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l%‘ LHC and dat

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
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Stability of EM calorimeter response vs time
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ECAL response and m(yy) resolution
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7 TeV: 25% improvement over one year

Laser calibration:Automated 48-hour calib. loop.
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CMS

Pileup and Particle Flow
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= Particle flow isolation is less sensitive to pileup

= Propagated into trigger, it reduces tau, jet, MET trigger rates and improves efficiency
» Pile-up contribution:

= Negligible for charged hadrons (vertexing)
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¢ = Neutrals corrected w/global energy density (p)
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All main physics objects in final state:

* leptons, jets, b-jets, E{™s
Background to Higgs and other searches
Difficult to extract from tt and W+jets

* backgrounds = requires “advanced”
* analysis techniques (NN)
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CMS

TopH
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Associated production ttbb
o(ttbb) /o (ttjj) = 3.6 &= 1.1(stat.) = 0.9(sys.)%
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Standard Model Backgrou
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» LHCeliminated ~450 GeV of the
mass range in ~ 1 year leaving o
sliver at lo mass 8035
(Tevatron killed ~20 GeV even earlier)
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o xBR ~ 50 fb m,,~ 126 GeV

—— Sig+Bkg Fit (m =126.5 GeV)
-------- Bkg (4th order polynomial)

500 o AITLAS ' L ] lData ' | é

Events / 2 GeV

“raw”spectrum

{s=7 TeV, [Ldt=4.8b"
/5=8 TeV, [Ldt=5.9f"

After all selections: gk events
4 Data S/B Weighted

Sig+Bkg Fit (m_=126.5 GeV)

-------- Bkg (4th order polynomial)

Y weights /2 GeV Events - Bkg

Lweights - Bkg

00 110 120 130 140 150 160
m,. [GeV]

ATLAS vy

10 categories based on

* yrapidity

* converted/unconverted
P (P1YY L to yy thrust axis)

2 forward jets (VBF)

Expect (for 10.7 fb%, m~ 126 GeV)
= S/B ~ 3% inclusive (~ 20% 2jet category)
* ~170signal events

* ~ 6340 background events in mass window
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o XxBR ~ 5o fb m,~ 126 GeV
z T T T T T
2 3500 ATLAS ¢ Data
~ 3000 ——— Sig+Bkg Fit (m =126.5 GeV)
‘2 -------- Bkg (4th order polynomial)
:>j 2500 \ "
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500 Hoyy
2 200
Q@ 100
A o e
2 100
w .
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S 80 -
o
= [ _
- 60 ]
40— -
20 . —]
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o L L S L L
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= ATLAS 2011 - 2012
S 1
3 107 SIIllIIiiiommmmmeeaees ---;;::::::ZIZZ::::::::::_:_:-:-::
102 iy U
Y e W
107 2012 Exp. Vs =7 TeV: [Ldt = 4.8 b
10* —— 2012 Obs. Vs =8 TeV: [ Ldt = 5.9 fb™
10%k 40
----- 2011 Exp. -----2011-2012 Exp.
10 —— 2011 Obs. —— 2011-2012 Obs.
107 O Gl ! ! I ! ! l
110 115 120 125 130 135 140 145 150
m,, [GeV]

p-value: consistency of data with
background-only expectation

Data sample | mof max |local significance
significance | obs. (exp. SM H)
2011 126 GeV 3.4 0 (1.6)
2012 127 GeV 3.20 (1.9)
2011+2012 126.5 GeV 4.50 (2.5)
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CMS Vs=7TeV.L=51f"ys=8TeV,L=5.3fb"

e U 4 = a1aCategories (5+6, 2011+12)
i O I (GDJ Unwei ] ] i
- ghted -

: o 01500 Includes VBF selection
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s £ g 10F | ' ' CMS Prelimi
§ GCJ % = Interpretation Requires LEE refiminary »
8 > S - \/§=7TeV,L=5.1 fb
£ |_|J1OOO . o 1E : : Vsz8TeV, L =5.31b"
E 130 — E ; ; -

