Bill Murray
TLEP workshop
UCL
.4 229% October 2013
¥ L ;

Based on a talk given at the T
ECFA Aix les Bains workshop on “The HL-LHC landscape

HL-LHC, 1 October 2013 -SM Higgs boson couplings
On behalf of the JJLC

ATLAS & CMS collaborations



Future Colliders

¢ High-luminosity LHC
¢ ILC
¢ TLEP
¢ HE-LHC
¢« VLHC
Facility HL-LHC ILC ILC(LumiUp) CLIC TLEP (4 IPs) HE-LHC VLHC
Vs (GeV) 14,000 250/500/1000 250/500/1000 350,/1400/3000 240/350 33,000 100,000
[ £dt (fb~ ')  3000/expt  250+500+1000 11504+16004+2500 5004150042000  10,000+2600 3000 3000
[dt (107s) 6 34343 (ILC 3+3+3) 3.1+4+3.3 5+5 6 6

+ 3+3+3

¢ Electron colliders offer clean environment but

reduced rate
¢ Complimentary to LHC programme??
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HL-LHC Benchmark Scenario

« Approved running to deliver 300 fb! by ~2021 ' |

¢ With 20x Higgs boson production so far

« Post LS3 operation at 5x10%**cm2s" (lumi leveling)
¢ 25 ns bunch spacing (deign, c/f 50ns so far)
¢ 140 events per bunch crossing (c/f 20 in 2012)
¢ 3000 fb! over 10 years

¢ Detector upgrades needed

¢ Detectors deigned for 10 years only

¢ Need to cope with radiation damage and pileup

¢« Aim to maintain or enhance physics performance
¢ Trigger is a key component:

¢ Thresholds not too dissimilar to today

> Mandated by need to study the Higgs boson |'

WARWICK
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Event complexity

¢ ATLAS & CMS were desine for mean 2 vents

W40 )

per bunch-crossing RS

« And continue to do an N '
excellent job with 35
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What have we learned?

¢« The experiments are working remarkably
¢ Operations, detector performance and simulation

¢« The SM is in great shape
¢ N(N)LO calculations match data very well

% ; o) J,r — T T 7T T T T T T T 1 T T T 1 T
9106 = p.® ¢ W Y(1,2.38) = C _NLO QCD(pp} Q Sin gI ele pt (8TV}241 32pb —
a = i 2, = = ¥ Single Lepto (?TVH?Q 12 pb B
E = v ] B Approx. NNLO (pp) 4 Dilepton 173 ' pI:l
u=:105 L “"NLOQCD(PB) 5 pjlhadronic 167 = 81 pb
E 102 | ApProx- NNLO ( pP) Combmed 177 Gpb g ]
10% = = CDF =
= - 4 D0
W UtYs mass 2s0f
102 - 10 | 200
- CMS Preliminary
10 = 1501
. = \s=7TeV, L =40 pb’ #/ ATLAS Preliminary : X
% 1 .'l’J 1 | R T I I
- N ol ||| [l 2 3 4 5 B

L 10 2
L 'u- mass (GeV/c?)
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HL-LHC Physics goals

¢« HL-LHC will be alone exploring multi-TeV
¢ There will be a wide physics programme
¢ | report on some of the Higgs boson studies

¢« Higgs Sector

Couplings

Rare decays

CP studies

BSM Higgs boson searches
Higgs boson pair production

¢
v
v
¢
-
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Higgs bosons: 14 TeV, 3ab"

100000000 M Total Events

v 1OOM HiggS ® Non-hadronic
¢ cff2MTLEP ™

¢ 20K H>ZZ— Il roo00ce
- 4OOK VV 100000
¢« 50 H —>J/L|JV 10000

1000
100000000 100
Higgs
10
FaCtOry bb | MM cc ag vw Ww ZZ Zy  Jlgy

10000000

¢ Over 1M in all
major production

1000000

ag VBF WH ZH ttH
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Trigger Uupg rades

L~ NO phyS|CS can - _ ?MS SimLIJIati?n 1'I§=14Tel‘uf.Ll=2.2lx11|]” clm-zs-li. Eﬂlns
be done if the woos EEE—————
data are not
recorded

¢ Plot contrasts | |
Phase 1 CMS o e e e
5x10%*cm=s’ D CMS note ig_ooz N K B[I}Eﬂiciency {‘;ﬁ{;[}
Wi” need an ArXiv:1307.7135v1

{MUpgrade |

H- 1t
] Current

H—er

WARWICK
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Tools used for study here

full Geant4 simulation under two conditions:

¢« ATLAS derived detector response functions from |
¢ <y>~50 assumed for 300fb™"

> Includes IBL and LAr trigger upgrades

¢ <p>~140 assumed for 3000fb™’
¢ Full ITK inside ATLAS
¢ Also studies of pileup variation on calorimetry.

