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S [LHC Upgrade plan

Run 2

injector upgrade 5t07x

splice consolidation cryo Point 4 cryolimit L nominal

7 TeV 8 TeV button collimators DS collimation inrtyeraction . HL LH? luminosity
e R2E project P2-P7(11 T dip.) regions installation

Civil Eng. P1-P5 N\

2012 2013 2014 2015 2016 2018 2019 2020 2021 2022 2024 2025

BB

radiation

L s experiment
experiment experiment upgrade 2 x nominal luminosity P

zg:ﬁinal beam pipes nominal luminosity I | phase 1 = ; upg rade phase 2

luminosity | /—
30 fb! 150 fb" 300 b | o Thasy

By
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s mman w2 w

13 TeV
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EAE wasn HIL-LLHC : the challenge

G

High Luminosit9 (5to7 x L wrt now):

arger collision rate
arger Pile up: 40 (now) -> 140/200 interactions per crossing

”n'gher cletector occupancg

arge radiation backgrouncl

Long running Time (~ 10 Years)

— radiation damage

— ageing & obsolescence
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EAE wasn HIL-LLHC : the challenge

G

High Luminosit9 (5to7 x L wrt now):

arger collision rate
arger Pile up: 40 (now) -> 140/200 interactions per crossing

*n’gher c]e‘cector occuPancg

arge radiation backgrouncl

Long running Time (~ 10 Years)

— radiation damage

— ageing & obsolescence

Maintain / imProve Present Pemcormances
Exploit at best the HLLC Phgsics Potcntial
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ﬁiﬂdjﬂ e Omni Purpose Challenge

1. A

E‘xploi’c collider Po’cential to:

— extend reach for New Phgsics

— imProve 5SM measuremnts
s Higgs Properties ,
» top Pro[:)erties,
s diboson scattering, ...

— improve Precision measurements in the Flavor sector
This
® }‘zl{ rare B clecags talk

® top FCNC

Upgracle detectors without comPromising

any of the above
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Signiﬁcant upgrade for RUNZ (2019)
— usmall wheel forward
— Fast Tracking Trigger at L1.5
— Higher granularity calorimeter @ L
Phase 2
— Upgrade part of the u system
— HW LI trigger

— Replace tracking :

s S1+Gas —> Si onlg
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@Tj nsi ATLAS Tracking at HLLILHC

/01"!

Complctelg NEW Si ~based detector

Granularitg increased x 4

Track trigger information + rough toPological selection @ HW level

/

Strip Detector _ — =i
| otam 27
=

PST
I | I Ommﬁﬁmh
IST

T T T T
1.0 1.5 2.0 2.5 3.0 3.5

ATLAS Today " Tracker in HL-LHC — *”
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Trigger+DAQ
& Ll@750KHz, 12.5 us (now 3.6) latencg , HLT output 7.5 KHz (now ~ 1):
Bandwidth x 10/15, CPU x 15/30

Compact Muon Solenoid

New electronics for Barrel EMC

New electronics for u-system (CSC,DT)

high Py tracks @ L1
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e CMS Upgrade
Trigger+DAQ

& Ll@750KHz, 12.5 us (now 3.6) latencg , HLT output 7.5 KHz (now ~ 1):
Bandwidth x 10/15, CPU x 15/30

New electronics for Barrel EMC

New electronics for u-system (CSC,DT)

high Py tracks @ L1

NEW Fw Calorimeter
@ radiation hard, high granularitg
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Trigger+DAQ
& Ll@750KHz, 12.5 us (now 3.6) latencg , HLT output 7.5 KHz (now ~ 1):

Bandwidth x 10/15, CPU x 15/30

Compact Muon Solenoid

New electronics for Barrel EMC

New electronics for u-system (CSC,DT)
high Py tracks @ L]

NEW Fw Calorimeter
@ radiation hard, higl’n granularitg

Extend U coverage <3
& GEM+RPC
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Ay meitno CMS Upgrade
Y
Trigger+DAQ

& Ll@750KHz, 12.5 us (now 3.6) latencg , HLT output 7.5 KHz (now ~ 1):
Bandwidth x 10/15, CPU x 15/30

Compact Muon Solenoid

New electronics for Barrel EMC

New electronics for u-system (CSC,DT)
high Py tracks @ L]

NEW Fw Calorimeter
@ radiation hard, high granularitg

Extend U coverage <3
& GEM+RPC

New Tracker
radiation hard
higlﬂ granularitg
Iarger acceptance (n<4)

readout high Py tracks @ 40 MHz for L
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F(HE s The New CMS Tracker