D m,Gev) | | & & A\ /T]

r=S 10 3

Ro )

o | ¢ Data ] - -
¢ = 900F — simri S Bt S N/ S T
= o B B Fit Component L § Observed (Asymptotic) - 30
S m i ] +1 10'35‘ """"""" e oo e yme '
ED (-Ij-) B |:| i2(:$ : = ----- 1x SM Higgs Expected (Asimov)
ZE) :/ O T T T T 10—4 S AU UUIINE & ........... 7 TeV Observed (Asymptotic)
§ (D 11 O 120 1 30 140 1(§OV ? V 8 TeV Observed (Asymptotic) T 40

myy ( < ) 10—:16 - |11|5| - I12|0| - |1£5| - .150. - |1:|§5| - |14110| - |14l15| N |150
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= Minimum local p-value at 125 GeV with a local

significance of 4.1 0
= Similar excesses in 2011 and 2012
= Independent analyses give similar results (3.5 and 4.6 0) 29
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CMS Z2Z2* m,, spectrum

2011+2012

2 >
3 CMS Preliminary ¥s =7 TeV, L =5.05 b ys=8TeV,L=5261fb" O 1 2
g % 25_I | T TT L T 1T I T TT | T TT | TT I T | T TT | T T | O
% 3 - Data . o™
o [ Bz ] ~ 10
L=~ 20 Ozy' zz ] (2]
g € [[]m,=126 GeV A S 8
© ()]
E > - [ ]m, =350 GeV B >
S w15 ] LLl
] 6
10 o
5 : 4
g ° E
W 4 ?
S |
N 0700 200 300 400 500 600 700 800
§> my, [GeV] 0
- Yields for m(4l)=110..260 GeV
Channel de 4y 2e2u 4¢
ZZ background | 2.65 £0.31 | 5.65 =0.59 | 7.17 =0.76 | 15.48 £1.01
Z+X 1.20°0% | 0.9270% | 229718 | 441722
Allbackgrounds | 3.857312 | 658708 | 946712 | 19.887132
my = 126GeV | 1.51 £0.48 | 2.99 £0.60 | 3.81 =0.89 | 8.31 £1.18

Octobe

164 events expected in [100, 800 GeV]
172 events observed in [100, 800 GeV]

CMS Preliminary

Vs=7TeV,L=5.05fb"'Ns=8TeV, L=5.26 fb"’

Matrix Element
1 Likelihood Analysis for
even better

- discrimination of S and B
|| m=126 GeV

| 1 1
¢ , de*"'ﬁ»r ,»—e—«"ﬁ‘* Fe_"_._"—e_‘ E _eg»—?a
80 100 120 140 160 180
m,, [GeV]

Event-by-event errors

P
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ATLAS: M

=123.9 GeV

pr(e e p)= 18.7, 76, 19.6, 7.9 GeV, @é‘ﬂrﬁ‘nsr

m (e*e)=87.9 GeV, m(u*y) =19.6 GeV  Mte://allas.ch
Event: 12611816
Date: 2012-06-18

Time: 11:07:47 CEST

2e2U
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oxBR~2.5fb my~126 GeV

>
o35 ¢ Data ]
S B Background zZ" ATLAS .
0 B Background Z+jets, tt
#30E [ Signal (m =1 b Gey) 4L -4l
S [ [ Signal (m =150 GeV)
1 25 I Signal (m =190 GeV)
2 Syst.Unc.
20

s =7 TeV: |Ldt = 4.8 fb'!
s=8TeV:|Ldt=5.8 fb"

10

—
9]
IIIIII[IIIIIIIIIIIIIIIIIIIIII
I I B I I |

ATLAS Z/Z*

N p— P —

13 events
49 +1
53+.8

Observed
Expected from background only
Expected from Higgs signal

0
100 150 200 250
m,, [GeV]
o L L LI AL L.
i“f A ATLAS 2011 -2012 H— 77" > 4l
Q -==:::
8 1o REER N\
jo2 T NNGA T X
QOB e\ AL T T e e