¢ Largely validate ES extrapolations I
> Photons slightly worse, MET and b-tag improved |

¢ CMS
¢ Studies scale current analyses
¢« Assume detector upgrades keep current performance
¢« Augmented with full-simulation studies '
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3500 J- T T T T I T T T T I T T T T I

- * Delphes PU140
3000 — Summer13 Full Sim PU140

¢ CMS muon momentum " cusesermasom
in fullsim compared with ...
Delphes parametrization =
used here E

L ATLAS muon pT O.E,F - 005 o0 oo - 0%1

(P - pEyp2”"
resolution in ITK and o O
Cu rrent ID Compared %F ﬂ_gg— | =0.1 ATLAS Simulation Preliminary —;

095F —MS ATL-PHYS-PUB-2013-009

« Important gains at low p. TE o

02 - TK =

¢ Both detectors use more ..
pessimistic performance ot
for current studies Dnsx&" o

ts/0.003
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-009/

More G4 studies

S 4oL ATLAS Simulation Preliminary ~ _

: . S - 25 ns bunch spacing ATL-PHYS-PUB-2013-009
S MISS @ 140 Parametrisation —
N ATLA ET reSOIUtlon o - —e— Z'— T, (u) = 140,67 (u=140), calib. .
: g . 2> 12060 o insies, () = 140, 6" P(1=140), calib. E
with parametrization 4 100E e 1.0 = 140,05 (i ). cate E

overlayed
¢« ATLAS b-tag fake rate |
for 70% efficiency 0L

]
1000 2000 3000 4000 5000 6000

compared with rate > E; [GeV]
assumed for ES 8 oot mmoz | ATLAS Smuation Preliminan]
- % 0.08F ITK u=80 =
StUd |eS E 0.075— — ITK u=140 ATL-PHYS-PUB-2013-009 é
. oot — ITK n=200 e

¢ |ITK brings enhanced oost ——ES e
tracking 0045 et

¢ Mistag below 0.5% for  coz=2 i
<py>=140 p.=100GeV 0E =

__

Jet P [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-009/

Higgs results so far

ATLAS —o(stah - Total uncertainty
ls=7TeV,L<5.1f" Vs=8TeV,L<19.6fb" m,, = 125.5 GeV z:f::‘i) + ic onp
CMS Preliminary m,=125.7 GeV H- vy ToEs|  ariviisorazy —
Pgy = 0-65 _ {55033 "o =
alhar 1| NOUE TOUI  —
; +0.35 arXivi1307.1427 :
H— bb — H— ZzZ*— 4l ~032 : —
nw=1.15x0.62 ' _ 1 43+o_40 -0.13 : : =
. 1 3 D DO DU D = 00
: +0.20 arXivi1307.1427
H— 11 - H— WW* > viv | %2 5 —
w=1.10+ 0.41 : +023 : —
= 0 99+0.31 :
: ¥ 0.28 | 00 : | —H— |
H — E Combined t0:13 arXivE:1307.1427 —
uiTo 77+0.27 — Hoyy, 227, WW- o e | ——
= : +0.21 |0 : ;
: m=133 ‘gl o T N
H—» WW :
1 = 0.68+ 0.20 —— : W,Z H— bb 105 : ATL.?S—CONF—2013—O79
: Preliminary 0.4 _—
! w=0.297 ; :
H%ZZ E -0.6 |<0.1 ..‘.}.‘.‘l‘.‘.g....‘.‘.‘
u=0.92+0.28 —-— H— Tt (8TeV: 13 fb™) ATLAS-CONF-2012-160
1 1 1 | | 1 0 1 0 i 1 0 1 0 | 101 1 | | Preliminary +O 7
0 0.5 1 1.5 2 2.5 n= 0-770_6 | | |
BestflthGSM — —
\s=7TeV |Ldt=4.6-48fb" -05 0 05 1 15 2
Vs =8 TeV [Ldt = 13-20.7 fb" Signal strength (u)