NEW Lagout

N e DO
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- Pixel extended down to n<4

- less Aetector lagers 08 02/ g4 0. : : : |
* |
|
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W j UPIIE;S The New CMS Tracker

/on I

NEW Lagout

ess detector lagers  dl
bixel extended down to <4 1

Radiation Hard ol

0.2

-nonp detectors (how pon n) k

Increase granularitg

_ “ same Pitch

_ reduce s’crip lenght m o

.,__,\\\\\\\\\\\ \

Reduced material buclget */“’*JJ/'/U/;

1000 © 2000 2500 ‘z[mm]
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(@@V i Paoon The New CMS Tracker

NEW Lagout

ess cletector lagers

Hixel extended down to n<4

Radiation Hard

IERRE innnllnnnnllnnenflonool

- nonp detectors (now p on n) OSTT 15z 25 385 5 1 15 2 25 57%'-'5_1';1

Increase granularitg

Tracking resol

CMS Simulation Preliminary

ion Preliminary CMS Simulation Preliminary

T B s e A A Ramas B Rn e B s o B e
P, = 10 GeV muons

« Run 2 Deteclor

s Pnase 2 Detector

- itch R b R
. P « Run Deleci - + Run2 Detect _
same pitc Clmm ] SLA e T
-3 i Sl i o s U
e -};}’f" € P e e e s el !
RN " A T S 3 A A O ot SO H..; T R

_ recluce StriP lenglqt % ‘ £ | .._;_'. R ks E;}%.T'ﬁé: =

s

(6 p,/p,)

3

“\'h‘h I S § {5 S N— - ;:. - B
RN, i B -

Eni iy e i i [ ‘ j ]
P on S ; i, o

B

i AN T
R,

Overall increased resolution | __ i | - L

Eovecbrorrbori b devecbreecbor b d 107 T PO FRURR NN PR VORI O Frprey e Lrrted
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

Trackn Trackn Trackn
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e The New CMS Tracker

NEW Lagout

- less cletector lagers

- Pixel extended down to n<4

Radiation Hard

vl b bl 1 ]
115 2 25 3 35 4
n

~- non P cletectors (now P onn)

IO

Increase granularitg e , e

LTI T
I).,-'IUGSVMHE

+ Run Detector

o8 p /p)

- " o i : i 0% ! Frose2Dotctr - &
— same Pltclq 7 == e e =

- Y -
£
o

. Phase2Detector | .||

- .“,"..... [ B i
i l‘ i F. i
ST PR

- reduce strip lenght BEE~TURREN S R NS W E

L
R TN S i R ;
i T 102t ..-i‘..,.".,p....‘ S -

2 S

107 G

b B 10 NN . Ervel
4 -3-2 10 1 2 3 4 4 -3-2-10 1 2 3 4 4 -3-2-10 1 2 3 4

Overall increased resolution Track Trackn Trackn

Litrack trigger : Pon S, S on S modules
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(Qﬁ]}j masr |1 tracking with new CMS tracker

Two Si sensors stacked in one detector module, readout l:)g the same chiP

— Inner : Pixel + StriP (PS)

— Quter: StriP + Strip

“stub” paSS

IERRERER
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5 s ]y tracking with new CMS tracker

Two Si sensors stacked in one detector module, readout by the same chip

“Stllb”

— Inner : Pixel + StriP (PS)

— Quter: StriP + Strip 1+4 mml

:
*
z X <I100um

Allows fast selection of Py > 2 GeV tracks

— data size reduced bg x10 N
L ipartices

— transmitted at 40 MHz BX Frequencg to the LI — charged partl:itsg

1/N,, dN/dpr [c/GeV]

1 M
0.5 1.0 15
py [GeVic]
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f@ ﬁjﬂ marstor 1 tracking with new CMS tracker

Dt

\.._,_,l.'é"

Two Si sensors stacked in one detector module, readout by the same chip

, , [ t b” f 'l
— Inner : Pixel + Strip (PS) e pass ai

— Quter: Strip + StriP 1+4 mml OB

:
z X 501*00 um

Allows fast selection of Py > 2 GeV tracks

— data size reduced bg x10
— transmitted at 40 MHz BX Frequencg to the LI

Sizeable imProvement of trigger Pemcormances

>
je]
c
@
v
=
]

PU=140,14TeV
| CMS Phasell Simulation ‘
— -
é o
o
[

-+
o

PU=140,14TeV

lation.
L Q

—
T T

tation : + 3
L1Mu (Run 1 configuration + ME1a unganged)
—8-0 < /<11 (Qz4)
—5-1.1<n<24(Qz4)