----- 2012 Exp. 3o

104 —20120bs. e T
10° 40
----- 2011 Exp. ----- 2011-2012 Exp.
10® & — 2011 Obs. — 2011-2012 Obs. ™., T
107 [ Vs =7TeV: [Lat =481" Vs=8TeV: IlLdt =581 | | 50
110 115 120 125 130 135 140 145 150

m,, [GeV]

Data
Expected S/B
Reducible/total B

Data sample | m of max | local significance
significance | obs. (exp. SM H)
2011 125 GeV 2.50 (1.6)
2012 125.5 GeV 2.6 0 (2.1)
2011+2012 125 GeV 3.6 0 (2.7)
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o X BR~ 200 fb for My~ 125 GgV

v | T T T T

T T

T | T T T T

»

o

Local p

% 140 T Ae -4~ Data = SM (sys @ stal)
O ATLAS B ww [ WZzzwy
= 120F (s=8TeV,[Ldt=58f" [Ju [ SigeTop
~ ) B Z+jets []) W+jets
% 100 HoWW Sevpviuvev + 0/1 jets () H[125GeV)
; ;
mrp = \/(E!I! + E'rlx_niss)Z _ (P'(I{ + Pglx_xiss)‘z’
| IR S :
250 300
my [GeV]
Data sample myof max local significance
significance obs. (exp. SM H)
2011 135 GeV 1.10 (3.4)
2012 120 GeV  3.30 (1.0)
2011+2012 125GeV  2.80 (2.3)

Broad excess, extending over > 5o GeV
in mass, due to poor mass resolution

ATLAS Iy’

Observed: 223 events
expected from
background only 168 * 20

expected from

Higgs m, =126 GeV |25%5

ATLAS |

10*
10° _— E)E,s m = 126 GeV
1 02 E+1o "
10 [J+20
1
10"
1072
107
10
10°®
10°®
107

LI

WA

\s=7TeV: [Ldt=4.7 "
\s=8TeV: [Ldt=5.81b"

1 1 1 | L1 1 1 | 11 1 | 11
110 120 130 140

11 | I | I T 11 1 1 I L1 11
150 160 170 180 190
my, [GeV]
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> NewCMS H—WW Shape-Based Analysis

— Pregg— P —

= PLB:SF (ee, uu) and DF (ew) cut-based analysis

Higgs mass [GeV]

: = SF background dominated by DY+MET is very non-trivial in the
: presence of large PU (sensitivity is marginal)
) » Shape-based DF analysis shown here
2 = 4t July combo with other channels: 50— 5.2 0
) (% ] _
0102 = observed CMS preliminary -
o) -~ --- median expected H o WW = 212y ;
c expected + 1o P § ]
. s I expected + 26 L =49 (7TeV) +5.1 10" (8TeV) ]
g -E 105_ —signal injection mH=1256eV_1o - 7-I-eV pUbllShEd
3 = | HIG-12-038 + 8 TeV DF shape and
S SRR SF cut-based
%
: 107 : E
§ i I I ) | IIlIIIIIIIII|IIIIIIIIII[IIIIIIII|IIII|III;
3 110 200 300 400 500 600
g
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95% CL limit on 6/,

95% CL limit on o/cg,

Compatible with
background or S+B

for 125 GeV Higgs
CMSH—bb Vs= 7m

T T T T ] T LI

—

—— Observed

= Expected (68%)

Expected (95%)

Exp. for SM m, = 125 GeV

|IIII|IIII|IIII

IIII|IIIIIIIIIIIIII

95% CL limit on c/o,,

1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
115 120 125 130 135
m, (GeV)

16—

Lepton+Jets and Dilepton CMS Preliminary, s =7 TeV, L=5.0 fb'

- - Observed

CMSH—- 1t

CM

Vs=7TeV,L=491fb"

m z
[
m

LA I B B Y B

—=— Observed

fESE Expected (68%)
Expected (95%)

Exp. for SM m, = 125 GeV

.
s
s
s

.
st
ans®
---------------------

o v v b v b e 1 d

No significant
departure from SM
background-only

exeectation

110 115 120 125 130 135 140 145

t H
= tt (lepton+jets
and dileptons)
= Count b-tags
= Shape analysis

m, (GeV)

