A circular ete™ collider to study H(125)? l”ﬂ

o Outline
¢ Introduction: A new era has just started
Strategic questions
Why is precision needed ?
The Boson and the LHC
The party line : International Linear ete™ Collider (ILC)
An advantageous alternative : Circular e*e™ Colliders (LEP3, TLEP)
e What ? Where ? Why ? How ? When ? How Much ?
¢ The LEP3 and TLEP Physics programme

* 6 6 o o

e TeraZ, MegaW, Higgs Factory, Top Factory
+ LEP3 and TLEP as a Higgs Factory with the CMS detector
¢ Conclusions
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Introduction (1)

Reminder : A new state was discovered by CMS and ATLAS
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+ Decayingin ZZ and yy, with Higgs-like properties, and m, ~ 125.5 + 0.5 GeV/c?
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Introduction (2) M

o This discovery strongly influences the strategy for future collider projects

+ We are now entering the precision measurement era
e Need to characterize the new state
= Measurement of Higgs branching ratios and related couplings
= Measurement of the Higgs coupling to the top quark
= Higgs quantum numbers determination
= Higgs mass precision measurement
= Higgs boson self couplings
= Total Higgs decay width
e Need to determine the (tree-level) structure of the theory
= Invisible Higgs decays, Exotic Higgs decays
= Parameterization of deviations from SM through higher-order operators
e Need to evaluate (new physics) loop-induced effects
» Interpretation of the H =»yy and H =»gg branching fractions
= Precision electroweak measurements
= Precision mass measurements (W, Z, top, ...)

¢ LHCdiscoveries at 13 TeV (2015-2022) will lead to an even broader horizon
e Will strongly influence the strategy for future collider projects as well
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Strategic Questions ﬂ \

o Question #1
+ What is the precision needed for all these measurements about H(125) ?

o Question #2

+ Can the LHC measure H(125) with enough precision and answer enough questions?
e Ordo we need a complementary machine ?

o Question #3
+ If one needs a complementary machine, what is it ?
e pu” collider? Yettoo hypothetical, too far in future — not addressed today
e Yy collider? Too limited a physics programme — not addressed today
e e*e” collider? Well established linear collider projects exist (ILC, CLIC)
e Ifete”, linear or circular?

o Question #4
o What can a circular ete™ collider do for us ?

Patrick Janot PH Seminar
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Question #1 : Precision Needed (1)

a Couplings

+ Many channels are open — most couplings can be measured from decays
e Large theoretical uncertainties (2 - 6%, mostly QCD) — needs improvements
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e Are the effects of new physics measurable ?

Jny = 125 GeV
Decay BR [%] Unc. [%]

bb 57.9 3.
TT 6.4 6.
cc 2.8 12.
o 0.022 6.
wWw 21.6 4.
ag 8.2 10.
2z 2.6 4.
rYr 0.27 5.
2y 0.16 9.
[ H [MeV] 4.0 4.

[3.4]
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Question # 1 : Precision Needed (2)

o Couplings (cont’d)
+ Typical tree-level coupling modifications from SUSY
e Pseudo-scalar A very hard to find at the LHC for moderate tanfl and m, > 200 GeV

4 2 2
2 Ghbb Ghrr 200 GeV
IV 1 0.3% <200 Gev) It _ Jhee o 1 17% ( 00 Gev) = ~ 1+40% (
GhsmVV ma ma Ghs\ibb Ghsyrr ma

ghSMtt ghSMCC

- 1 TeV?
_ /7ghbb — 9 :1+1.7%( ¢ )
= Large effect on Hbb and Htt coupling Ihsubb _ hswr

To be measured a priori as precisely as possible

Essentially decoupled from Electroweak Precision Measurements

+ Typical coupling modifications from composite Higgs models
e All couplings reduce together according to the compositeness scale f

1 TeV\?
gnff ~ ghvv ~ 1-3% ( € )
Ghsmff GhsmVV f

To be measured a priori as precisely as possible
Eventually visible in Electroweak (High) Precision Measurements

[5.6]
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Question #1 : Precision Needed (3) ﬂﬂ

o Couplings (cont’d)
+ Typical loop-induced effects from top partners (e.g., stops)
e Light top partners are needed to solve hierarchy problem

1 TeV > 1 TeV)?
Ihgg 1+2.9%< ¢ ) : M:1—0.8%< ¢ )
Ghsmag mr Ghsmry mr

To be measured a priori as precisely as possible

+ Per-cent-level measurements sensitive to new physics at the TeV scale
e Multi-TeV new physics needs sub-percent precision
e Some models / parameters give effects of the order of 5%
e Underlying new physics affect differently each of the couplings
» Precise measurement of all couplings gives a clue of the nature of new Physics
= Very precise electroweak measurements would complete the understanding

o Mass
¢ dBR,4/dm,~-2%/GeV; dBR,,,/dm,~+6% ; and do,,/dm  ~-3% @ 125 GeV.

e A mass measurement to 5o MeV is enough for all practical purposes [3.6]
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Question # 2: The boson @ LHC (1) M

o TheLHCis a Higgs Factor
gg_ y Process Diagram Seg{g:s[fb] Unc. [%)]
+ Total cross section at 8 TeV : 22 pb
e 1M Higgs already produced gluzjns-igl:on j:b 19520 15
e 15 Higgs bosons / minute
vector.boson T 1578 3
] ] . fusion SN
+ Five different production modes .
e Many couplings testable WH 697 4
+ Do we really need another machine? ZH 394 S
ttH % 130 15
o Fundamental measurements: i

+ o *BRforall channels XX —-H —YY
e Production:gg—H, VBF, WH, ZH, ttH - Only the first two seen so far
e Decay:yy, ZZ, WW, tt, bb, un - Only the first three seen so far
o o(XX)*BR(YY) =I'(XX) * I'(YY) | T, ,.(H)
e Cannot extract couplings without assumptions on the total width
= Either measure ratios of couplings, or make assumptions.
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Question # 2: The boson @ LHC (2)

a CMS projections assuming no exotic decays and reduced set of couplings

+ Also assumed stable trigger/detector/analysis performance [7]
e Irrespective of pileup conditions CMS Projection
1 T | I I I I I I I I I I I I I I | I I
Expected uncertainties on F— so0t"at 5= 14 Tev
-1 H|ggs boson coup"ngs [— 300fb"at 5= 14 TeV w/ scaled sys. unc.
+ Approved program (300 fb™! @ 13 TeV)
e 10-15% on fermionic couplings R |
L] . K T 1
e 5-6% on bosonic couplings v
. K 1 ]
e 5-10% on couplings through loops ’
Kp
Ky ]
¢ HL-LHC (3000 fb"l1 @ 13 TeV) .
e Constant systematic uncertainties | | |
' 0 0.00 0.05 0.10 0.15
=» Moderate improvement (30%) expected uncertainty
o . :
» 5-10% precision on couplings Uncertainty (%)
e Scaling systematic uncertainties Coupling 300 fb—7 3000 b7
] Scenario 1 | Scenario 2 | Scenario 1 | Scenario 2
=» Factor 2-3 Improvement For 6.5 5.1 5.4 1.5
= 2-4% precision on couplings KV 5.7 2.7 4.5 L0
_ - _ Ky 11 5.7 7.5 2.7
e Might not be sensitive to new physics Kb 15 6.9 11 2.7
K 14 8.7 8.0 3.9
= At scales beyond ~500 GeV . 8.5 51 5.4 9.0
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Question # 2: The boson @ LHC (3) w;vﬂ

