopkins), Heather Logan (Carleton),

Jianming Qian (Michigan), Chris Tully (Princeton), Rick Van Kooten (Indiana)

The EU ropean Strategy fOl’ pa l'tIC|e thS|CS Authors: A. Ajaib, A. Anastassov, I. Anderson, D. Asner, O. Bake, V. Barger, T. Barklow, B. Batell,
M. Battaglia, S. Berge, A. Blondel, S. Bolognesi, J. Brau, E. Brownson, M. Cahill-Rowley, C. Calancha-
Paredes, C.-Y. Chen, W. Chou, R. Clare, D. Cline, N. Craig, K. Cranmer, M. de Gruttola, A. Elagin,
R. Essig, L. Everett, E. Feng, K. Fujii, J. Gainer, Y. Gao, I. Gogoladze, S. Gori, R. Goncalo, N. Graf,
C. Grojean, S. Gumdon H. Haber, T. Han, G. Hanson, R. Harnik, S. Heinemeyer, U. Heintz, J. Hewett,

e it S. Kanemura, S. Kawada, R. Kehoe, M. Klute,

[. Kunkle, M. Kurata, I. Lewis, Y. Li, L. Linssen,
THE INTERNATIONAL LINEAR COLLIDER Low, T. Ma, P. Mackenzie, B. Mellado, K. Melnikov,
= | n, H. Neal, J. Nielsen, N. Okada, H. Okawa, J. Olsen,

ollo, T. Plehn, C. Pollard, C. Potter, K. Prokofiev,

R. Ruiz, V. Sanz, J. Sayre, Q. Shafi, G. Shaughnessy,

. Su, T. Suehara, T. Tanabe, T. Tajima, V. Telnov,

n, M. Velasco, C. Wagner, S. Wang, S. Watanuki,

va, S. Zenz, D. Zerwas, Y. Zhang, Y. Zhou
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The dream machines '::i:"&:?.:@':f%

—
om

Luminosity [10** cm2s™1]
o
T

: Schematic of an
4 80-100 km
s long tunnel

-

PRI
= Qinhuangdao |

L '-&.’;if * Circular Higgs factory (phase 1) + super pp collider
(phase Il) in the same tunnel pp Collder

A 50-70 km tunnel is
very affordable in China
| NOW

‘Tianjing
¥ [ 0 .o o
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Measurement Precision

Measurement Precision

CENTER FOR

Some general comments on e*e :::zrgrr.:azzf‘f

Because 4-momentum of initial state known at e*e-— ZH, it is possible to
use recoil of Z in to reconstruct Higgs in a decay-independent way

- allows for measurement of absolute branching ratios

- story changes a bit now that LHC probing Higgs width via interference, but not
same level of precision (1-5%) achievable at lepton colliders

- theoretical uncertainties at e*e- generally much smaller than at hadron colliders

Top mass measurement at hadron colliders has large theoretical uncertainties in
connecting to pole mass (needed for vacuum stability etc.).

- High-energy e*e- colliders can measure top mass via threshold scan.

S
I 2
| ] E—
|
3 a 0.8 |- tithreshold - 1s mass 174.0 GeV 2001
l k> 'E' - —TOPPIK NNLO + ILC350 BS + ISR . Instability
o | I simulated data: 10 fb /point
1RR T 2 osbl 2 -
o o o o e e g o o O. top mass = 200 MeV 150 o =
8 T 8 2 8 2 4 g 8 Q| 2 @ g
o - =) =
52248 8¢§ 7§88 © 3 W Ly
2 15} o O n 3
= @ 0. 2 100 Stability g
o L s g
S I £ g
s - E‘ g
K] <
[ ] . 50 +
L] £ Lo | f
I £ oL—— v ok : . . .;
2 345 350 355 0 50 100 150 200
2 4
ll = llll \/g [GeV] Higgs mass M), in GeV
102
> & ¢ 8 § 8 §5 & 8 8 > 4 8 8
= 8 3 8 £ 8 & & % 8 : ¢ ¢ 2 § B
¢ 32 <43 9¢ " %88 g <
5 2 - o o ©° o ©
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Higgs Self Coupling @ future hadron colliders
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V=—120Td + \(PTD)?,

gaHH = 6Av =

3m

2
H 3miyy
, )

gaHHH = 6\ = —
v

« HL-LHC could measure A ~50%, more studies needed
- Need Vs> 1TeV for ILC to improve

