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LHC Upgrades Calendar and’ ekper \ | —
W\\ | SR

Phase 1 Upgrade—>Run 3 (2020-2022): twice LHC design luminosity
Event pileup reaches ~50-60 collisions per beam crossing (@ 25 ns)

*» Factor 5 Increase in trigger rates relative to 2012 run

" Phase 2 Upgrade>HL-LHC Runs 4,5,..(2025-2035+...): 5-7x LHC design luminosity J
Event pileup reaches ~140 collisions per beam crossing (@ 25 ns)

u\leed solutions to cope with very high rates (10- 15 x 2012), radiation and plleup

& : - = - -
M5O L= o2 xlO34 cm: 25 . CERN,E. Bordry, HL- LHC PrOJeCt

13-14 TeV il
injector upgrade % . 2
splice consolidation cryogenics Point 4 nominal

button collimators dispersion i rﬁrggg{i‘gn HL-LHC installation luminosity

R2E project suppression regions I

collimation ﬂ

2016 2017 2020 2021 2023 l l l

radiation
damage

"

2 x nominal luminosity

nominal nominal luminosity experiment upgrade

luminosity 75% experiment beam pipes phrase 1 experiment upgrade phase 2

;ﬁ:ﬁ;ref:;ms See plenary talks on ATLAS (C. Gemme) and CMS (M. Mannelli) upgrades Friday morning
. ¢ S. Gascon-Shotkin ‘Higgs Prospects for the Future’ ColumbliUnlv June 4 20. 4



Assumptions, methods and scenarios

[ \

& ATLAS: Use fast simulation to mimic the beam effects on momentum and energy
resolution, acceptance, identification and reconstruction efficiencies, fake rates,
etc. Some rescaling of Runl results for some analyses.

# CMS: Assume that upgraded detector will compensate the effects of higher pile-

up, use three different scenarios:

. . COttH
ATLAS Simulation B8 \WH

CJzH
f L dt = 3000 fb” __VBF

Z Some studies with fast simulation

CMS Simulation 2013 s =14 TeV L = 3000 fii’'

Phase || Detector - PU140

Events/GeV / 3 ab-1

Il diphoton
@ ttbar

Conf-3: H - ZZ* = 4
Conf4 H = 7Z7* = 4 i
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theory errors
CMS: Scenario - /

@& For H>vyy, WW, ZZ,
bb, tr:

300fb-1: Ranges from
6-22% (ATLAS),
6-14% (CMS)

3000fb-1: Ranges
from 4-19%(ATLAS) ,
4-8% (CMS)
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1
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CMS Projection
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T I 1 1 T I T
Expected uncertainties on
Higgs boson signal strength
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Expected uncertainties on
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ggs:Boson Properties: Couplings and
= B3 \ "** Event 140382 1 Goipling ratios] (1)

ﬁ

= Global fit procedure of LHC Higgs XS WG
(arX|v.1307.1347 ), modifier for each «,

effective k for loops, k,=2K;BR.for i in SM

CMS Projection CMS Projection

I T T T I T Y T [ T - I T T | T T T ] ] | T T T | T
Expected uncertainties on 1 300fb"at s =14 TeV Scenario 1 Expected uncertainties on 1 3000 at 5= 14 TeV Scenario 1
Higgs boson couplings — 300fb"at s = 14 TeV Scenario 2 Higgs boson couplings — 3000t at {5 = 14 TeV Scenario 2

0‘1e(2(lpected t‘J?\ggrtainty | | 0.190"""90"9" ”?"gg”a]my
‘2ALn L=1 ) (%) Ky Kw KZ Kg l{13 t KZ? Ku
300fb* ATLAS [8,13] [6,8] [7,8] [8,11] N/a [20,22] [13,18] [78,79] [21,23]
CMS [5,7] [46] [4.6] [6,8] [10,13] [14,15] [6,8] [41,41] [23,23]
3000fb* ATLAS [5,9] [4,6] [4.6] [57] N/a [8,10] [10,15] [29,30] [8,11]

._ [2,5] [2,5] [24] [3,5] [4.7] [7,10] [2,9] [10,12] [8,8]