o ATLAS projections for partial width ratios ATLAS Preliminary (Simulation) L8]
+ Insensitive to most systematic uncertainties 's = 14 TeV: [Ldt=300 fb"'; [Ldt=3000 fb
e While keeping some sensitivity to new physics JLat=300 fb™ extrapolated from 7+8 TeV
T 17T 1T 1T l T 1T T
I,/ T,
+ Approved program (300 fb™1 @ 13 TeV) /T )
® 20-30% on most coupling ratios C0 . i i
® 10% on gyyww/9hzz L /T,
o i
e 5%ongy,/9,;; r,/T,
¢ HL-LHC (3000 b1 @ 13 TeV) I /T,
o Improvement by a factor 2-3 for most ratios . e |
Ty /T,
= Except 9,,ww/91z7 .
e Might not be sensitive to new physics L, /T,
= At scales beyond ~500 GeV rgeT, /T, | |
el b Ly 1
Note : any precise measurement of one of the couplings 0 02 04 06 08
would lead mechanically to the determination of the others AT, /Ty) Al /xy)
/Ty Ky /Ky
Patrick Janot PH Seminar 1

30 Oct 2012




a Difficult couplings : Htt and HHH

+ Preliminary analysis from ATLAS for ttH
e Inthe ttyy final state

300 ATLAS Preliminary (Simulation) I ttH
F=14TeV |

B I P

= Selection with one lepton

e wa  a aw we a a aw e

+ Measure signal strength with 20% precision

A WAL A AW WA A M AW WA AL MR AW WA M A AW WA L W AW W e

e Potential for Htt coupling : ~ 10%
» With the 3000 fb~1 of HL-LHC
+ First look at the double Higgs production from ATLAS (a)
e Inthe bbyy and the bbWW final states : will be tough !
= Potential for the HHH coupling : ~ 30% (CMS + ATLAS, HL-LHC)
+ Larger potential of HE-LHC
e Cross sections for ttH and HH increase by large factors (7-10) at 33-40 TeV

110 120 130 140 150
diphoton mass [GeV]

= Substantial increase of the scale for new physics searches, too

o(14 TeV) R(33) R(40) R(60) R(80) R(100)
ttH 0.62 pb 7.3 11 24 41 61
HH 33.81b 6.1 8.8 18 29 42
e Is HL-LHC the LHC upgrade we want ? [7,8,9]
Patrick Janot PH Seminar 12
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Question #3 : Another machine ? ”Xﬂ

o So...do we need another, complementary, machine ?
+ Mass and Spin will be determined at LHC with adequate accuracy quite soon

+ But accuracy on couplings is limited to ~5%
e Farfrom the sub-per-cent level required, substantially model dependent

o It seems we would need it ... But what would be this other machine ?

+ Must measure couplings to the per cent, in a model-independent way
e u*u~ collider?
= The longest-term project (if at all feasible)
Very good prospects for total Higgs width direct measurement to a few %
Ideal for additional, heavier, Higgs bosons (if any)
e yy collider?
= Probably the worst physics prospects
Large yy backgrounds into fermion and boson pairs; Untagged Higgs.
e et*e collider?
= Physics prospects are good and solid projects exist — Today’s focus.
Linear Colliders studied / conceived / designed for two decades

Patrick Janot PH Seminar
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a Higgs Physics at a linear ete™ collider e JEX) ] —
o Atthe HZ threshold (/s = 250 GeV, 5 years) " p7 Myu=125 GeV ;

Question #3 : A linear e*e™ collider ? (2) ”ﬁﬂ

e Tagged Higgs, largest cross section 100 £
e Individual branching ratios to a few %
250 fb™ . : 10F
e Invisible and exotic decays
e Possibly total Higgs decay width 1 -
0.1F "’
+ Atthe top threshold (v/s = 350 GeV, 5 years) [ !
350 fb? e Measure top quark mass with high precision 00TE TR | l
200 350 500 700 1000 2000 3000
= (Input to EWRC() /5 GeV]
e’ Z e
s At+/s =500 GeV, > 10 years running (ILC) W
Labs e Measure Htt coupling to 15% with ete™ =» ttH . TH e

2 ab

e Measure HHH coupling to 50% with ete” = ZHH

MH +>M/\/\<~H
¢ At+/s=1-3TeV (CLIC, ~ 5years) e’ 7 e ;

e Measure HHH coupling to 40% with ete™ = HHvv (fast simulation)
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Question #3 : A linear e*e™ collider ? (2) ﬂﬂ

a New Physics programme at a linear e*e™ collider ?

+ Could be fantastic ... yet no clue of the scale of new Physics from the LHC
e Might emerge from 2012 data, or from the 13 TeV run from 2015 onwards
e Yet no argument to go for 500 GeV, 1TeV, or 3 TeV

o The sole “guaranteed” physics consists of Higgs precision measurements

¢ The really unique physics programme shows up at the ZH threshold
e Might argue that higher energies give access to the ttH and HHH couplings
= But they can be measured with similar/better precision at the HL/HE-LHC

+ Top physics at the threshold is a nice addition
e To measure the top mass precisely (input to EWRC)
e To put precise constraints on o
e To look for rare top decays (new physics)

¢ Ultra-precise electroweak measurements at the Z pole and the WW threshold
e A must for the understanding of the EWSB mechanism and hints a new physics

Patrick Janot PH Seminar
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Question #3 : A linear e*e” collider ? (3) M

a The physics case not driven by the fact that the collider is linear

+ Advantages for Linear Colliders
e Studied for 30 years — and an example even exist (SLC)
= SLC took 10 years to reach 30% of its design luminosity
e Polarization of e~ beam is easy — electrons polarized at the source.
= Nice to have, but not really critical for Higgs study

+ Issues for Linear Colliders
e Known to be very expensive
= To be revised at the end of 2012; current estimate ~10 Gs.
e Luminosity is difficult to get
= nm beam size; each collision needs a new beam;
e Power hungry
= up to 300 MW, even at low energy
e Beam disruption by beamstrahlung effect
= Backgrounds (photons, e*e™ pairs); Beam energy smearing;
e Only one interaction point

Patrick Janot PH Seminar
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Question #4 : A circular ete™ collider ? ﬁ \

o Closest example : LEP2
¢ Wasinthe LHC tunnel
+ Reached a centre-of-mass energy of 209 GeV

0.16 g
0.14
(R P e i
0.1
0.08
0.06
0.04

sl L]

e Need only 15 GeV more per beam
¢ Peak luminosity was 1032 cm2s

Vertical beam-beam parameter

rrPP) FETT] PP YT PP VY PRYR (PP PP PP PO PR |

* - —
.By=5cm10y_3'5u‘m 0'0(2)“““‘ L
® Integrated IUminosity : 1 fb*/detector 0 200 400 600 800 1000
= Needs a factor 200 more Bunch current [uA]

= Note : LEP2 was not at the beam-beam limit
+ RF Frequency was 352 MHz
® 0,=1.6cm
¢ Luminosity lifetime was ~ 3 hours
e Dominated by Bhabha scattering, ete™ — e*e"
+ Beam power was 20 MW
+ Fourinteraction points, four detectors

o How can we extrapolate to get the missing GeV and fb*?