¢ Sensitivity of 'big 5' differs only by about a factor 3
¢ There is a rich programme

THE UNIVERSITY 'CF

Science & Technology Facilities Council
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— _ [7)] - . _
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c - 4 T L ] £ - -
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- BWH . ] - BWH . B BWH ]

800__ ZH - 15—_ ZH . 3_ ZH .
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400 i | . C . B ]

- _——___ - - 5k ] 1:— —:

2001 3 : i : : a :
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41

: - X Selected signal event rates
¢ ngh_purlty signal T 20 L Wi VEE mIE
possible 3000fb" 35 57 67 97 3800
¢ Separate into all 5
production modes RN 22

Onl 1bl -LHC
¢« WH, ZH use lepton e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

[ Run Number: 209109
— Event Number: 76170653
Date: 2012-08-24, 08:31:00 CET

EtCut > 1.0 GeV
PtCut > 0.4 GeV
Muon: blue
Electron: black

¢ Cells: Tiles, EMC

VBF H- eepp candidate/
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ATLAS Simulation Preliminary

o o A @ =) ' L L ' 7]
3 L ATLAS Simulation Prellmlnaryr 1 3 i E 150— ATLAS Simulation Preliminary -
a 1 = 40000 - £ — . .
5 600*5“‘ J o o & j““-—..._m det:S{]oo o' s=14 3 N + ﬂ J L dt = 3000 fb, {s=14 TeV |
& [ N L dt=3000 ! {S=14 TeV e, e Simulation J& H H + i ]
L - |m l?{'ﬂ%d i | B P ----- Background Fit 100_ 7 ﬁ%ﬂ{}}_ﬂ} } + + ----- gg g%{lnm Fit ]
400~ 8 = - *'“‘-\\ - + % HHH T _
i T 20000 S {HﬁHﬁ JH+ e Lﬁﬁ
_ il - 50— H
200 — B
WL N T 7] gout N —t : | : : : | : ; wlE— } =
= Back d subtracted —#— Background subtracted events |
100001 . —— g%c:jkjrgit:nd subtracted events | (766.91- ﬁi S?inrgﬁn sublractede ﬂ* + Slgne?l Fit
| Fy ] &%
3 ot i +1++ Ui b fry i, Ho
s g * A ++++++++***'*++“* g #ﬂ g i i {|+H++++ Wity i
AT s L -167. ; ' ' ' '
100 720 740 760 foo 720 140 100 20 , 140 160
ATL-PHYS-PUB-2013-014 m, [GeV] m, ATL-PHYS-PUB-2013-014 m,, [GeV]

¢ Yield of O-jet scales Selected signal event rates
well with oxL 0 et Tet 2 et
: . 3000fb 490,000 12000 210
¢« But VBF signal rate is

Only 1 OX Curre_nt ttH, WH and ZH from ES study
¢ |s tracker optimal?

e & Technology Facilities Council
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2012-001/

¢« ATLAS has done studies with re-weighting 8TeV
¢ Applying the HL-LHC performance smearings
« Jet p. 30/35 GeV (300/3000fb)

¢ Backgrounds from tt, WW rise with event pileup

- But s/b IS good enough to exp 0|t mcreased rate

> = > U
S OE A7LAS Simulation Preli — s E 3 ATLAS Simulation Prel — =M .
e E Imuianon Fre Irl"III'IEll"j"- WW - Othar YV = s BG{}— imuianon Fre ImlﬂEll'j"- W - Othar W —

& 35F {s=14TeV/ Ldt=30001b" Clr . DSmewe & C 5= 14 TeV| Ldt= 3000.0 fb" =
4“_-:; 3[33— H-WW*—evuviuvey + = 2j = ggI;: EME _E % 500 H—WW*—evuv/uvey + > 2j =.;,E|Ir Emf}a _
ul — 7 o : 7]
G 2s5F VBF like, 300fb? E o 400F VBF like, 3000fb*
206 E 300F =
15F = .
10 .
. P .
50 100 150 200 250 300 50 100 150 200 250 300

m_ [GeV] ATL-PHYS-PUB-2013-014 m; [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

H-WW

¢ The event yields in the WW mode are large
Selected signal event rates

¢ The systematic errors zooom:  0jet 1 jet 2 jet

are therefore critical ATLAS 42,000 22000 590
¢ And under study

¢ The bottom right table shows the estimated error
on the background processes in current estimate
and the published