TN AN e o ia Uni
T_&:ég 'S-Zf}?@;?\@b Qié'{iJ S. Gascon-Shotkin ‘Higgs Prospects for the Future’, Columbia Univ. June 4 2014



stvr Nemoar, oe Prvsigue Nvcuiams
v ot Paysigre ses Parmcuirs

AME E arkivionand - C. OER . ] ) N2P3
ons 1o 1190S BOSOR Properties: Couplings and =&

g Coupling ratios (2)
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# Fit coupling ratios to avoid assumption on tatal width ATLAS Simulation Preliminary
300fb-1: Ranges from 3-22% (ATLAS), 4-23% (CMS) 5= 14 TeV: L300 o fiet=a000
3000fb-1: Ranges from 2-10%(ATLAS), 2-8% (CMS) ~ B
7\‘WZ
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CMS Projection CMS 'I:'r‘ﬁl“‘*"ft":"l‘ —
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expected uncertainty o —A( Kx)
KHKZJ Kw/ K?;KZ Ky/Ig Kb“r KZ K_[/ KZ KufKZ KZ‘FKZ K‘-/KH XY

Ky K,
300fb' ATLAS [3,6] [4,5] [5,11] [11,12] Na [11,13] [20,22] [78,78] [17,18]

CMS [46] [4,7] [5,8] [6,9 [8,11 [6,9] [22,23] [40,42] [13,14]
3000fb' ATLAS [2,5] [2,3] [2,7] [5,6] N/a [7,10] [6,9] [29,30] [6,7]
CMS [25] [2,3] [2,53] [3,9] [3,5] [2,4] [7.8] [12,12] [6,8]
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nggs ’Bosb’n Properties: Couplings and
‘ 29@oupling Ra'nos (3)

CMS Projection

W0Mm at jaw

14 TaV

# Precision on
universal couplings to
fermions (kF) and
bosons (kV) at 1/ 2
sigma

# ~5% (10%) precision
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& -Higgs't BOsdn Pr‘dpertles Natural Width via H=>yy

A ”' [‘u 1 14 8.2 1"
S imi section: 171

gg%yy/gg%H%gg interference convoluted with

detector resolution shifts mass peak, function of
natural width (I'sy,=4.1 MeV), probable via pt,

N
~_ H Tty

Wt
e -

Y1

' Recall from S. Dlttmalers plenary talk yesterday

IS

ATLAS Simulation Preliminary P, <30 GeV

Apparent mass shift FH =1x FH SM
I'y=10x 1T gy

—— Iy =100 % Ty g,

—m Ty =1000 X Ty oy

do /dm,, [fb/GeV]

Dix

& Li, arXiv:1305:3854, S.P. Martin, arXiv:1303.3342
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L \_“' H>ZZ>vww| ATLAS CMS

300 fb1 | [23,32]% | [17,28]%

3000 b

Ind. couplings

8,16]%
ATLAS

[6,17]%
CMS

i+

0 300 fb! | [25,28]% | [14,18]%

: 3000 fb-1 | [12,15]% | [7.11]%
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~Higgs' Boson Properties: Field Strength Tensor g

'_f.ltr MNee

" Structure via H>ZZ*>4(

imi section: 17

A(H — ZZ) — f_?_l ({H”I%Flﬁz -+ {?Zf” f (2),mv +a f”l f )}il)

SM tree process loop CP-even CP-odd contributions
contributions BSM)

# Test for presence of extra anomalous CP-even (coupling
a,€<—>g,) and CP-odd (coupling a;<—>g,) coniponents

@ 8D fit involving kinematical variables sensitive to a, and a,
with free parameters Re(a;)/ a; and Im(a;)/ a, ; I=7{2,3}

(m4|’mz1|2’81,2’ (P! (P1 :e*)

°F"ATLAS Simulation Preliminary ] S 2ITATLAS Simulation Preliminary ] —
8D Fit: g /g, - 8D Fit: g /g, | # 95% CL limits: (0,0)

] corresponds to pure CP-
even ‘O+ SM state

S ] # Factor ~2-3

153000 o 68%-95% CL E 1.5/ 3000 fb" 68%-95%CL 1 mprovement In preciziby
F 30070 68%95%CL ] - 300fb: 68%-95% CL - o between 300 and

2515 1050 05 1 15 - 2 115 3000fb-1

1

lg4l/ g1 9"1(04)/9*1 3(9‘4#(11 lg2l/g91 Rig2)/91 I(g2)/ 91
300 fb-1 1.20 (-0.88,0.91) (-1.02, 1.05) 1.02 (-0.84.0.44) (-1.19, 1.18)

3000 fb-1 0.60  (-0.30,0.33) (-0.39,0.42) 0.60 (-0.30,0.11) (-0.71, 0.68)
S. Gascon-Shotkin ‘Higgs Prospects for the Future’, Columbia Univ. June 4 2014
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CMS ngg»s BosoanropertleS Field Strength Tensor Emmmss
| % B iseStructure ViagH>2Z*>4(