+ LEP3 would be the answer [11,12]
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The LEP3 option : Where ?

o Obviously in the LHC tunnel, too
¢ LEP2 parameters were not that far from what we want

¢ The cost would be minimized, by re-using
e The tunnel Save1 G$
e The cooling infrastructure Save 1 G$
e Two multi-purpose detectors (CMS/ATLAS) Save 1 G$
+ Also saves significant amount of time for construction
+ Integration in the tunnel : less difficult than LHeC (no concurrent operation needed)
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The LEP3 option : Where ?

o Obviously in the LHC tunnel, too
¢ LEP2 parameters were not that far from what we want

¢ The cost would be minimized, by re-using
e The tunnel Save1 G$
e The cooling infrastructure Save 1 G$
e Two multi-purpose detectors (CMS/ATLAS) Save 1 G$
+ Also saves significant amount of time for construction
+ Integration in the tunnel : less difficult than LHeC (no concurrent operation needed)

1) 0, dafomneyTB0 ER_
N D s | Can also be made much simpler!
: ) ST
| G s ‘ After the 13 TeV programme
’;“,mé.,?f — e (with or without HL-LHC run,
| ﬁ R.,L,.ww;::_,(fy—’ | -l choice depends on physics in 2022)
7 A \5\3 | Before the 33 TeV programme
E, \ (Should HE-LHC be chosen as our
': R ,, B LHC upgrade, cannot start before
I :f’?‘mj:?:g;rr 2035 to have magnets ready) [13]
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The LEP3 option : Energy ? 1»”

a Energy chosen to maximize the HZ cross section / physics potential [14.19]
Higgs boson production cross section

o Maximum s at 260 GeV :212fb

N
[*}]
o

e o A
+ Only 6% smaller at 240 GeV : 200 fb § L Total cross section
§ - = HZ cross section —————
e Butreduces SR energy losses by 40% 3°*C = S
. & B T—
= Also reduces operation cost s / _ -

T T

e Best for Physics ~ 237+11 [28] | LEP2 / .
o Getting the energy at small cost 100 / +

¢+ SRenergy losses : 6-7 GeV [ turn

T T
e —
(¢}
fa

50 LEP3

e LC:120 GeV lost at each collision

:<........,

* WOU|C| need onIy 300-350 |Lc-type CaVitieS %00 210 220 230 240 250 260 270 _ 280 290 _ 300

Centre-of-mass energy (GeV)

e Gradient:20MV/m, Frequency1.3GHz ~ — SRR VBRI SAAP S0

190 —————————— »LCWS Baijing 28 Mar.2010 BTOP Rav.5 30.Jun.2010

+ Present parameters foresee 580 ILC-type cavities "1 e ——

e Toincrease the momentum acceptance

Yield [%]
"

= Needed for beamstrahlung, see later
e Total length : 818 meters (LEP2: 864 m)
RF power during operation : 50 MW/beam

2

+ lIssue : Power handling of the RF couplers
e Needs R&D - or use SPL cavities (700 MHz)
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The LEP3 option : Luminosity ? ﬂﬂ

o Getting a factor 100 in luminosity wrt LEP2 ?
+ Needs more focusing : Reduce f° from 5 cm to 1 mm and %, from 1.5 cm to 2 mm
e The LHeC optics can be applied and does the job !
= BeamsizesatIP: 0, = 71 um; 0, = 0.32 um, still quite relaxed.
+ Needs in turn shorter bunches
e ILC cavities : The RF frequency increases from 352 MHz to 1.3 GHz
= Reduces bunch length from 1.6 cm to 0.23 cm
+ Expected luminosity : 1.07 x 1034 cm™2s at 240 GeV (i.e., 100 fb*/ year / IP)
e Bhabha scattering burns the beams : lifetime ~ o(15) minutes
= Requires continuous top-up injection (with a B-factory-like design)
(Requires 6 GV more RF as well, for the accelerator ring)

Accelerator ring

Collider ring -

[12]
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The LEP3 option : Beamstrahlung ? (1) ”ﬁﬂ

o Luminosity at LEP3 obtained with 45 kHz repetition rate [16,17]
+ Hence the relaxed beam parameters : vertical beam size = 320 nm

e Tobe compared withILC: 5nm;or CLIC:1nm

L1l

1

—LEP3, L =10

+ Alot of good consequences 107

. . . —ILC,L__=0.
e Reliable operation of the machine C. Ly ,=0-88

inst luminosity (a.u.)

e Negligible beamstrahlung effects for physics
= ~100% of the collisions within 1%
of the nominal beam energy (cf. 88% for ILC)

msllll 1 IIIIHI| 1 IHIHI| 1 IlIJHI‘

= Beam energy spread ~0.1% (cf. ~2% for ISR) 100 105 0 15 A0
Beam energy spectrum perfectly known
e Negligible PU rate from yy interactions
= PU probability ~0.3%

cf. 4 events / pulse in CLIC
cf. 2-3 events / bunchin ILC
e Negligible backgrounds from beam disruption
= No specific requests for the detector

Tracker, forward detectors, ...

= No specific requests for background simulation
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The LEP3 option : Beamstrahlung ? (2) ”ﬁﬂ

o Luminosity at LEP3 obtained with 45 kHz repetltlon rate (cont’d) [16]
+ Small beamstrahlung losses are cumulative T .

L I O L I O L B L

e For each collision

macro particles

=

= 0.01% of the electrons have AE/E>1%
= 10°of the electrons have AE/E>2%
= 1072°of the electrons have AE/E>4%

11 1 ‘ 11 L1 L1 1 | I — I 1 1 L1 11 | 11
0 0.005 001 0015 002 0.025 003 003 004
(120-€ )IE,

+ Hence, beam lifetime decreasing exponentially with energy acceptance
e Unacceptable losses with a 1% energy acceptance
=» Beam lost in less than 1 second
e Large losses with a 2% energy acceptance
= About 1% of the beam lost every second, beam lost within in a minute
e Negligible losses with a 4% energy acceptance
= Requires more RF voltage to keep these energy tails in
(hence the 580 cavities for a very comfortable margin)
= Needs to study compatibility with the low-f optics
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Collider rings have historically delivered

The LEP3 option : Other goodies

a
+ According to design, and often exceeding it Parameter | Desigh | achieved.
e See mostrecent examples: LEP1, LEP2, PEP2, KEKB |- Buschcument | 0/5mA | ".00mA
+ Design LEP3 parameters give 1.1 x 103 cms™ at 240 GeV | 7o b 003 004570083
e Itisafactor2largerthanthe ILC at the same energy = |—oofamcemtio | 40% e
= Not counting the beamstrahlung effects in ILC it e
e The current parameters can be (and will be) optimized 7=t meenb o 2
= No showstopper has yet been identified AvREgradent | 6O0MVIm | 72MVim
a  Number of detectors

+ LEP3 can accommodate four interaction points (as was LEP2)

e Four detectors = four times the integrated luminosity

= All Higgs branching fraction measurements will be statistically limited

» Systematic cross checks

e Four collaborations = four times the number of people involved

= Important sociological argument

e Can accommodate two linear-collider-type detectors in addition to CMS & ATLAS

» 20 years of detector R&D and collaboration building can be capitalized

PH Seminar
30 Oct 2012
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The LEP3 option : Cost 1»”

o Could build LEP3 for a canonical 1 billion $

+ Obtained from the known price of RF cavities, klystrons, and magnets
e The rest of the infrastructure and two detectors exist already