Error, % 14 TeV 8TeV

results o = -
VvV 2 15
top 7 12
Z+jets 10 15
W+jets 20 30 '

& sc WARW ICK
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©45000=ATLAS Preliminary, — <107 .
2 40000 £ Simulation —— Background - 2 § We— ' —Background
£ - —— SM Signal x 20 3 2 N — SMSignal ]
L E e = - C o~ 7]
30000F- '8 = 14 TeV = w F BTV ]
= _ 3 — | Ldt = 3000 f’ ]
25DDD;_IL-:nt = 3000 fb E B ]
20000 F- = 60— .
15DDDE 3 B gTLﬂllSt Preliminary ]
— — I aimuianon _
= - A0 H—=Zy, Z—pplee ]
10000 - H—Zy, Z—ee = i -
5000F _)rInL = 20 :_ ATL-PHYS-PUB-2013-014 _:
D: [ B TR T R A [T *PIRR TN TR SO AN RN NN N N NN 3 : :
80 100 120 140 160 180 200 - 11]01]_! - } } } —
) = 5
My, [GEV] E?"__ BODE- =
= 600F- =
L s00F- =
¢ Tests loop structure : o H % HHJ(H J[ ! HJ[
¢ Related to H—yy £ Wl J[ E

rn1hr m&fGeV]

¢ S/b marginal

¢ But so was H—vyy sey  muy e

3000fb* 1500 1700 21 23

e & Technology Facilities Council
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H—pp

3000fb" at 14TeV offers new possibilities

_”]I|||||III|III|III|III|IIJ }5000: II||||I|IIII|III|||III|IIII_
010 = ATLAS Simulation Preliminary = @40002_ ATLAS Simulation Preliminary J
(5= 14 TeV . ElL = -
S 10°g 000 - H _5cev ] O 3|:][]|:]5—|'| S
g = | Ldt=23000 fo B — up, m = = : e ILdt:3DUUfb_1 -
£ 10°g e 4 T 2000 3
@ - B ] S E_T + =
Lﬁ 10? _W—}MVMV _;' E1UDU u"‘ —:
3 N b
S Of IR
g
@_1000F
m - L ]
w2000

a - « 5+B toy Monte Carlo
—=3000t — S+B model

-4000F ATL-PHYS-PUB-2013-014 — B-only model

_IIII|IIII|IIII|IIII‘I‘P‘I‘|'--T-I

2 1 1 1 1 I 1 1 1 1 | 1 1 1 | 1 1 1 1 - C1 111 | 1 1 1 | I 1 1 1 | | 11 1 | | 1 1 1 1 | 1 1 1
10780 100 120 140 160 180 200 ~°°fo0 110 120 130 140 150 160
m,,, [GeV] [GeV]

¢ H-pp
¢ Allows direct study of coupling to two different leptons
¢ Test lepton flavour-universality carefull

eeeeeeeeeeeeee logy Facilities Council
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

ttH, H—-yy

3000fb-" at 14TeV offers new possibilities

Il ttH
ATLASPrehmmary (Simulation) = 7H

=14 TeV - H
j L dt = 3000 fb"

Events / GeV

ATL-PHYS-PUB-2013-007

130 140 150
diphoton mass [GeV]

¢ ttH,H-vyy
¢ Sensitive to top in both production and decay
¢ Yields top Yukawa coupling

cccccccccccccccccccccccccccccccccc
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-007/

Higgs strength:

300fb'  ATLAS  [9,14] [8,13] [6,12] N/a [16,22] [145,147] [38,39]
CMS [6,12] [6,11] [7,11] [11,14]  [8,14] [62,62] [40,42]

H-y H-WW H->ZZ H-bb H—-TT H—Zy H—pp |
3000fb' ATLAS [4,10] [5,9] [4,10] N/a [12,19] [54,57] [12,15] I

CMS [4,8] [4,7] [4,7] [5,7] 5,8] [20,24]  [14,20]
¢ The ranges [x,y] above are not directly comparable I

¢« ATLAS compares two results
¢ Systematic errors as estimated today
@ Experimental control region statistics rise helps a lot
¢ With no theory systematic uncertainties

« CMS

¢ Systematic errors as today |
« Scale systematic errors: 1/VL (exp.) & 1/2 (theo.) '

Ut

ccccccccccccccccccccccccccccccccc
N 4 Rutherfordgj&ppleton Laboratory ‘ W. Murray 21 ‘ WA K_/I C ]<