=1 2k _k i 1
AH = ZZ) =0 (ﬂ1mz€1e2 +ap D) O gy D) @) )
SM tree process loop CP-even CP-odd contributions " |
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0 0 0 9 111 1ty
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https://twiki.cern.ch/twiki/bin/view
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& Probe for new physics in New_
charged particle loops physics

@ Fit to m,, distribution in 3
categories in pTt and |An(Z,y)|

40000

T T T T
e

|

35000

/ [
Events / GeV

|‘W\H\HIHIHIHIHIH T ‘I T T I! T |I T 1 1I T |I R LI

Events / GeV
Events / GeV

— Background ™

\s
J Ldt = 3000 b — SM Signal
----- B-only fit

\s=14TeV — Background

JLdt = 3000 fb" — SM Signal
----- B-only fit

30000 \s = 14 TeV — Background

Ldt = 3000 b —SM Sigr.lal
----- B-only fit

—

25000

20000
ATLAS Simulation
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15000 ATLﬁiSnarS;mulanon

Prel
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2 o Rare Decays:t2¢H, H>vy (FCNC)

# Include hadronic +
leptonic W decays,
extrapolated
acceptances 8-14 TeV

# SM: BR(t—cH) =
3x10-15

# BSM: BR(t—cH)

o R towaWll  POSSibly as large

diphoton-jet mass [GeV] as ~10-5-10-3

# 95% CL limit on BR(t=>¢H) for tight jet pt cuts :1.5-1.7 X10*

—>tcH coupling<0.024/for 3000fb-1

:ATLAS Simulation tt— cH(yy)bW(had)

N
Preliminary .E Full simulation, 8 TeV
i Truth level 8 TeV
Truth level 14 TeV

events / 5 GeV

- ATLAS Simulation tt— cH bW(had .
(ry)bWihad) IL dt=3ab", Vs = 14 TeV ATLAS Preliminary
— Expected, tight jet p, cuts

Preliminary it Full simulation, 8 TeV
I ---. Expected, tight jet p_cuts, conservative bkg

Truth level 8 TeV
Truth level 14 TeV Expected, loose jet P, cuts

. = Expected, loose jet p, cuts, conservative bkg

events / 5 GeV
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“Search' 'Q'r.a‘dditionag-(BSM) Higgs bosons:

from.colpling’ measure ent reinterpretation
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N2P3

Search for additional (BSM) Higgs bosons:g

# Binned LH fit to the p* w
mass distribution, 2 categories
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Search for additional (BSM) Higgs

D A bosons via H>ZZ~>4/(

.: c X BR limits as function of m,, 3000fb-1 (ATLAS includes BR to 4/(), probe up to factor 40 below SM
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Search for additional (BSM) Higgs
bosons via H>Z2Z->4(

N2P3

xstvr Nemowar, oe Pavsigue Nucuian

v ot Paysigre ses Parmcuirs

EATRE

CMS Simulation 2013 Vs =14 TeV L-3000fo™ CMS Simulation 2013 s =14 TeV  L-3000 b~

LoOp
J0F

100 '
J0F

# CMS: 5c contours

in the tanB-cos( p—o.)
. plane, 2HDM Types |,
. [ -for 3000fb-1

Type |
H-ZZ
my = 300 GeV

tanif)
tanif)

H—2Z
my = 500 GeV

= 85% CL exchision
S Significance
Allowed [coupings)

— 059 CL exchizion
i - 1or 3o Significance 1
3 . I8 Allowed (coupings) |
) Type | :

= 93% CL exclusion Type |l = 93% CL exclusion
Eﬂnﬁlﬁ_[ﬂ;ﬂlﬂrﬁfﬁy] my = 300 GeVY Eﬂnﬁlﬁ_[ﬂ;ﬂlﬂrﬁfﬁy]
-6 -04 -02 00D 0.2 0.4 0.6 -0.15 -0.10 —-0.05 000 005 010 015
cos(fi—a) cos(fi—a)
CMS Simulation 2013 s =14 TeV L-3000fb™" CMS Simulation 2013 Vs =14 TeV L-3000fb"
100 - : - - 100p - - -

sof ] sob Typel

H-+Z27

my = 500 GeV

06 -04 02 00 02 04
cos(fi-c) '
S. Gascon-Shotkin ‘Higgs Prospects for th

el “005 000
C’:,, LS TA ey i EﬂS[ﬁ—&}
e Future’, Columbia Univ. June 4 2014

0.05

0.10

T 3 HIE LI EVEYR 1R




1y Search for additional (BSM) Higgs
). bosons via A=>Zh= (lbb

# & X BR limits as function of m, 3000fb-1 (ATLAS includes BR to (lbb)
: Binned LH fit to m, | # Bin-by-bin counting experiment