¢ Afactor ~10 smaller than a linear collider, roughly

¢ Price of the Higgs boson ?
e Expect 100,000 Higgs bosons / detector over a period of 5 years at LEP3
= Basic investment in the two-detector configuration : ~ 5 k$ / Higgs boson
= Basic investment in the four-detector configuration : ~ 5 k$ / Higgs boson
Two add’l detectors cost ~ 1 Bs, but twice more Higgs bosons to analyse

e Expect 50,000 Higgs bosons over a period of 5 years at ILC250
» Basic investment in the ILC configuration : ~200 k$ / Higgs boson
Each Higgs boson is 40 times more expensive than at LEP3

Patrick Janot PH Seminar
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¢ Price of the Higgs boson ?
e Expect 100,000 Higgs boson
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The LEP3 option : When ? ﬂﬂ

a Possible timescale for LEP3 [13,15,18]
+ Conceptual design report at the end of 2014

e Need to study a few issues, of which:
= Power dissipation in RF Couplers
= Protection against synchrotron radiation
= Integration of the accelerator ring with detectors
¢ Ifthe case is still present, decision to go ahead taken during LS2 (2017)
e Depends on LHC physics outcomes (50-100 fb-*at 13 TeV)
e Technical design report in 2019-2020
o Ifthe case is still present, installation can start at LS3 (2022)
e Depends on LHC physics outcomes (300 fb*at 13 TeV)
e LEP took 18 months to install
+ Physics could start around 2024, for 10 years
e Fits well with the possibility of HE-LHC
= High-field magnets could be ready by 2032-2035
e Cohabitation with HL-LHC is suboptimal, more difficult, but feasible
= Would mean alternate periods for HL-LHC and LEP3
Could also do without HL-LHC : Depends on LHC physics outcomes

Patrick Janot PH Seminar
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A long-term vision for CERN : TLEP (2)

A 80-km tunnel around Geneva avoiding Jura, Saleve, and Vuache
+ Could host a 350 GeV e*e~ collider (called TLEP) as a first step

e Feasible by 2025 - 2030 ? Needs a long-term decision for CERN.

= LHC tunnel

HE_LHC 80km option
potential shaft location

Patrick Janot

PH Seminar
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A long-term vision for CERN : TLEP (2) M

o Three main physics arguments
+ Reaches /s =350 GeV (top threshold) with L = 6.1033 cms?, same RF as LEP3
e Top mass, o, rare top decays, WW — H, ...
+ With the available beam power, can accommodate more bunches at s = 240 GeV
e Reaches 5.103* cm2s at the ZH threshold (conservative)
= With 2 or 4 detectors, up to 40 x more Higgs bosons than the ILC at 240 GeV
+ Is extendable
e As asecond step, tunnel can accommodate a VHE-LHC
» /s = (8okm/27km) x (20T/8T) x 14 TeV = 100 TeV

LEP tunnel: 0.7 G$ R<F2X LEP3t
. ~ magnets
o Cost ? (from extrapolations) gkm LHeC: 0.25 G$ \v v/ +Mag

+ Tunnel and Collider would be the largest contributors : say 2.5 - 3.5G$ + 2 G$
+ Detectors would be next : say 1 or 2G$ for two or four detectors
+ Still less expensive than a linear collider : 5 to 7 Gs
e Individual Higgs cost over a five-year period : ~ 2.5to0 3.5 k$ / Higgs boson
= Each Higgs boson is, again, 50-8o times less expensive than at a linear collider
+ Ifyou had 10 billion $, where would you put them ? ILC ? TLEP + VHE-LHC ?
e Probably imprudent to decide now

Patrick Janot PH Seminar
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Machine Parameter Summary

. Parameter LEP2 | LEP3 | TLEP-Z | TLEP-H | TLEP-t
o Parameters not YEt OPtlmIZEd beam energy £5|GeV ] 104.5 | 120 | 45.5 120 175
circumference [km] 26.7 | 26.7 80 80 80
beam current [mA] 4 7.2 1180 24.3 54
# bunches/beam 4 4 20625 80 12
#e /beam [10"] 23 |40 2000 40.5 9.0
horizontal emittance [nm] 48 25 30.8 9.4 20
vertical emittance [nm] 0.25 |0.10 0.15 0.05 0.1
bending radius [km] 3.1 2.6 9.0 9.0 9.0
partition number J. 1.1 |15 1.0 1.0 1.0
momentum compaction ¢, [107°] | 18.5 | 8.1 9.0 1.0 1.0
SR power/beam [MW] 11 50 50 50 50
B [m] L5 102 0.2 0.2 0.2
B [em] 5 0.1 0.1 0.1 0.1
0% [um] 270 | 71 78 43 63
o*, [um] 35 1032 1039 0.22 0.32
hourglass Fi, 098 |0.67 0.71 0.75 0.65
ESRpe/turn [GeV] 3.41 1699 |0.04 2.1 9.3
Vg tot [GV] 3.64 | 120 [2.0 6.0 12.0
Omaxrr [%0] 0.77 |42 4.0 9.4 4.9
EJ/IP 0.025 1 0.09 |0.12 0.10 0.05
&/1P 0.065 | 0.08 |0.12 0.10 0.05
f:[kHz] 1.6 391 [129 0.44 0.43
Eace [MV/m] 75 120 20 20 20
eff. RF length [m] 485 | 600 100 300 600
fre [MHz] 352 | 1300 | 700 700 700
O™ s [%] 022 023 ]0.06 0.15 0.22
'ﬁ’ IanJI 1 Al () )2 () 10 () 17/ () )8
L/P[10%cm *s7] 125 | 107 10335 | 490 65
number of IPs 4 2 2 2 2
| _beam lifetime [min] 26() 16 74 29 54
Ygs [10°] 02 |10 4 15 15
n,/collision 0.08 | 0.60 |0.41 0.50 0.51
AE™/col. [MeV] 01 |33 3.6 42 61
[20] AE™S /col. [MeV] 03 |48 62 65 95
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The LEP3 Physics Programme (1) ﬂﬂ

o LEP3 as a Higgs Factory, /s = 240 GeV : Five years
+ With an instantaneous luminosity of 1034 cm2s
e 500 fb* [ experiment, i.e., 100,000 Higgs events in each detector

Signal BR (%) | Events P
H — bb 57.9 57,870

H— WrW- 21.6 21,630

H— gg 8.19 8,200

H— 1ttt 6.40 6,400

H — ¢ 2.83 2,820

H— ZZ 2.62 2,620

H— vy 0.27 266

H— Zy 0.16 160 e+

H—utyu 0.02 22

= With Z — e*e” or p*u~, measure G,

Count events independently of the Higgs boson decay
= Then measure G, x BR(H — XX)

With exclusive final state selection, including invisible and exotic decays
= Obtain model independent measurements of HXX couplings

See CMS study for the achievable precision
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The LEP3 Physics Programme (1)

a LEP3 as a Higgs factory, /s = 240 GeV : Five years (cont’d)

+ Backgrounds are manageable, rates are small — as at LEP2, very basic trigger suffice

| Background | o(pb) |  Events | Rate (Hz) |
ete” > Z*/7* — qq 50 25,000,000 0.50
ete” = Z*/y* = 411~ 12.5 6,250,000 0.12
ete” - WHW~— 16 8,000,000 0.16
ete” — 77 1.3 650,000 0.01
ete™ — Wev 1.35 700,000 0.01
ete” = Zete™ 3.8 1,900,000 0.04
ete” — Zuvv 0.032 16,000 -
efe —ere (Bhabha) | 5,000 2.510° 50