+ Hard for TLEP/FCC-ee
* high energy hadron collider could measure A at ~8%

Kyle Cranmer (NYU)

Blois, May 19, 2014

o(14 TeV) R(33) R(40) R(60) R(80) Im
ggH 50.4 pb 3.5 4.6 7.8 11.2 14.7
VBF 4.40 pb 3.8 5.2 9.3 13.6 18.6
WH 1.63 pb 2.9 3.6 5.7 7.7 9.7
ZH 0.90 pb 3.3 4.2 6.8 9.6 12,5
ttH 0.62 pb 7.3 11 24 41 61
it < 3381 ) 6.1 8.8 18 29 < 42 )
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Probing new physics in high pr tail ;i:zr,z:?.:;;';?c?

LN e L =]

;s I cut open the top loops
E Vs=7TeV [Ldt=4.6-4.8 " x Best fit 7
F \s=8TeV [Ldt=20.7 fo' —68%CL
1.8 Gombined H—yy, ZZ*, WW*

" 95% CL e — 57 R s R

high pr & Higgs off-shell
we "see” the details of the particles
running inside the loops

5 Baur, Glover '00
; % Langenegger, Spira, Starodumov, Trueb '06
A :
@: V3 [TeV] | p (GeV] | oL 10] | & | ¢ | 99,09 (%
| 100 | 2200 | 0.016 | 0.023 67,31
150 330 | 0.069 | 0.13 66,32
200 350 | 020 031 65,34
g . 9 9 » ¥ 9 250 160 | 039 | 036 63,36
¥ ¥ 4 300 7| 061 0.89 61,38
9 —l e h 9 W\A ------ - h 350 38| 086 1.3 58,41
400 20 1.1 1.8 56,43

14 450 1 1.4 2.3 54,45

q 9 9 g
500 63 )17 29 52,47
550 7\ 37| 20 36 50,49

i~ N h 9 - h

Q600 22| 23| 44| 4851

0 ~
+ 0& 650 14| 26| 52 16,53
g pmin (K,t, I{q) 9 9 °(~° 700 087 30 62 45,54
T . v - s o @ N 9 e
s Q 750 056 33| 72 43,56
SM (Kt+K’g) +5K’t Kg+6'€9 v A.'* 37| 84 42,57
ag i . 800 | 037 | 37| 84 2,57
P o0 500 <9m ) 18| 31 72,28

2000 1.0 14 78 56,43

~FCC ) 5] ' ' ‘
(( hh o= he )> CW G g ‘ VHE-LHC is the machine

Kyle Cranmer (NYU) Blois, May 19, 2014 to decipher the gg—h process



CP-odd fraction at future colliders

Target precision for CP-odd fraction in
ttH, ttH, yZH is 1%, which may be
attainable at ILC or HL-LHC, but more

studies are needed

CENTER FOR
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PARTICLE PHYSICS '

° H—)VV _§
A pp—>HV ....... _;
“efe—f+\”ﬂ ....... -
T ....... 4 .............. -
| I | E

2AInL

12%‘ LA L B E L B I

s=7TeV,L=511b";{s=8TeV,L=19.7 fb"
T T T T T T

----- Expected
10—
— Observed

" CP odd fraction:
6*

i fa3

|as|?03

/

- |111|20'1 aF |112|202 I |113|203’ ]

1

Target precision for CP-odd fraction
to WWH, ZZH where pseudo-scalar
coupling is loop suppressed

Kyle Cranmer (NYU)

Blois, May 19, 2014
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Lepton Flavor Violation R. Harnik @ Snowmass '.i:ii":’c:?::y";:c?%

* Probing the Higgs requires many sensory tools! 72 douglet model: Y Hy fi 3+ Y3 Hy f3 £,
o LHC - or -

o Higgs Factory _ . | P
Higher dim. op: YU HfL L 4+ Y

"

TwoO sources can Re misalianed

Hf} fh

o A strong program of precision & rare processes.

iNn flavor and/or in phase.