[HIG-12-025]

lepton + 4 jets + 3 tags CMS Preliminary, Vs =7 TeV, L = 5.0 fb’

120

100

40

20

Data/MC

I T (936.7) I tT + cT (10.3) I (7 + bb (26.2)
[0 single t (40.0) I tf + W,Z ( 8.4) [ EWK (20.1)
—4— Data (1214) [7] Sum MC (1041.5) —— tfH120 ( 3.4x302)

1

01 0.2 03 04 05 06 0.7 0.8 0.9
ANN output
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ATLAS Combination

15—

10

L | L

Local Significance [o]

--- Expected Combined  ---
— Observed Combined —— Observed H— ZZ* - Il
- --Expected H — vy
— Observed H — yy

[ ATLAS 2011 + 2012 Data
JLdt~46-48f" Vs=7TeV [Ldt~5.859f5"s=8TeV

Expected H — ZZ* — llll

- - - Expected H > WW* — Iviv
—— Observed H - WW* - Iviv

- -- Expected H — bb
— Observed H — bb

Expected H— 1t

Observed H — tt

110

Breakdown by channel

el
120

Ll
115

R N B B
125 130 135

P
145 150
my [GeV]

el
140

N " B B E RPN OE B H A Oapm

o T T 177 LI T T 177 LI LI LI LI 17T 17T
o I ! | \s =7 TeV (2011), fLdt=4.8 fb”
(_cg 1 s = 8 TeV (2012), JLdt= §9fb
o E -
—l 10-1 TEEmmmeea ISEE A

102 WA 7N\
1073 Eo7/11 £pS prei.
_ — Observed
1 O 4 -- Expected
-5 12/11 CERN Prel.
10 — Observed
1 0-6 ------ Expected
-7 L_Spring 2012 PRD
10 Observed
10'8 ------ Expected
-9 04/12 ”';TEFW Prel. PLB 07/12
1 O i — Observed
dA0F [ ected N N =mee- Expected
1010IIIIlll[llllIII|IlllllllllIllllllllxlllll
110 115 120 125 130 135 140 145 150
my [GeV]

Channel m, of max | local significance
significance | obs. (exp. SM H)
H-=> yy 126.5 GeV 4.50 (2.5)
H-> 4l 125 GeV 3.60 (2.7)
H-> Ivlv 125 GeV 2.80 (2.3)
Combined | 126.5GeV 5.90 (4.9)

Significance increase from 4™ July:
2012 data for H> WW#* search

H=> TTand W/ZH > W/Zbb: ~ no sensitivity (~3xSM cross-section)
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Local Significance [o]

ATLAS Combination

= AL B ELSLELEME BRI ELSMEL AL BB B RN AR pu

- ATLAS 2011 + 2012 Data -
15 [Ldt~46-48f"Vs=7TeV [Ldt~58591"Vs=8TeV ]
---Expected Combined --- Expected H — ZZ* — lllI

— Observed Combined —— Observed H— ZZ* — llIl
- - - Expected H > WW* — Iviv

--- Expected H—->bb
— Observed H > bb |

- --Expected H — vy Expected H—» 1t _|

10

—— Observed H - WW* — Iviv Observed H > 1t

— Observed H — yy

L | L

v b by by by by by by 17
115 120 125 130 135 140 145 150
my [GeV]

Breakdown by channel

—— | —— =, EE - —

° EF T I
= ATLAS 2011 -2012 Obs
§ Vs=7TeV: [Ldt = 4.6-4.8 fb’ - Exp.
Vs=8TeV: |Ldt=5.85.9fb" M+io
L el S~ - hohebebeblebebelebebelefelebelebelebelebelebeiefefefeiefefepelepelebelebelebelefefefefefefegs Ooc
O T T T T e 1o
02 enetan T 20
102 VTNV = SN . _ _ - - o e e of oo eiimecaimeeaene e 35
10"
10-5 ------------------------------------------------------------------ 4o
10°
o = R Sy AN 5
10°
1070 o R, - - - - - < < -~~~ == - - 60
107
10711lIII[IIIlIIIIIIIIIIIIIIIIIII.’LIIIIIIIIII
11 115 120 125 130 135 140 145 15
m, [GeV]