Yy =070 ,qq 15,000 | 75100 | 150 |

e Large Bhabha scattering cross section (above 5° off the beam axis)
= Allow the integrated luminosity to be measured to better than 0.1%
No systematic from beam energy spectrum (no beamstrahlung)

+ Can also measure other Higgs properties (no difference wrt linear collider)
e Mass
e Spin from HZ threshold scan
e CP from angular distributions
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The LEP3 Physics Programme (2) M

a LEP3 as a Higgs factory, /s = 240 GeV : Five years (cont’d)
+ Direct measurement of the W mass with ete™ = W*W~ =» qqqq, Ivqq
e With ~8 million WW events in 5oo fb?, and extrapolating from LEP2 figures
= Statistical uncertainty on m, ~ 1 MeV/c? [ experiment

+ Requires a precise beam energy measurement, from the knowledge of m,
e With ~650,000 ZZ events (of which 400,000 without Z = vv)
= Statistical uncertaintyonE,__ , ~ 5 MeV [ experiment
e With 1 million Z(y) events (with Z =» ete”, utu") [radiative returns]
= Statistical uncertaintyonE,__  ~ 3 MeV [ experiment
May be improved with the use of Z = hadrons ?

+ Combined expected accuracy on m,,
e With 4 experiments
= Canreach a combined precision on m, of ~1 MeV/c?
Today, LEP + Tevatron reached a precision of 15 MeV/c?
Will be difficult to improve at the LHC beyond 10 MeV/c?
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The LEP3 Physics Programme (3) M

a LEP3 as a TeraZ factory, \/s ~ m, : One year
+ With the available RF power, can keep 50 times more current at v/s ~ mZ
e Distributed in 200 x 200 bunches
= |dentical bunches as at 240 GeV : same beamstrahlung, same pileup, ...
e But instantaneous luminosity of 5 x 1035 cms™
= 250 times larger than the linear collider GigaZ option
= Integrated luminosity three orders of magnitude larger
5 ab? [ experiment, and four detectors
Total of o(10*2 Z) : LEP3 is a TeraZ factory
Can repeat the LEP1 programme every 10 minutes
Continuous detector calibration cancel all experimental uncertainties
+ Interesting observation : Event rate
e Z decays + Bhabha events (1°) + yy collisions add up to a rate of 25 kHz
= CMS high-level trigger currently collects events at a rate of 1kHz
A factor 25 to find ?
= Luckily, CMS events at LHC are big and slow to process
Especially with 30-40 PU events
Typically 20 times bigger/slower than a LEP3 Z hadronic decay
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The LEP3 Physics Programme (4)

o LEP3 as a TeraZ factory, 1/s ~ m, : One year (cont’d)
¢ Repeat all LEP1/SLD measurements with 25 to 100 times better precision

Measurement Fit  10™®-QMjg™mees
i 0 2 3
35 —
i ALEPH i % N,=2 m,[GeV] 91.1875=00021 91.1874
a0 :_ DELPHI 3 % N I, [GeV] 2.4952 + 0.0023  2.4965
i L3 obg[nb]  41.5400.037  41.481
i OPAL =4 - R 20.767£0.025  20.739
25 — Y * kY
- 4 “\ AY 0.01714 £ 0.00095 0.01642
i AP) 0.1465 +0.0032  0.1480
o R, 0.21629 = 0.00066 0.21562
£ R, 0.1721£0.0030  0.1723
b 15 |- A 0.0992 £ 0.0016  0.1037
i A 0.0707 £ 0.0035  0.0742
i A, 0923+0.020  0.935
L A, 0.670 = 0.027 0.668
- \ 4 T A(SLD) 0.1513+0.0021  0.1480

Q) 0.2824+00012  0.2314
my\[GeV]  80.425 = 0.034 80.389
N IR B B R B B I, [GeV] 2.133 = 0.069 2.093

® 89 °0 o o2 °s o o5 m, [GAV] 178.0 £ 4.3 1785
Energy (GeV)

N, = 2.984 = 0.008

o L:
e E: Requires beam Energy measurement (resonant depolari

quires Luminosity measurement (dedicated luminomegters)
tion)
e P :Could require beam Polarization (towards A, ; measurement)
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The LEP3 Physics Programme (5) ﬂﬂ

o Digression : Luminosity measurement
+ Dedicated luminometers from 1 to 5 degrees of the beam axis
e Placed in front of the focusing quadrupoles
= No specific study done for LEP3 yet
Negligible beamstrahlung is a great advantage

= Need theoretical developments to understand o, ._ to better than 5 x 105

e+e-
a Digression : Polarization and polarization measurement
¢ LEPa1:reached 60% polarization with a single beam at 45 GeV [21]
e Polarization was lost in collision because of design flaws
= Should be possible to maintain it with some care in the design
e Spin-rotator for LEP3 may re-use HERA, SuperB or LHeC experience [22]

+ Polarization in situ measurement, together with A ,
e Scheme with alternate polarized and unpolarized bunches exists [23]

¢ Not critical for the LEP3 programme at the Z pole
e Can be arranged as a separate programme for the A ; measurement
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The LEP3 Physics Programme (6)

o Digression : Beam energy measurement
+ Ultra-precise resonant depolarization method, unique to aring
e Precision limited to 2 MeV at LEP1 by the extrapolation to collision conditions
= At LEP3, can use one of the 200 bunches to make this measurement
No extrapolation needed ! : E (MeV]

44717 44717.5 44718 44718.5_ 44719

! DL B | TV

M
_1993_§_+ ............ +;+‘ .......... .
N F .
- ' ' Precision -
! - ~2x106

| PR v s s S e S S ——— i
101 48 101 481 101.482 101.483 101. 484

v

= Ultimate precision better than 0.1 MeV
Measure I', to better than 0.1 MeV

(limited to 2 MeV @ LEPa: tides; TGV, rain; + extrapolation)
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The LEP3 Physics Programme (7)

a LEP3 as a MegaW factory, /s ~ 2m,, : One year

o Reminder: What was achieved at LEP2

LEP Preliminary
20
- RacoonWW / YFSWW 1.14 DELPHI — 80.40 "% Gev
. .
— .t ¢ A L3 —A— 80.80 0 GeVv
= .
S g5 - .
g i OPAL  —%— 80.40 75 GeV
) :
- LEP  _ —9— 80.40 £ 0.22 GeV
10 - == ;
I W __==" : : common 0.07 GeV
i ——  YFSWW 114 - : :
B RacoonWw } -
5 | =T + I ‘
i @ - 79.5 80 80.5 81 81.5
16
: my, [GeV]
0 L | IS I IR | NI R S S R SR
160 170 180 190 200 210
- 2
E_[GeV] m,, = (80.40 = 0.22) GeV/c

¢ With1035cm™s?, i.e., 1ab™ in ayear (105 times larger data sample)
e Am,, reduced to 0.7 MeV per experiment (stat. only)
= Grand combination with 240 GeV leads to a precision of 300 keV on m,;
Resonant depolarization might not be operational atE,,, ~ 80 GeV
Alternatively, use 2x107 Z(y) events for a similar precision on <E, >

LEP 161 GeV W mass (10pb-'/expt)
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The LEP3 Physics Programme (9)

o Will pave the way towards future facilities at the energy frontier
+ All electroweak measurements become sensitive to weakly interacting new physics

e Each observable depends on S, T,U in a different way

= For example:

A(SLD)
sin®6%'(Qy,)
My
1-‘W

Q,,(Cs)
sinzem(e'e')
sinzew(vN)
gOvN)
ga(VN)

March 2012

10
M, [GeV]

m, =94%) GeV/c’

my < 152 GeV/c® at95% C.L.