LHC h—=TM aives
dominant round.

(currently just a theorist’s
re-interpretation)

"natural models” are
within reach.

107! 10°

Harnik Kopp Zupan 1209.1397 1Y iz
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Lepton Flavor Violation R Hamik @ Snowmass ~ Sooreiserave &

PARTICLE PHYSICS

* Probing the Higgs requires many sensory tools! 72 douglet model: Y Hy fifL + Y3 Hy fL f2,
o LHC

o6 Higgs Factory

(HI? i
A2 Hfo]]%

Hicher diw. op: YUHf L+ Y

TwoO sources can Re misalianed

o A strong program of precision & rare processes.

in flavor and/or in phase.

05 ——— BR(h—t*q) o 1F ) -~
——— BR(oha) & E[Lat=aan’ vstaTev ATLAS Preliminary
10 ; = \ =9 i — Expected, light jet p_cuts
_10 ------ BR(t —>hC) limit «es: EXxpected, !ightie(py cuts, conservative bkg
e i) S (arXiv:1207.6794) ... Expected, loose jet p_cuts
:1 5 N, é H H 1 f - Expoclod.loosoiotpt culs, conservative bkg
S TI0 S VR
Il =104 ======—e - o, @ ! g i -
o 107!+ N gt |2 - - W, NL e,
~ S o h 1 ! L N e,
=10 =3 \ o S : ", .. ",
= \ St |81 I - ' o o
] ' S |E | i : current limits ~2%
1 - o1 & p— o
-0 | I PR I projected much stronger
1072710 I S A :
\ 1 1 = = 1 1 i
\ 1 I TolT |‘
~1\—5\ | : iR - -
N : P .t . i A : ! “ .
10_2 10_1 100 10’ 1 A ed 1-5 i U -1 2 e d 2.5 AL At 3
Yyl (@ =c,u) Br(t — cH) (x10%)

Harnik Kopp Zupan 1209.1397
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Conclusions covmenron (Y

PARTIC LE PHYsSICS '

Since the discovery less than two years ago enormous progress
- we are just getting to know our new friend

- there is much left to be done at the LHC and HL-LHC

The Higgs is one of the best handles we have to probe physics
beyond the standard model

Future high-energy colliders and precision measurements will be
necessary to probe at a satisfactory level of precision

 huge efforts to establish:
* possible physics program of ILC

- community study of possible future circular e*e- and hadron colliders

Thanke W/

Kyle Cranmer (NYU) Blois, May 19, 2014
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Other presentations '::zr,‘::‘zﬁ.:“:';?cgy
Impossible to cover everything, please see detailed presentations:

Study of Higgs boson production in bosonic decay channels at the LHC
Presented by Roberta VOLPE on 21 May 2014 at 14:00

Study of Higgs boson production in fermionic decay channels at the LHC
Presented by Vivek JAIN on 21 May 2014 at 14:20

Combinations of results of Higgs boson production at the LHC (production rates, couplings)
Presented by Christian MEINECK on 21 May 2014 at 14:40

Higgs boson studies at the Tevatron
Presented by Lidija ZIVKOVIC on 21 May 2014 at 15:00

Higgs and EW precision data
Presented by Andrea TESI on 21 May 2014 at 15:20

Measurements of the Higgs Boson Spin and CP at the LHC
Presented by Roko PLESTINA on 21 May 2014 at 16:30

Searches for BSM Higgs Bosons at the LHC
Presented by Claire SHEPHERD-THEMISTOCLEOUS on 21 May 2014 at 16:50

Higgs exotic decays
Presented by Prerit JAISWAL on 21 May 2014 at 18:10

Studies of Higgs Boson Properties in Future LHC Runs (Snowmass & ECFA studies)
Presented by Rostislav KONOPLICH on 21 May 2014 at 18:30
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