Signal strength: details

At/ 300 fb~! 3000 fb™!
i All unc. | No theory unc. | All unc. | No theory unc.
¢ Total LIS H — pp (comb.) | 0.39 0.38 0.15 0.12
(incl.) | 0.47 0.45 0.19 0.15
on Iy part Of (ttH-like) | 0.73 0.72 0.26 0.23
story H— 77 (VBFlike) | 0.22 0.16 0.19 0.12
: H — ZZ (comb.) | 0.12 0.06 0.10 0.04
“ Se pa ratlon (VH-like) | 0.32 0.31 0.13 0.12
(ttH-like) | 0.46 0.44 0.20 0.16
Of (VBF-like) | 0.34 0.31 0.21 0.16
: (ggF-like) | 0.13 0.06 0.12 0.04
prOd uction H — WW (comb.) | 0.13 0.08 0.09 0.03
modes IS (VBF-like) | 0.21 0.20 0.12 0.09
: (+1j)) | 0.36 0.17 0.33 0.10
also Vltal (+0p) | 0.20 0.08 0.19 0.05
H > Zy(incl) | 1.47 1.45 0.57 0.54
H — yy (comb.) | 0.14 0.09 0.10 0.04
(VH-like) | 0.77 0.77 0.26 0.25
(ttH-like) | 0.55 0.54 0.21 0.17
(VBF-like) | 0.47 0.43 0.21 0.15
(+1j) | 0.37 0.14 0.37 0.05
ORI TR NN (+0j) | 0.22 0.12 0.20 0.05

e & Technology Facilities Council
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Overview of 3000fb" precision |%

e I
0.5

ATLAS HH —
—0.4

ATLAS TT —
ATLAS &Y —503
ATLAS YY — 0.2

ATLAS _
WwW 0.1

ATLAS 77 |
' 0

|
Total ggF VBF VH ttH

15 distinct modes expected to be measurable (back in 2009 we expected 7!)
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Extraction of couplings

¢ Extracting Higgs couplings from the oxBR
requires assumptions at LHC

ag - F_,c
[y

¢ As I'H IS not measurable, assume it is sum of SM

channel widths %
¢ Total width controlled by H—bb

¢ ccis a 5% unmeasured contribution

@ Assumed to scale with bb
@ For ATLAS bb/cc scale with Tt

¢ Assume no new invisible/undetectable modes
« Production/decay to particle a scales as K °.

og-Bli—=H— f)=

—_—
i Y
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Coupling fit results

KV Kw K, Kg K, K, K. sz Ku

300fb" ATLAS [8,13] [6,8] [7.8] [8,11] N/a [20,22] [13,18] [78,79] [21,23]

CMS [57] [4,6] [4,6] [6,8] [10,13] [14,15] [6,8] [41,41] [23,23]
3000fb' ATLAS [59] [4,6] [46] [57] Na [8,10] [10,15] [29,30] [8,11]

CMS [2,5] [2,5] [2,4] [3,9] [4,7] [7,10] [2,9] [10,12] [8,8]

¢ Fits assumes no new undetectable modes I
¢ The upper ranges are directly comparable |

¢ Sensitivity is a factor 2 apart
¢ ATLAS fit lacks bb mode; uses TT to fix fermions

ccccccccccccccccccccccccccccccccccc

ur Rutherford Appleton Laboratory ‘ W.Murray 25 ‘ WA ]k/l C ]<



Coupling ratio fits

KgKZ/

KH

300fb" ATLAS [3,6]
CMS [4,6]

3000fb" ATLAS [2,5]
CMS  [2,5]

K,/

L

[4.9]
[4.7]
[2,3]

[2,3]

KV/K

Z

[5,11] [11,12]

[5.8]
[2,7]

[2,9]

K/K, K/K,

[6.9]
[5.6]

[3,9]

N/a
[8,11]
N/a

[3.9]

K /K

Z

[11,13]

[6,9]
[7,10]

[2,4]

K/K, x,K

[20,22] [78,78]
[22,23] [40,42]
6,9] [29,30]

78]  [12,12]

¢ Generally good agreement between the two

estimates

[17,18]

[13,14]
[6,7]

[6.8]

¢« HL-LHC offers roughly a factor 2-3 improvement in

coupling ratio determinations.
¢ Especially if theory errors can be reduced.

ccccccccccccccccccccccccccccccccccc
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Coupling expectations