6 March 2012 m ;. = 152 GeV

5 Aagd =
— 0.02750+0.00033
-+ 0.02749+0.00010
4 -+ incl. low Q® data
3 ]
2 —
1 -
{LEP LHC
0 excluded . A excluded
' — ]
40 100 200
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The TLEP Physics Programme

o Same as LEP3, with less synchrotron radiation, plus...
+ Five to ten times more luminosity at 1/s = 240 GeV
e Candoin acouple years what a linear collider would do in 40 years.

+ Two to five times more luminosity at v/s = m, or 2m,,
e Ultimate precision for all electroweak observables

05

+ Top physics at v/s = 350 GeV

04

e Measure the top mass to 5o MeV :
e And more Higgs measurements X:

= More statistics for HZ

= WW fusion opens up for g,,,,w 02 |

- ~T SMall ffH ] 01 |

 rzH P L Am,, =+100 MeV

- —— WW fusion ] i P

r 1 ZZfusion . ol o
300 I N 346 348 350 352 354
200 1 :

| <

- : 6]

1 I .
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Precision Measurements with CMS ? (1) ﬂ \

o The CMS detector exists and runs in pp collisions
+ Data can be used to check the predictions of the simulation

<
\
\‘ ’/ - -
3 Y/ D/ 8 ’ Z
{ / %
i / [ 4
- - o |
= 3 ¢ . 1L : o
'l’,/ / "’j'e ﬁ: - _Al
/., AN a ’ L o
9 \
iy,
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Coil (4T)

LEP3 needs focusing
quadrupoles at +4m

Very small CLIC

Muons )
ECAL prototypes exist
and would fit !
+ Next challenge : Accelerator beam pass-through !
e Or more creative solution ?
Patrick Janot PH Seminar
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Precision Measurements with CMS ? (3)

o Anoctantin the transverse view

Key; Muon
Electron
Charged Hadron (e.g.Pion)

<unj Neutral Hadron (e.g. Neutron)

Photon

Transverse slice

hO

Silicon
Tracker

Electromagnetic

h + Calorimeter

/ ¢ 2|4 I *7 il
Hadron o ot
Calorimeter Superconducting il
Solenoid AU
Iron return yoke interspersed
with Muon chambers i)

5m 6m

+ Large magnetic field, efficient tracking / muon Id, fine ECAL granularity, simple design
e Well suited for particle-flow reconstruction

= Although not initially designed for that (unlike LC detectors)
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a A global event description:

Precision Measurements with C

LEP3

© Lison Bernet

Patrick Janot

PH Seminar
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Precision Measurements with CMS ? (5) ﬂ \

o Comparison with a typical LC detector

Object CMS LC
Jets 50%/\/E+4% 25-30%//E
Missing energy 50%V2E 2556 ZE
Muon momentum 2% 0.2%
Electron momentum 2% 0.2%
b tagging 30% 50%

c tagging or gluon tagging not yet attempted in CMS

¢ CMS typically 2-10 times worse than LC typical detector
e Not areal surprise : it was not optimized for e*e™ collisions
= Let’s see the impact on Higgs precision measurements (CMS vs LC detector)
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Higgs Precision Measurements with CMS ﬂ \

o General comment about the analyses
+ All“results” given in the next slides are realistic, but also very conservative
e Full CMS detector simulation is used throughout
= 500 fb* were simulated/reconstructed for signal and backgrounds
Simulation of the 5 years of LEP3 could be done within a week
= No optimization of the reconstruction was attempted, e.g.,
Tracking could have been made more efficient for the simple LEP3 events
b tagging could have included soft-lepton tags
Upgraded pixel detector could have been used in the simulation
Jet algorithms could have been optimized
» The exact same analysis tools as for the recent CMS Higgs search were used
e Very basic selection algorithms were developed
» Mostly because analysis started in June and had to finish July 315t ...
No multivariate analysis was attempted
No constrained fits were used — only simple jet energy rescaling so far
e Inthe grand combination with four detectors, all detectors are assumed to be CMS
= While at least two would obviously be LC-type detectors
e Not all Higgs decay channels have yet been addressed
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Higgs Precision Measurements with CMS ﬁ \

o General comment about the analyses
+ All“results” given in the next slides are realistic, but also very conss

e Full CMS detector simulation is used throughout
= 500 fb* were simulated/reconstructed for sigp

acombination with four detectors, all detectors are assumed to be CMS
while at least two would obviously be LC-type detectors
ot all Higgs decay channels have yet been addressed
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Measurement of the ete™>ZH cross section

o Model-independent measurement with Z — et*e”, utu”
+ Two oppositely-charged same-flavour leptons
¢ With possible Bremsstrahlung photons, invariant mass within 5 GeV of the Z mass
+ Reject radiative events (ISR) with p;, p,, acoplanarity cuts (+ photon veto)
e Display the mass recoiling to the two leptons, and fit (Crystal Ball + pol3)
= 3.1% precision on O,

e If the invisible decay width can be excluded, request the recoil to be visible
= 2.6% precision on G,

Z -> |+1- with Higgs -> visible |

[ Z -> I+l- with H -> anything | CMS Simylation

CMS Simulati

> = = 1800
@ 2200— - E _ % [ _
o E [— signal £ LEP3, 500 fb", ¥6=240 GeV 2 E | Sienal ¥ LEP3, 500 fif', {5=240 GeV
] 2000 [ % All backgrounds ::::j hy 1600 [~ | %% All backgrounds ;::::
- E o |—z b @ C o |=—zz L,
- - foso ey c — P
£ 1800 | — s 1400 |=— ww
c oY - — elee
D 1600 |= Zvv.ZeeWev B & E Zvv,Zee,Wev o5
E - St 1200 |— - s
F - <0 - oeele
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o rtos F <
E s 1000— RSt
— [ XXX KXY
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o R 800—
1000 F e
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Measurement of the ete™>ZH cross section

o Model-independent measurement with Z — et*e”, utu”
+ Two oppositely-charged same-flavour leptons
¢ With possible Bremsstrahlung photons, invariant mass within 5 GeV of the Z mass
+ Reject radiative events (ISR) with p;, p,, acoplanarity cuts (+ photon veto)
e Display the mass recoiling to the two leptons, and fit (Crystal Ball + pol3)
= 3.1% precision on O,

e If the invisible decay width can be excluded, request the recoil to be visible

= 2.6% precision on G,
Comparison with ILC studies

| Z->I+I- with H -> anything |

— 1 40 T T T T T T T T T T T T T T
> E Al 4+ - ]
o — ! ZH - utu~ X -
o E [== signal J LEP3, 500 fb", o 120 ]
N 2000 |#a% Al backgrounds & ~ e Sig+Bkg m
/] - — 77 ‘, -
£ 1800 |, s £ 100 i e
> E | — s S g -
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Measurement of 6,,, x BR(H>Invisible)

o Same approach as before
+ With the requirement that the event consists of only the two leptons (+Brem)

e Display the mass recoiling against the two leptons (with BR, . .. = 100%)

invis

+ Complete the analysis with Z -> b bba

e Force the events to form two jets, and apply very pure b tagging criterion
e Invariant mass with 15 GeV of the Z mass

e Same cuts on p;, p,, acoplaparity, as in the dilepton case

+ With BR,

invis

e Can exclude BR;,

=100%, megsure 0, t02.2%

. values all the way down to 1.5% if not signal is observed

= |n that cas
[ Invisible Higgs with Z to I+l- |

, measure 0, to 2.7% (with the visible final stat

CMS Simulation [ Invisible Higgs with Zto bb | . .
> 2000 CMS\Simulation
3 C > 800