Channel m, of max | local significance
significance | obs. (exp. SM H)
H-> yy 126.5 GeV 4.50 (2.5)
H-> 4l 125 GeV 3.60 (2.7)
H-> Ivlv 125 GeV 2.80 (2.3)
Combined | 126.5GeV 5.90 (4.9)

Significance increase from 4™ July:
2012 data for H> WW#* search

H=> TTand W/ZH > W/Zbb: ~ no sensitivity (~3xSM cross-section)
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ATLAS Mass and sig

Estimated mass:

L m— e m— —

my, =126 * 0.4 (stat) £ 0.4 (syst) GeV

U = signal strength normalized to the SM
Higgs expectation at m, =126 GeV

IATL'ASl 201% - 20'12

W,ZH — bb

I I
m, = 126.0 GeV

Vs =7 TeV: |Ldt = 4.7 b
H— 1t

\s = 7 TeV: [ Ldt = 4647fb1

H—>WW %Ivlv

Vs =7 TeV: |Ldt = 4.7 fo”
\s=8TeV: ILdt =5.8fb"

H— vy
s =7 TeV: [ Ldt = 4.8 b
\s = 8 TeV: ILdt 5.0 fb

H— zZ" - al

Vs=7TeV: [Ldt= 481"
Vs =8 TeV: |Ldt= 5.8 b

Combined

Vs =7TeV: |Ldt=46-48fb"

W=1.4+03
\s=8TeV: [Ldt=5.8-5.9fb"
| | | | |

.-
l |

-1

0 1

Signal strength (u)

—_—— 1

1 - m—— =

nal streng

th

2D likelihood fit to signal mass and strength

Signal strength (u)

T T T T I T I T
ATLAS

5 Vys=7Tev: [Ldt=4.7-48 fb"
{s=8TeV: |Ldt=5.8-5.9 fb"

4

5 :

T I T T T T I T T T T
2011 — 2012
+ Best fit
— 68% CL
--95% CL

—H-yy
—H-772" 54
—H-

ww = viv

[lllllllllllllllllllllll

Best-fit value at 126 GeV

M=1.4%0.3
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g 7 7 q w/Z
JRp— H - - H \ -
\
\
\
g q q q H

Explore tension SM-data from H= Yy

(a) g9 — H

(b) VBF

g t

g f

(c) VH (d) tH

New particles in the gg = H and H-> Yy loops ?

different production modes (VBF vs ggF)

uVBF+VH x B/ BSM

12

10

N
|]II|III|II||III‘I[I]\II|\II

L DL B L
ATLAS Preliminary

\s=7TeV: |Ldt= 4.8 fo
\s=8TeV: |Ldt=5.9 fb"

-
e

o
N

o Y e e L L L L I
e — * L ATLAS Preliminary + SM ]
2011 + 2012 Data 1 T s =7TeV, [Ldt = 4.8 fb x Best fit ’
= " Vs =8TeV, |Ldt=5.8-5.9 fb" _ZInA(KK)<23 ]
H—vy . 2~ 's = 8TeV, JLdt = 5.8-5. .2 InA(K Kg)<60 -
+ Standard Model ] - -
X Best fit ] - — 1 1+02 i
— 68% CL i} B 7]
1.5 ¢ —
. B : +03 ]
= =+ L H = 12 |
HYY 1.8 + 0.51 - . 02 A
m u data
. i k2 1—‘i
- - T w SM
-] e e ? I1i
] 0.5 | | Loy | | | L, —|
| Ll | . 06 08 1 12 14 16 1.8 2 2.2
3 4 5 6
Ky
l'ngF ttH B/BSM

B(H-> invisible/undetected) < 0.84 ( 95%CL)

Couplings to fermions k. weakly constrained by direct H 2 TT, bb;

indirect constraints from ggF (tt loop) indicate it's non-vanishing 24
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Local p-value