ATLAS Preliminary
(s=14TeV: |Ldt=300"; det=3000 b’

CMS Projection

T T | T T T T | T
Expected uncertainties on
Higgs boson couplings ratios

Kg® KZ!KH 1 1

T T | T T T T | T
— 300 "at fs =14 TeV Scenario 1
— 300" at fs =14 TeV Scenario 2

300fb*

L f

Ky ! Kz T 1

K./ K

b Z

Kl K5 1

lczflcg }

Kta"l‘:g

0.00 0.05
CMS Projection

1 I 1 1 | 1
0.10 0.15
expected uncertaintv

I 1 | I I 1 I | I
Expected uncertainties on
Higgs boson couplings ratios

Kg® KZIKH f 1

KT!'KZ 1 1

T e

bel{z 1 1

Ko/ Ky 1 1

KZ';KQ T 1

1 | | 1 | | | | |
— 3000 at fs= 14 TeV Scenarioc 1
— 3000fb"at fs= 14 TeV Scenaric 2

3000fb*

1
K/ Kg ;

0.00 0.05

| | 1 | | |
0.10 0.15
expected uncertainty




¢« ATLAS has studied
ZH— 11+ XX
¢ Sensitive to

Invisible Br about
10% with 3 ab™’

300fb-1  3000fb™

ATLAS [22,31]  [8,17]

o ET”“SS control vital

ATLAS Simulation is=14TeV, [ Ldt=

ZH — e*elutu invisible

Events / 30 GeV

Higgs-portal Model for ATLAS ATLAS Simulation Preliminary

——— o, B L]
.........
LT T el
TR
e A
;;;;;; ATy — XENON 10
..::;.:-\‘.":"? ------- MENON 1T
-rrr:i'!--n- - CRESE
T - | o

ccccccccccccccccccccccccccccccccccc

' Rutherford Appleton Laboratory

~ W.Murray 28 |

fH— II+|r11.r|5|hIe
Vs=14 TeV det 3000 i’

DM Mass [GeV]
WA RW I1C K



Direcct Higgs width study  |%
|

Dixon and Li arXiv:1305.3854

« CMS extract ' ,<6.9GeV from width of yy
« But T, S"=4.2MeV

¢ Interference exists between signal and bkd
¢ Shifts the apparent peak position

s 4r
3 - ATLAS Internal p =30 GeV
= 3 interferenc Simulatign A ry=1xr,
5 n . [ r,=10x r
g o preliminary I| —T,=100x st.q
JII - r,=1000x=r,
P 'i:‘ [—
n k7
- |I F
2 1N
ATL-PHYS-PUB-2013-014 1/
_|||||||||||||||||||||||||I-|||||||||||||||||||||||

al
'?DD 105 110 115 120 125 130 135

140 145 150
M,y [GeV]

3.5

3

2.5

2

15

"

0.5

0

-0.5

9

E  ATLAS Intarnal p, <30GeV
= Simulation '
- Apparent 1. r,= 1% !-le
=) r,=10xr
— preliminary H H.SM
— H.SM
= meveme Ty = 1000 % Ty, o
=
-
= i
= ATIT—PHYS-PUB|—2013-014 | "I |
10 115 120 125 130 135 140

¢ Could compare
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

¢ Interference depends on s/b & hence p.
« Compare H—»yy divided at p_.=30GeV

3 50001 > 3000 : :
0 B ATLAS Simulation Iy =200 % Iy gy =0.81 GeV o - ATLAS Simulation Iy =200 x Iy gy = 0.81 GeV
§ 4000 - Ld 30ab”, Vs=14 Tev P, <30Gev § 2500 JLdt=30ab”, V5=14Tev P, 230 GeV
- : After hackground subtractiol Data u - After background subtraction Data
E B - .. "
E = Fit to data & 2000— reliminar = Fit to data
= wf- Preliminary - - - Undisturbe dH_}” = - p y - - - Undisturbe dH—*rr
eeeee Interferen 1ooF ATL-PHYS-PUB-2013-014 \ e eeer Inferference correction
2000 Correcte dH—,yy T F d Cor t uH—W
\ 1000— ' m
1000 1A ", = \ {H } \“14
. T sunm | H lﬂhlu H| Ik + * * *
[ 0 ||I | |”4 I 1 o “T |T IRSEanuh |
ﬂ W 401 f WH i mw
-1000 |- S00— \ + H + } +
C ATL PHYS PUB 2013 014
_2[][] C I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _100 C 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1
Yo 115 12[1 925 130 135 140 P10 115 120 125 130 135 140
m,, [GeV] m,, [GeV]