[ [== signal LEP3, 500 fb", 5=240 GeV @ F
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i - % All backgrounds N 700 |,
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Measurement of 6,,, x BR(H>bb)

o Leptonic final state: Z — e*e”, utu”
+ Exact same selection as for the 6,,, measurement
e Force the rest of the event to form two jets, and apply a tight b tagging
= Precision of 3.1% on G,,, x BR(H>bb)

a Missing energy final state: Z — vv
+ Exact same selection as for invisible Higgs with Z — bb
e Substitute
= Precisi

issing mass for visible mass, and display the rescaledvisible mass
n of 1.8% on o,,, x BR(H>bb)

[ Z->llwithH->bb |

| Missing Energy Channel |
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Measurement of 6,,, x BR(H>bb)

a The four-jet channel : Z — qq

+ Force the event to form four jets, all identified as hadronic jets (particle multiplicty)

+ Nossignificant missing energy : visible mass > 180 GeV

+ Four jet energies rescaled to satisfy E,p conservation (directions unchanged)
e Distance to ZZ and WW hypotheses in excess of 10 GeV
e One pair compatible with a Z, the other (the Higgs) with mass larger than 100 GeV
e If several such combinations exist, take that with the largest b tag for the H pair

= Display m,;=m,, + m;, —91.2 GeV

. ] | Four-Jet Chahnel | ) .
+ Background shape taken from simulation N \ CMS Simulation
[
. d . O 1200 = Signal LEP3, 500 fb", {5=240 GeV
e Fitto a3 order polynomial P 5 A veckgroma] >
c
+ Signal fit to a double Gaussian &' B
- - _a
e Precision of 1.5% on ,;; x BR(H>bb) 800

600

o Combined precision : 1.0% 400
+ Hot news: 5Cand 6C improve this by ~20% 200
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Events / 2 GeV

o Analysis similar to the bb decay
+ Substitute tau tagging for b tagging
e Addressed only the hadronic and leptonic Z decays
= No mass determination in the missing energy channel

o Combined precision of 4.3%

Q
I
N

X

w
2

T

1

2

H -> tau tau with Z to I+l-__|

H—ott with Z— qﬁ|

Measurement of 6,,, x BR(H2>T*1")
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Measurement of 6, x BR(H>W*W")

o Many Z and WW decay channels analysed

+ Leptonic decays

e Select the lepton pairs as for the HZ cross section measurement
e Request the recoiling to consist of
» Either four hadronic jets (WW — 4q)
With anti-b-tagging cut (rejects H — bb)
= Or an additiopral lepton, missing pT > 15 GeV, and at least one jet (WW— lvqq)

H -> WW (2l4q channel ) . H -> WW (2I12¢glv channel
| (2149 )| CMS Simulation | (2129 ) | /CMS Simulation
> 160 > 40
v F v
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e Background from other Higgs decay channels significant
= Take if from the SM for the time being. Will do a global fit eventually.
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Many decay channels analysed (cont’d)

a

+ Hadronic Z decays, fully leptonic WW decays (WW — lvlv)

e Two leptons, opposite charge, opposite flavour, mass between 10 and 70 GeV/c?

= Same lepton flavours also studied, but statistically less interesting

e Missing transverse momentum > 25 GeV/c

e Recoiling system with N >10 and compatible with the Z mass (+25 GeV/c?)

Invisible Z decays, fully hadronic WW decays (WW — 4q)

4

e Request four jets, no electron, no muon, no tau, anti-b-tagging cut

e Missing mass > 75 GeV/c?, missing momentum > 30 GeV/c, direction > 25 degrees

CMS Simulation

| Missing Energy Channel |

CMS Simulation

| H -> WW (2qlviv channel - Opp. Flavour) |
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Measurement of 6,,; x BR(H>W*W") 1»”

a Combined precision on o,;; x BR(H2>W+*W")
+ Can potentially improve with a study of the fully hadronic final state (6 jets)
e Being worked on
¢ The four individual channels give a precision of 11.9%, 11.7%, 12.8% and 9.7%
e Combines to a precision on o, x BR(H®W+*W") of 5.6%

a Toward a measurement of G,;;, Xx BR(Hcc, gg)
¢ The above assumes the SM (or the measured values) for the other signal channels
e Small and dominated by bb in llqqlv and in 2qglviv
e Larger, 50% bb and 50% gg+cc in ll4q and in 2v4q
e The llqq final state (two jets, anti-b-tag) is instead enriched in gg and cc (no WW)
» Could simultaneously fit gg and cc together with WW
Take bb and ZZ from the measurements
e Under study as we speak
= Would benefit from the upgraded pixel detector
= Would benefit from dedicated c and gluon tagging algorithms
e We know that it is possible from ILC studies.
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Measurement of 6,,, x BR(H>yy)

o Quiterare adecay ...
+ About 250 H -> yy events expected in 5oo fb
+ Main background consist of double radiative returns to the Z mass
e e+e- — vvyy, eeyy, UUYY, TTYY, and qqyy (both photons in the detector acceptance)
+ Two photons with energy > 40 GeV, in the tracker acceptance, isolated
e Take the pair for which the recoiling mass is closest to the Z mass

4

Reject radiative events
e Higgs momentum direction more than 25 degrees away from the beam axis

e Rapidity gap smaller than 2.0 [H - gamma gamma |

CMS Simulation

> 350¢
o E = Signal LEP3, 500 fb”, {5=240 GeV
2 300 . % All backgrounds
‘g C — Z.>qqbar
[ ] Ll [ _ — >4
o Selection efficiency ~ 60% ol

¢ Precision of 14% on G,;; X BR(H>Yy) 200
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Measurement of 6,,, x BR(H>u*w")

o Evenrarer a decay ...

¢ About22 H->u*u~ events expected in 5oo fb
e Definitely need the four detectors here : almost go events expected !
+ Two oppositely charged muons (+ potential bremsstrahlung photons)
+ Mass recoiling the muon pair with 15 Gev of the Z mass
+ Reject WW -> uvuv by requesting two add’l jets
e Alsorejects Z -> vv (20% of HZ)

+ Reject double radiative mm events by requesting no purely electromagnetic jets
e Alsorejects Z -> ee (3.4% of HZ)

| Higgs -> mu+ mu- | . .
320 CMS Simulation

+ Display the muon pair mass

o A 40 excess

+ Precision of 28% on G,;;, x BR(H>u) 2205

3

2 3002 = Signal LEP3, 500 fb™!, {5=240 GeV
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LEP3 (2) | LEP3 (4)
OHzZ 1.9% 1.3%
OHz X BR(H — bb) 0.8% 0.5%
OHz X BR(H —TrT ) 3.0% 2.2%
OHgz X BR(H — WTIW~ ) 3.6% 2.5%
Oz X BR(H — ’)”}’) 9.5% 6.6%
OHz X BR(H — ],4 U ) - 28%
oz X BR(H — invisible) 1% 0.7%
SHz7 0.9% 0.6%
gHbb 1.0% 7%
SHre 2.0% 1.5%
SHcc ? ?
IHwWw 2.2% 1.5%
SHyy 4.9% 3.4%
S = 14%
SHtt - —
my (MeV /c?) 37 C2 D

+ Per-cent to sub-per-cent accuracy achieved on Hbb, Htt, HZZ, and HWW couplings

e (2)or (4) detectors assumed to be CMS.