L1TrkMu (Phasell: muon hits in > 2 stations)
—e—0 <|n[<11

o
5]

I
o

Trigger rate [kHz]

L1 p‘T"g >20 GeV

¥
FCHFCH

- L1Mu (Run 1 éonﬁguraiion + MEia unganged)
—— 0 < n[<1.1(Qz4) :
—E— 115 £24(Q=4)
o L1TrkMu (Phasell: muon hits in > 2 stations)
e —— 0 < |n|<11
[ T e —=— 11<|n <24
WS i i PO IR IREPEL SPUPETE EUPRNNEN IPUNER B :
5 10 15 20 25 30 35 40 45 50

f 10 15 20 25 30 35 40 45 50
Simulated muon p_ [GeV] Muon trigger p__threshold [GeV]

N
o

e
[N}

o
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f@@ﬂ masstor [(]avor Physics Perspectives at HLLLLHC (NN

I:Iavor Benchmark StUChCS:
— B —>Jp® (ATLAS)
—B_—> pu (CMS)

— B > 0P (CMS)

—t->qZ /W/H/yFCNC
(ATLAS,CMS)
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i s B —> Jp® with ATLAS at the HLLHC v

68% CL contours |
(Alog £L = 1.15)

CMS

| —
| |CDF 9.6 1b

ICHEP 2016 ¢§Cs [I‘ad_
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i mate B —> Jp® with ATLAS at the HLLHC /v
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g
Current experimental Precision on g _ much worse than SM exPectation
New detector sizablg iml:)roves ono(t(B)) (100 —> 35 £s)

Need to increase trigger thresholds:

— p, (W >3.5+3.5 (now)
— p, (W > 6+6 or 11+ (Run2)
— py (W > 11+ (HLLHC)

Harder cuts improve o(t(B)) b‘q ~30%

(o)
e ATLAS2012  <u>= 20 ] E —e— ATLAS 2012 <u> = 20
—=»— IBL Layout 6,6 <p>= 60 “ u

] n E

——— IBL Layout 11,11 <u> = 60 . F —=+— |BL Layout, <u>= 60

— v ITK Layout 11,11 <> = 200 ] . K —+— ITK Layout, <u> =200
L]

e
—

o
o
[oe)
T T T

Normalized Scale

ATLAS simulation

. . Preliminary
ATLAS simulation

Preliminary
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o= DI PADOVA
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2015-17 2019-21 | 2023-30+
Detector IBL IBL ITK
Average interactions per BX <> 60 60 200
Luminosity, fb~! 100 250 3 000
Di-u trigger py thresholds, GeV 6-6 11-11
Signal events per fb™' 3 280 460
Signal events 327 900 114 000
Total events in analysis 1 874 000 758 000

MC o(¢;) (stat.), rad

Results from toy MC stuclgj based on 2011 and 2012 data

Harder P+ implies sizable reduction (x 10) on event 9ie|cl

Two scenarios (6+6 vs 11+11) studied for RUN2, the second one is Probablg

more realistic

Onlg statistical uncertainties
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Dreh S B —> uu : perspectives
B, —>uuw established bﬂ CMS+LHCb at 6.2 6 in RUNI

Confirmed bg new LHCb data

CMS and LHCb (LHC run 1)

' | ' ' ' I ' ' ' | ' ' ' I
—4— Data
== Signal and background
Iy Ty
B
=« = Combinatorial background

Semi-leptonic background

= == Peaking background

g 3

S

I|IIII|IIII.'|II T T T T IIII|II

S

S

L
:
=
g
g
w
£
=
°
|
8
3
-
g
=

—
o

(=}

To do :

— Bs lifetime & CPV

— Observe By—>uw:

need full HLLHC data set
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(@ﬂ)) v, B->uu at CMS : hypotesys
Y

DI PADOVA

Reach comPuted including sensible assuml:)tions fo sgstematic uncertainties

Trigger :
o LI trac|<~Trigger allows same L1 thresholds as now (PT(M) >3 GeV)
Egiciencg :
— Pileup . g(un) ¥ 30% (isolation)
— ureco & trigger : e(un) ¥ 2x5%
o(syst) :
FS/FU : 5% (now) = 3%
Normalization (B —>yK*): 3%®R & 5% /L, /20 fb ®ate

INT

Peaking Backround : 10550 @ 50% / VL. /20 th (Control sample)

INT

Semilcl:)tonic Background . 20950 @ 50% / VL. /20 Hh! Control sample)

INT

Resolution:

— 3 1.6 Barrel) ¥ 1.2 (Forward)