Configuration 3 with <Ny ,> = 140
T | T T T | T T T | T T T | T T T | T T T | T T T | T i
CMS Simulation 2013 [ B, Bj, Bjj-vbf, BB, BBE
{5=14 TeV L=3000 fp* Lo U tB. 1t B

Eh
A—s Zh— libb — A —Zh (m_ =300 GeV)

e A = Zh {m: =500 GeV
A Zh (m_ =800 GeV)

I T [ T Tt T [ Tt T T [ T T 7T
Ldt=3000f"  ## A—Zh,m,=700GeV
Vs = 14 TeV -
Zbb+Jets
- Z+Jets

Events / 30 GeV

Y4
ATLAS Preliminary, Simulation

Events / 50 GeV

Smd =
P L |

1 | B I e 1 | L I | L L ol - . n
600 800 1000 1200 s BRGNS 1000 1200 1400

My = mypp — My — My, + mg + mg. my [GeV] B PSR m(Zh) [GeV]

10L T T

—_— o, H
CMS Simulation 2013 93% CL exclusion

{s=14 TeV L=3000 fb"' 50 significance

Expected CLs
1c

20

a [tan{B)=1, cos(f-ct)=-0.06]
- Expected, I Ldt = 300 fb”

T 11 IIH‘ "l T TTTTT

ATLAS Preliminary, Simulation
I L dt = 3000 fb ™, Vs=14 TeV

300 400 500 600 700 800 900 A B v v v v v v b bvr v b v by v
m, [GeV] 200 300 400 500 600 700 800 900 1000

gg— A) x BR(A— Zh — libb) [fb]




00D

T o ey
AT AT TR TR T R TR T TR
P A P

e T .Y
A LTI L TR L TL L TR AL LRI N LR R R AR

3000

RN
R T T TS

R e N INNANN
AR e

SIS
YA

N .
R N

N 3

AORGER GG GR IR GOR R GGG T .; ugrree
| g

inacoesibie region

3 | Lo

3

thaory inaccesible ioin
ry inax reg

Maxmanes mALLAL AL

=3.‘LO!

=3

A\
A
>y AN

.
R

SIRRILAIRLINNINL NN,

A A T T T

i e

T T T S TN LR LYY 1Y

T T P g o

— tani

stvr Nemoar, oe Prvsigue Nvcuiams
v ot Paysigre ses Parmcuirs
— AN

o

e oy . SANRIANY

NN

b e i za,.f. -

R R R R R R R R R S
ll:lltllall:ll:ll:lltllall:l“’
FRAssan s AT ARSI
AN NN
AN N
SRR RN
B
IR
R
SN
RanaN
NN

e TR AR RIS R AT R AT AT AR AR A T |

14 TeV

AN o B
N A T

.-.“Mﬂ.!l_n}u.r S T DO ST S

v aLay mALLAL AL ALvALA AL AL

Pl a1 A R A T T A T T T R T ]

JE3sxiTas G ot s P i
D

4.....:......:.:...r.r...r.r...:....r.r...r.r...r.r......r...r.r...r.r...r.r...ru..h.r.r...r.r...r a7

RIS NN RS
T T T T T T T T T A L A A T A R LR R AR Y

3000 fb", fs=14 TeV
5 o discovery potential

2ZHDOM Type-l
3000 b, Vs

5 o discovery potential

2HDM Type-lI

u“uu“uu“uu“uu“uu“uu“uu“uu“uu“uu“uu“uu“uu“uu_.uu“uu Taiaan

RAvwaLLiLL AL RaALa

e o) SRR

(= =] © © ©o o
= S © & o
& @ v - &

Q
R R R
lall.ll¢tl;tl.ll-llnvwxl‘ll:llallnl

“
A TR R TLR LRI LY N

Univ. June 4 2014

SN

ATLAS Preliminary, Simulation [ ns
ATLAS Preliminary, Simulation [ ] wns

| Lt
| Ldt

3000 b~
1011
1011

Significance
Allowed (coupling

3
=

—035% CL exclu
)
L=3000 b~

L

5o Significance
Allowed (couplings

2o

—95% CL exclu

14 TeV

2HDM 1, Il

A->Zh=> (lbb

Ion in

Vs =14 TeV
Vs

—0.05 0.00

via

# Interpretat

500 GeV

-0.10

ma

—0.15

L
= W
—

(fue)

50

100F
CMS Simulation 2013

CMS Simulation 2013

bosons

ascon-Shetkin “Higgs Prospects for the Future’, Columbia

B N e s o D B O e W L L

.