Summary of LEP3/TLEP measurements ﬁ \

Under the very conservative assumptions already stated :
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OHZ

oyz X BR(H —)bb)

0'H2XBRH—>T+ )

0'H2XBRH—>W+W )

0'H2XBRH—)‘M U )

(
(
(
OHz X BREH — YY)
(

oz X BR(H — invisible)

SHz7

SHbb

JHtT

g Hcc

SHWW

SHyy

SHpup

JHtt

my (MeV /c?)

LEP3 (2) | LEP3 (4) | TLEP (2)
1.9% 1.3% 0.7%
0.8% 0.5% 0.2%
3.0% 2.2% 1.3%
3.6% 2.5% 1.6%
9.5% 6.6% 4.2%

- 28% 17%
1% 0.7% 0.4%
0.9% 0.6% 0.3%
1.0% 0.7% 0.4%
2.0% 1.5% 0.6%
? ? 0.9%
2.2% 1.5% 0.9%
4.9% 3.4% 2.2%
- 14% 9%
37 26 11

¢ HZZ, HWW, Hbb, Htt, Hcc : few per-mil precision; 4 detectors would improve further.
e WW — Hstill to be studied at 350 GeV; Not included here.

Summary of LEP3/TLEP measurements ﬁ \

Extrapolation for TLEP with 5 x more luminosity and 2 ILC-type detectors
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Summary of LEP3/TLEP measurements ﬁ \

a Comparison with ILC (Higgs Factory at 1/s = 250 GeV)

30 Oct 2012

[10]
ILC | LEP3(2) | LEP3 (4) | TLEP (2)

OHZ 3% 1.9% 1.3% 0.7%

OHz X BR(H — bb) 1% 0.8% 0.5% 0.2%

OHz X BR(H —TT ) 6% 3.0% 2.2% 1.3%

oz X BR(H— WTW™) 8% 3.6% 2.5% 1.6%

Oz X BR(H — ’)”}’) ? 9.5% 6.6% 4.2%

OHz X BR(H — y U ) - - 28% 17%

oz X BR(H — invisible) ? 1% 0.7% 0.4%

SHz7 1.5% 0.9% 0.6% 0.3%

SHbb 1.6% 1.0% 0.7% 0.4%

JHtT 3% 2.0% 1.5% 0.6%

JHec 4% ? ? 0.9%

IHwWw 4% 2.2% 1.5% 0.9%

SHyy ? 4.9% 3.4% 2.2%

SHup - - 14% 9%

8Htt - - - -

my (MeV /c?) 50 37 26 11

e LEP3:uncertainties typically smaller by a factor 2-3 than the ILC
e TLEP : uncertainties typically smaller by a factor 5 than the ILC
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Summary of LEP3/TLEP measurements ﬂ \

30 Oct 2012

Comparison with LHC and HL-LHC (CMS and SFitter projections) [8,23]
ILC | LEP3(2) | LEP3 (4) | TLEP (2) | LHC (300) | HL-LHC
OHZ 3% 1.9% 1.3% 0.7% -
OHz X BR(H — bb) 1% 0.8% 0.5% 0.2% -
OHz X BR(H —TT ) 6% 3.0% 2.2% 1.3% -
oz X BR(H— WTW™) 8% 3.6% 2.5% 1.6% -
Oz X BR(H — ’)”}’) ? 9.5% 6.6% 4.2% -
OHz X BR(H — y U ) - - 28% 17% -
oz X BR(H — invisible) ? 1% 0.7% 0.4% -
SHz7 1.5% 0.9% 0.6% 0.3% 13% /5.70/0 4.5%
ZHbb 1.6% 1.0% 0.7% 0.4% 21%/14.5%
JHtT 3% 2.0% 1.5% 0.6% 13% /8.50/0 5.4%
ZHecc 4% ? ? 0.9% ?/? ?
JHWW 4% 2.2% 1.5% 0.9% 11%/5.7% 4.5%
SHyy ? 4.9% 3.4% 2.2% ?/6.5% 5.4%
gHW‘ - - 14% 9% ?
JHtt - - - - 14%
my (MeV /c?) 50 37 26 11 100
e LEP3/TLEP exceed substantially LHC sensitivity
= Even in its highest luminosity version
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Conclusions (1) ﬂﬂ

o LEP3is an exciting project for Physics
+ Higgs physics better than the full 2 TeV ILC programme
e When combined with HL-LHC or better, HE-LHC, for ttH and HHH couplings
+ Unique electroweak precision measurements
e Sensitive to weakly interacting new physics beyond the TeV scale
= Together with Higgs coupling measurements

a LEP3is acheap project
¢ ltistherefore an interesting opportunity for Europe, for CERN,
e And even for the LHC and ILC collaborations !
» Even if they don't fully realize it as we speak ...
+ The money saved can be used for other exciting projects
e HE-LHC, VHE-LHC, CLIC @ 3 TeV

o LEP3is a popular project

o Alotofinterest around the world

Patrick Janot PH Seminar
30 Oct 2012 64



3 FNAL site filler, 2012
West Coast }:,‘ ,/O

design, 201@ I »:i;:r;' LEP3 on LI, 2012

s

>

W >% | T _.
| T & '

4 - ‘ o UNK Higgs

NG . Factory, 2012

A Chinese Higgs °
A Factory, 2012/

LEP3 (and circular Higgs Factory)

Is a popular project around the world




Conclusions (2) ”ﬁﬂ

o LEP3 might even be feasible, in little time
+ Almost everything is “off the shelf” — lots of synergies with other projects
+ Butitis not an “easy” machine
e Fitting LEP3 in the LHC tunnel together with LHC is not easy, and sub-optimal
= Need to weigh the relative merits of LEP3 + HE-LHC and of HL-LHC + HE-LHC
As an option for ATLAS and CMS
= The choice really depends on the LHC findings in the next 5 years
LEP3 operation could start around 2024-2025, for 10 years
e A number of accelerator issues still need to be worked out

= RF coupler, optics energy acceptance, 2" ring integration, synchroton
radiation, ...

a TLEP is a superior machine (energy and luminosity)
+ Atiny bit more expensive — although not as much as ILC

+ With a much longer timescale - requires a long-term vision for CERN
+ "“Extendable” towards a VHE-LHC
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Conclusions (3) ﬂﬂ

o Final concluding statements

+ Ifthe LHC measurements are not sufficient to show the way towards new
physics
e alepton collider will be necessary

+ For this purpose, LEP3 and TLEP can provide an economical and robust
solution

e To study the H(125) state with high precision

e To perform outstanding precision measurements of the Z, W, H (top)
e With higher statistics than a linear collider

e At more than one interaction point

o Within our lifetimes

Patrick Janot GGl Workshop : Higgs Focus Week
11 Oct 2012 67