— ignore imProvement due to I*f

Pixel lager

Franco Simonetto Universita' & INFN Padova
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B—>uu : expectations from CMS

CMS Simulation - Scaled to L = 300 fb™ CMS Simulation - Scaled to L = 3000 fb™

= 450

—e— data
—— full PDF

Ge

—4— data
full PDF
Bs—p'u
By—uty
combinatorial bkg
... semileptonic bkg
-~ peaking bkg

ey
o
o

o]
(=]
T T T

S/(S+B) weighted events / ( 0.02 GeV)
I
o

3
S/(S+B) weighted events / ( 0.01

n
o
T LI

51 52 53 54 55 56 57 58 59

55 56 57 58 5.9
m,, (GeV)

m,, (GeV)

5BE—=utyum)

0
No. of B BE )

L (fb~1) | No. of BY 6B/B(B" = utu~) | 6B/B(B® = utu~) | BOsign.

20
100
300

3000

16.5
144

433

2096

2.0
18

54

256

35%
15%
12%
12%

>100%
66%
45%
18%

0.0-15¢
05240
1.3-33¢
54-760

>100%
71%
47%
21%

o 3000 fb" . statistic is not an issue
o Usejust barrel events, resolution good enough to separate B,/B_/ B->hh'

Br (B >5 0 (it SM, CMS only)
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DI PADOVA

Rare Penguin clecag, not covered bg existing triggers (ATLAS and CMS)
(14 TeV, <PU> = 140)
| CMS |

Preliminary Projection -

Bench mark for L1 Track trigger:

---- L1 Signal

— Py (K) > 2 GeV (close to threshold)

— topological cuts : AR, M(KK), M(D®)

Normalized no. of ¢ Candidates

Completecl bg otfline analgsis

M, (GeV)
__(14TeV, <PU>=140)
CMS -

Preliminary Projection

ComPare different Pileup, different set of cuts

ot
Mo
T L

Verg Preliminarg s’cuclg to compute

-——--L1 Signal

&
o

—h
rT 1T [ 17 1 1T [ T T1T7T

— signal @Cﬁciencg

— trigger rates

o
o
@

Normalized no. of B. candidates
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(lﬁz e B —> ®&® : CMS expectations
. A

Baseline Efficiency (%) Rate (kHz)
L1 Offline <PU>=70 <PU>=140 <PU> =200
Loose 41.6+12 61.5+13 63+15 279+1.7 61.8 £ 5.2
Medium 36.6+11 553+12 25+09 13.3+1.2 29.6 + 3.6
Tight 31.1+1.0 551+1.2 1.4 +0.7 51+0.7 122 +2.3

(14 TeV, <PU> = 140)
T

—_
N
L
=
]
-—
©
o

Conclusions: e <PUs= 70
F - <PU>=140

| —— <PU>=200

— Signal emcﬁ'ciencg satismcactorg

— HLT rate still to large, further cuts needed

[~ Tight Baseline

rel -»—

ol
o

Efficiency (%)
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Marcus' talk :

e
/ SM N\ 2HDM(FV) 2HDM(FC)

RPV

RS

— SM expects Br 1077107V <106 <10

<10°®

— New Phgsics : up to |0+ 10T <10

fix 1078 -

20(10_4) (Zq) 2 x 10-3 <10-°

<1078
< 10°°
<1076
<10°%
<1079
<107®
<107Y
<10°9

<1075

1{ lu—lﬂ

<1079

(., <1074 )

— Present limits:
arXiv:1311.2028 [hep-ph] (2013)

~0(10") (Hg)
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GRS

Marcus' talk :

e
/ SM N\ 2HDM(FV) 2HDM(FC)

<107 <100
~ - —6 —10 —6 -5
— SMexpects Br [exantontd 10 SWT s swT <10
t— gu - = = 10 -
t =+ gc ) <10t < <1076 <10-10
L= ~yu - < < 1079 -

— New Phgsics : uP to 1077 £ e <107 <10-9 <10-° <109

—4 t — hu 6 x 107° - 5 o<107? .
- ~0(107") (Zq) Zn <109 <10-C<0-4 )
— Present limits: q) = = =AY
10_3 H arXiv:1311.2028 [hep-ph] (2013)
~0(10™°) (Hq)

t—>Zc],HC] in different scenarios for detector upgracjle

(reference/middle/low) and systematic uncertainties

(negligible / improved / as now)

Franco Simonetto Universita' & INFN Padova



Marcus' talk :

Process . 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t—= Zu <1077 <10°°
~14 ~1 Ze 10-6 <1070 <1077 <10°% <10°°
— SMexpects Br 1071077 Lo Ze 10 SITE S0 S 10T <10
t—= gu - =10 = 10 -