108
10710

12
10 1

C

M

S

Al

C

9,

O
-
(D

0
=
(D
)N
C

CI}I|SI — B B : \/|§:I7ITeV, !_:|5.|1 flb" V?:IBITeIV, IL:|5;3 Tb'1| 1 CMS Vs=7TeV,L=511" \s=8TeV,L=531"
T T I 1o g ] ] ] ] ] ] 15
- \S 120 c_;s 26
\\W/J///-/J _|30 é— 30
.. W\ e E
—_ .............. _— (6} _l 40
\_/ 50 50
__ \‘\ By \/S | 10'8 —| === Combined obs. N By decay —
~~~~~~~~ _66 -=== Exp. for SM H Treeell, _60
= N _ | =——H->yy .~ 3
= Combined obs. . N AR
| aman E)(();T f(l)[:eSMoHs “\ —_ 1070 | 2 ::ivzw * E
| |——Vs=7TeVv . — | m—H 1t K —]
i — E:STGV . | ‘\‘ | | 770 12 B H— bb ) \ “0 | | —7(5
10 115 120 125 130 135 140 145 9310 115 120 125 130 135 140 145
m,, (GeV) my, (GeV)
Decay mode/combination | Expected (¢) | Observed (0)
YY 2.8 4.1
77 3.6 3.1
TT + bb 24 0.4 5.00 versus
7Y +ZZ 4.7 20 5.80 expected
YY + ZZ + WW 5.2 5.1 .
vy +2ZZ+WW + 17T + bb 5.8 5.0
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gna

110y

2D Likelihood scan in 3 channels

M = 125.3 + 0.4 (stat) + 0.5 (syst)

Ultimate precision: o, <100 MeV
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October 24, 2012 LHC Higgs

CMS s=7TeV,L=51f"Vs=8TeV,L=531b"
m, = 1255 GeV
H—yy J—T—
H— ZZ
H— WW
H— 1t
H— bb
IIIIIIIIII IIIIIIIIIIII
-1 0 1 2

3
Best fit o/0g,,

9 _087+023

GSM

11 111) | 11
s b T T —1 10— LR AL
bw L CMS Preliminary + Combined | - [ CMS Preliminary — Combined !
< Ho ZZ +yy + H -7y (untagged)j —  9of ls=7TeV.L=51fb' —— H — 7y (untagged)]]
© Bl \so7TevLosi' | F HoT(VBFg) | J gl ts=8TevL=satst | Mo (VBFG) |
F Vs=8TeV,L=53f" L F H=>ZZ Sk —Ho2z
af- N 7t
i 6}
3 3 5f
i af
ot E 3f
N o+ o
1_ W/ 2E
u ] 1F
_lllllIIIlIllllIIlllllIllIllll— :
‘PS 124 125 126 127 128 129
Mass (GeV) Mass (GeV)
CMS Preliminary
\s=7TeV,.L=5.11b"
\s=8TeV,L=5.3fb"
-
FittoC, and C;
(couplings to

Vector bosons
and fermions)
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M

95% CL limit on c/os

o
(=]

M)

<
W
T

CMS Projection, H—1tt

—_— obslerved I
—  expected

---------- projection to 30/fb
+1oexpected 0 e
* 20 expected

.............. CMS Projection
AAAAAAAAA 8TeV, 30 fb* i

M

95% CL limit on G/GS

o
(=]

CMS Projection, VH—bb
L] L] L L] I L

—e— observed
expected
projection to 30/fb

- [ + 1o expected
[ 1 £ 20 expected

CMS Projection
8 TeV, 30 fb

O

-]
-------

-
--------
-

SM sensitivity is reached or exceeded (dashed red lines)
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CMS

Spin-Parity: H->2Z, WW, vy

| -
Follow-up study YY
s = S.Bolognesietal., arXiv:1208.4018
O
° = WW feature: angle between decay planes
¢ = yy:production angle %
g \ ‘
) scenario X — ZZ X —-WW X — ~~v combined 2\ A 7]
0F vs bkg 7.1 45 5.2 9.9 T T
coso*
§ 0} vs 0 4.1 1.1 0.0 4.2
s 0} vs 2t 1.6 2.5 2.5 3.9 S
; spin-2, minimal, 35/fb spin-0, parity-odd, 35/fb
)

" (lose to 40 separation possible
(certainly true for ATLAS+CMS)

= For both odd parity and spin-2
= More scenarios are possible...

October 24, 2012 LHC Higgs
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CMS Pixel and HCAL Upgrade

AW & =B | B A — P | PN Ny

= Both CMS and ATLAS will