¢« Comparing peak positions gives sensitivity:
¢ [,<920MeV from 300fb~, 200MeV from 3ab™

¢ Systematic errors not dominating
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

¢« Analyze decay angles of ZZ
system
¢« Express CP-odd(CP-even)

structure as g,(g,)
¢ Big sensitivity gains from HL-LHC

ATL-PHYS-PUB-2013-013

-] o I B I N IR RN R 5 2 """""""""""" IR R T
gm - ATLAS Preliminary Simulation E gﬂ, ATLAS Prellmmary Slmulatlon .
o' 15F . = o 150 =
7 . 8D Fit: 92/91 . &1} . 8D Fit: g/g ]

1 E 1 :
0.5 - 0.5}

oF E of

0.5F E 0.5/

_-|f— = —‘Ii—
&b E 1.5 3000 fb" 68%-95%CL
e : 7300 i 68%-95% CL -
ok g ] | R TR T ]
2215 1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15

| R
% R(g,)/g, (9,)/9,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-013/

o ttthreshold

BR(A — Zh)

¢« 2HDM's have extra doublet f
(H,A,H*,H)
¢ Coupling patterns Type | to

IV are studied ; ]
y: Type ” InC|UdeS MSSM 10500500 400 500 600 700 800 800

1072

type-1 2HDM, tanp=1, sin($-)=0.99 ]

¢ Studies of neutral sector congumtonswm onsette
sensitive to the mixing, tanf3 § (0 cus s s Lt 202
and m,. S pf wme Ziozmesas

¢ H/A decays have tt threshold & i S S PR

« Example search for Hto ZZ—"
« Discovery potential m_<2m for

; ol
” 1II.T1 1 i
_M'— 200 400 600 800 1000 1200 1400

m(ZZ) [GeV]
ccccccccccccccccccccccccccccccccccc
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¢ Both experiments study i
A—Zh search and coupling gz;i ,,,,,,,, //////”[ '
analysis of same model //////// -

¢« Two approaches

/////////////////////////////////

zzzzzzzz

¢ I //
complementary //////// ///////;
¢ Couplings Independent of m

// /////////////////////////

%
d3 o2 (}1 0 0.3
A ATL-PHYS-PUB-2013-016
CMSSm lation 2013 \.f_ 14T v L= 30001b
100F

AAAAAAAA

%
%

tan(f)

300 GeV

N —0.10 O 05 0.00 IO 65 I
& s, .CMS PAS FTR-13-024  cos(f—a)
W Ru th f dAppl t L boratory

0.08 006 006 0.08
ATL-PHYS-PUB-2013-015 cos(p - )
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Can we see the BEH field?

¢ The observation of a field filling space with weak
charge and energy density poses questions
about its gravitational impact

¢« We have seen the decay to ZZ, where the weak
charge of the Higgs is absorbed by the vacuum

¢ But we need to demonstrate the potential
¢ i.e. measure the self-coupling

O ——————————————————ETrEETS
i Y
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A
i
W

g TEETET
1y ' W)
g 200009000, - @----------- H
!
_ _ : Expected events
¢ Needs observation of Higgs pairs bbWW 30000 I
« Expected o, =40+3fb — 120K events e | ol
: ; : WWWW 6000
. Flpc!lng one was tough with ~500K events ,, 359
¢ But it is not enough wy

¢ Both the above diagrams (and more) contribute
¢ Negative interference :(
¢ Ongoing studies suggest some sensitivity
¢ Low rate makes high demands on detectors & lumi
¢ Theoretical studies suggest possible: 1309.6318

i Y
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http://arxiv.org/abs/1309.6318

CDF Run Il Preliminary, m =160 GeV

¢ Expectimprovements z 1o

to the programme £ p i Lo,
« Experimentally many E°f " o oo
analysis & [\ -CDFHi

improvements will be
made in 15 years

¢« New theoretical ideas B — ——
too. e.g. 0 %2 % % ieorsa L1u0m|no;|%y ()

¢ ArXiv:1306.5770v1 ¢« The programme will

@ Possible Hcc vertex .
o ArXiv:1305.3854 be richer than we see

> Width through ¢ Thanks to huge Higgs
interference sample + work

e e I O R
i Y
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>:|£‘ R L L L '__"—