A A SN NN NEAN AR AN NS N EN SN ANS AR AN SN
R

AN

region
300fb

e P Pl P P Lo

ARNANN ANNINRANR ALY
R

A R
B NN
e ANNANNAS
B NN
R .
ARTALITAA LR AL LA R IR TR RN

400, | Lt

400

V)
o)
i
L
—_
=
),
an
N
©
C
k.
m
©
®
S
et
Lo
ot
®
@
V)

400, | Lt
lill[

—_—,

RN S
~
NN

400
F31231] theory forbidden region

t71771| theory forbi

—_—m,

IIII

12N I:lm"

ton :]"\

, Simula
14 TeV
7

lat

I

NNy

e 3

e
A A L L A A A A A o T

A R R T NSNS SSSSSY.

.5
3000 b, fs=14 TeV

95% CL upper limit

2ZHDOM Type-l

M...:....r.:.r.r.. B L P P DO PO PR Ty

e

PEan s n s AR AT T ]

iminary
iminary

v A e P P L L P o P

Missaiseis N TR IR LR O] ™

3000 b, Vs:
= CL upper limit

2HDM Type-lI

NN AN Y

Saas
ANNANNNN ANNINNARNGAY

P P L L T PV P

L L D e P P L P
PEaaa e s p s g e L T e 2 A T T T A T T e g ]

T i e ] e e ot e ] s e g ol ] e e g g e et ol

Lo I = =« R

—

™

-

[ Lt

ATLAS Prel
ATLAS Prel
| Ldt

959




Summary and Conclusion

;‘/ Prosyects for of properties of the observed Higgs boson:
@-Signal-strengths: could be known to ~20% after 300fb-1
better than 15% after 3000fb-1
# Couplings and coupling ratios: couplings roughly the same as for signal
strengths, coupling ratios known to ~20% after 300fb-1
better than 10% after 3000fb-1
@ Natural Width: I';< 920 (200) MeV.for 300(3000)fb-1 from H-=>vyy,¥adep.
technique from H94[ less precise but the rethcally more consérvatlve
# Invisible branching fraction: S|m|Iarj®L|nd|Grg§ and dlr*eCt technlques |
constrained to ~30% after 300f-1 TR\ \ / / L o
~15% after 3000fb-1
# Field strength tensor structure: fraction
to ~20% after 300fb-1, <10% after BOOObe
# Observation of rare decays: H=>np- possabTe in R4 the\rest Run 4-5
# HH pair production and self-coupling: detectlon‘f/ro }th hhh nterference,
studies in progress, bbt*t-, bbyy most promisf géalsb‘bbzz with one
Z-> ([ with (={e, u} and the other ZSvv woyth fupther ex;plonng
# Prospects for for additional (BSM) Hrggs bo$ons ‘
# Indirect from couplings measurements and direct: In both eases could
probe large portions of 2HDM phase space starting even in Run 3

tr'rbutton consirained

@ If challenges from pileup and trigger rates can be met, the upgraded
LHC yvill provide the opportunity for precise measurements, and hopefully some Run/Event: 194108
surprises as well S. Gascon-Shotkin ‘Higgs Prospects for the Future’, Columbia Univ. June 4 2014Lumi section: 5723
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 04:24:49 2010 PDT
Run/Event: 140382 / 159943472
Lumi section: 171
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Experment at LHC. CERN

”Slgnal Stlrength' Precisjon Details

H — 77 (VBF-like)

H — ZZ (comb.)
(VH-like) 0.32
(1tH-like)

(VBEF- I|I\u

11 H—lll\; )
(rtH-like) 0.55

(VBF-like)

(+1j)

(+0j)

CMS: [Scenario2, Scenariol]
52 62 7 2
438 [ G717 58] 2021]
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LJ-IC XS WG Ceuphhg Fit Detalls

_umi section: 17

Global fits targeting the k factors

= L=300fb ", Scenario 1

L=300fb !, Scenario 2

L=3000fb "', Scenario 2
Do not resolve loops, effective _ — Les000ms . Scenario 1 |
coupling instead (kg, ky and kz,) : :

e
a-BR(ii—)H—)ff)chSM-BRSM’—z‘
K
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“#-The increase in center-of-mass energy from 8 to 13 or 14 TeV is usually
accompanied by a sizeable increase in production cross sections (in general X2
for SM Higgs)

# However the LHC experiments will be dealing with greatly increased pileup
(number of interactions per beam crossing will go from ~15 to 40)

# This will affect the efficiency to |dent|fy physms objects’, (electrons photons,

muons, jets...). The experlments are rrently reevaluatlng and reworking the

relevant algorithms.

# In particular, for analyses searchlng for\r\latl\yély Idw mass resonances,
triggering will be a major challenge-— S/~
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