<1078 <1077 <1078 <1070
- <107% <1077 -
<1077 <107 <10°% <1070 <10°°

fix 1078 - <107 <107? )
2 % 103 <108 <10 < 10-9(_ <1074 )

arXiv:1311.2028 [hep-ph] (2013)

t = go
t = "ru

— New Phgsics : up to 107+ L
~0(107*) (Zq) 2w
~0(10"°) (Hq)

_ Present limits:

t—>Zc],Hcl in different scenarios for detector ngracle

(reference/middle/low) and systematic uncertainties

t—>yc| extrapolatecl from 8 Tev analgsis ,

(not oPtimizecl for 14 TeV)

4 O ONE O - > aAdoOVa



UNIVERSITA
DEGLI STUDI
DI PADOVA

ATLAS: top FCNC

t > Zqg > 3LX

£3vjp

Event fraction / %2 unit

2
mrece ) (ml‘ mreco

“Mae,

2

T Wb

t—Zgq

~ATLAS Simulation

Vs=14 TeV

e Cmmet e Sa e e hw S M R Bl

10 15 20 25 30 35 40

e
o)
a

- "ATLAS Simulation -
F o Vs=14TeV

—FCNC tZg —FCNCZq ]

Event fraction / 7 GeV
o
i)

e
Idl

50 100 150 200 250 300 350
Kinematic fit 2 M, after kinematic fit [GeV]

GE’};, I-}Zu 450_59 t-}zu

L1

Y

t—Zc “o"t—Zc vy t—ZutZc

o t—=Zutlc

Reference | 4.3-107% 4.3.107°
Middle 45.109 4.6-107°
Low 51-100°  52.107

56-1007  5.8.1073 24.107
6.0-107°  6.3.107° 2.6-107
6.7-10°  7.0-107 29.107

2.5.107
27107
3.0-107

t > H(bb)g

MVA oPtimizecl for ditferent tol:)ologies 2/3b, N gets) )

Layout |Set| t—Hu

t—Hc

t—Hu+Hc

Reference

24.
24.

1074
10~

20-
20-

10~
104

1.1

1.1-

S107*
10~

Middle

29.
29.

104
1074

24

24.

-1074

1074

1.3-
1.3-

104
104

Low

35-
35-

10~
1074

30-
3.0-

104
10~

1.7 -
1.7 -

104
1074

Sensitivity increase ]:)9 2toé

depending on scenario

=
<,
=3

£ ATLAS Simulation
Vs=14 TeV i

%\ TTTIT]

_._L_.
U QP
e

Number of events

4i2b  =52b 33 4j3b 5i3b =6i3b

Event categories

Sensitivitg increase bg up to 20
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(14 TeV, <PUs = 200)
T e e e
e et (V=W,Zy) CMS |
- == tiVjets Preliminary Projection E
_._VV =

Similar selection as per 8 TeV search with

105—

1e

Events/arb. unit

— same G(sgst)

1015

— improvecl 0(595‘:)

10‘2§

Results (200 Pilep with new detector conﬁguration) 103,

P, [GeV]

19.7 fb~'at8 '1:uF:'1uir 3ab~!at 14 TeV (Scenario 1) 3 ab~! at 14 TeV (Scenario 2)
B(t—u+y) 1.7 x10°* 46 x 10— 27 x 107
B(t—c+y) 22x1073 34 %1074 2.0x10°*

Sensitivitg increase bg 3 to 10
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oo Conclusions

HL~-1.HC rises a hard cha”enge to ATLAS and CMS
Collaborations turn the cha”enge into an oPPortunit9 bﬂ:

— cleveloping innovative detectors (here focus on tracker clevices)
— ul:)gracling agecl electronics to state of art

— overall improving the detector Per?ormance

New cletector Pencormances extensivelg tes’cecl at simulation level For

__ searches / high P+ SM measurements / flavor
Desl:)ite the diffcult experimental conditions, sizable progress IS expected
Actual results dcpencl on many unknowns

_ evolution of sgstematic uncertainties

— actual conﬁguration of to-come detectors
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» Consider two scenarios for systematics
o 1) No change w.r.t public 8 TeV

o 2) Based on estimates/studies for an
improvement with Phase Il detector/
statistics

SetA SetB
2% lumi 2% lumi
6% WZ and signal 6% WZ and signal
62% Z+jets, tt 30% Z+jets, tt
50% tZ, tWZ 10% tZ, tWZ
30% ttV 6% ttv
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