- ATLAS Preliminary t 191

E — |Ldt=300 fo” W % 3

- 1 ,g -

- — [Ldt=3000 fb" P A

0'e E

2: T ,-"ff ]

107 d =

: A -

0tk w7 (s = 14 TeV -

:IIII$ 1 1 IIIIIII 1 1 IIIIII| 1 1 IIIIII| :
10" 1 10 10°

m, [GeV]

¢ The Higgs coupling strength plot
¢ |s this the 'blueband’ plot for the next 15 years?

ccccccccccccccccccccccccccccccccccc

N 4 Rutherford Appleton Laboratory ‘ W.Murray 37 ‘

WARW ICK



Summary

¢« 30 fb! of LHC data allowed the Higgs discovery
¢« 300fb! at 14 TeV allows many measurements
¢ 3000fb? allows much more:
¢ Precision Higgs couplings to 8 particles
¢« Coupling structure
¢« Higgs invisible width
¢ Discovery potential for heavier Higgs bosons
¢« Some sensitivity to self coupling
¢« The physics possible at a hadron collider grows
with experience
¢« We will surely exceed this programme
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Backup
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2HDM: H—-ZZ

CMS Simulation 2013
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50r
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tan(g)
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—95% CL exclusion
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2HDM: A—Zh study

CMS Simulation 2013 s =14 TeV  L=3000 b

CMS Simulation 2013 Vs =14 TeV  L=3000 b 100 ' . ' 9
100 50
7 =95% CL exclusion
50 —5¢ significance
m Allowed (couplings)
10
10
5
S 3 2
= =
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1Lma =300 GeV ) 1t §
—95% CL exclusion Type Il
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100 " @ 7
50t Type ll
50 A—Zh
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—Jo significance
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— I & S5r
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1t 1
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— & significance
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Full list: graphically

ATLAS Preliminary
(s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb™*

Houu  (comb.) ﬁ T

¢ This shows the Higgs-

signal strength in many Wil
analysis channels Tt (VoFhe)
¢ Nb ggF like shows (VH-Irké} """""""""""""""""""""
TOTAL Higgs strength ver-ae) [
accepted in analysis, not e R
the VBF strength (VBF-ike)
> Needs coupling fit oo
« Strong anti-correlation o e
between 0j/1j strengths ) —
1S eXPIOited in fit (VBF-(ILKE; -
(+0j)

0 0.2 0.4
ATLBHYS LB 2013.014
Au/u
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/

H->Z7Z: n acceptance

CMS Preliminary Vs = 14 TeV

S S L L L B B

. CO ntraSt 8 500 — CMS PAS FTR-13-003 L = 3000 fb” ]

C M S g E Phase |l Detector - PU140 E

detector with &« | e g an

‘r]|<2 5 with ::> B Conf3: 2/2Z - 4p B

|r]|<4 Z I Conf4: 2/2Z — 4 ]

extension 2001~ E

¢ Acceptance ol -

INCreases - 4
40% O 00 150 200 250 300

¢« Worth full M, , [GeV]
study
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Jet thresholds

¢« Several ATLAS analyses use set of jet thresholds
designed to give 1% pileup fake rate
©« ZZ, Yy, ZY :
¢ These are calorimeter jets i
¢ Validated by tracks from PV e«

90

P; [GeVic]

> When available o

¢ Inside |n|<2.1 tracks are "
available 105
« Forn~4 a 50 GeV p. jet

has E=1.4TeV: rare

¢ But for 2.1<|n|<2.8 the threshold is high
¢ This impacts their physics

S E—— e O
i Y
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t—cH sensitivity

¢ t—cH can be O(10-) in 2HDM-IIl models, 10x
allowed t—c/Z rate.

¢ tt—>WDHc is studied with H—-yy

¢ Look for yyj peak

¢« Combine W-Iv

2500_IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIII|IIII|IIII

E - ATLAS Simulation tt— cH(yy)bW(had)
and W AT qq 2 2000:— :‘ —— Full simulation, 8 TeV _:

© : ==== Truth level 8 TeV

§ Preliminary i - Tru:h level 14 TeV

® 1500 '

¢ Sensitivity to Br of E
1.5x10*
500

¢ Other decay modes : .. - :
only add. 055506150300 30™ 306 350" 400 420" 500

diphoton-jet mass [GeV]
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