upgrade their detectors.

= Very few full simulation
results are available for
upgrade detector designs.

Upgrade
4 barrel layers

UCSB/CERN

J. Incandela

» Upgraded Pixel Detector

= |ess material, better radial
distribution

* New ROC & extra layer recovers 5 W 9 8 7 6 5 43 21

tracking efficiency, reduces fakes \ ”CA\L \”O\ N
« Upgraded HCAL \\\\@\E\?\\\\\\\
= Improve background rejection
* Improve MET resolution
= |mprove Particle Flow
= via improved S/N photodetectors
= |dentify depth of shower max
* via longitudinal segmentation, timing  madepossile by the use of SipM photodetectors.

Current
3 barrel layers

LCWS Arlington, Texas

I
|
|
i
I
|
1
7 I
1

October 24, 2012 LHC Higgs

Figure 3.1: Current proposed depth segmentation structure for the HB and HE calorimeters,
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Improved Tracking & Btagging

= CMS Full simulation tt comparisons vs PU

B-tag performance (Top-Right)
Tracking performance (Bottom)
- Efficiency (Left) and Fake rate (Right)

= Very powerful even without optimization!

= Btagging, tracking efficiency at 65-70 PU

_.100 :
S (a)
Tooh T
2 -
9o -
E 80__ .........................................................................................................................................
o -
£ ~
S 70—
W:
8, 60___. .............................................
s o
2 -
< 50__ . e e
B —#— Current Pixel Detector
40 E_ o Upgrade Pixel Detector |-t ......... S
: 1 l 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 i 1
3% 20 40 60 80 100

equal to current detector at 25 PU
Fakes not quite as big improvement

Average Pileup

Average Track Fake Rate (%)

N
(54

N
(=)

=y
(3]

=y
(=]

— ——. —

—— Current Detector: Iighf quark mis-tag =1% (a)
Upgrade Detector: light quark mis-tag=1%  [{ "
| —H8—— Current Detector: light quark mis-tag = 0.1%
———+>—— Upgrade Detector: light quark mis-tag = 0.1%

El —e—

B-tagging Efficiency (%)

I|II'||II||III|IIII]IIII ﬂl’ll

100
Average Pileup

°°

—— Current Pixel Detector

| —e— Upgrade Pixel Detector

1 1 1 1 1 1 L L 1 1 1 1 ] 1 1 1 l 1
0 20 40 60 80 100

Average Pileup
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H—ZZ —4]

= Key channel very

sensitive to efficiencys s

= 50% improved

ZH — pubb
= High muon ID
ﬁgciency high b-

tagging efficiency
good dijet mass
resolution.

65% improved

H — tt (VBF)

= MET resolution,

19155

= 1.5
—

Q -
% 1.45
o 14—

Upgrades: Imp

act on Higgs Physics

Improved signal yield (relative to current detector):
shaded regions indicate cuts with biggest gains expected

CMS SLHC Simulation

o 1350
= 13—

o

& 125

12|

1.15

14—

1.05
1

0.95—

0.9

A.U.

forward jet tagging,

Identification

= Better mass
resolution

i —+ +6 5%
P
ZH — ppbb|
T T T T o oo
ot t nd/daf :ani:;ile ,:: S cq d/d:jndd late ;h Stjet b.:;:rje’ b‘[a:/’ap /7/'(2: )
CMS Simulation, Vs = 14 TeV TeT,
0.35 ————— 7T
5 | —— HCAL Upgrade
0.30 -
0.25F Standard Geometry _f
0.20f | H—tt A
0.15F ] 3
0.10F 3
0.05F 3
P s P T .
0'000 100 200 300
m_ [GeV]

Improved m__ resolution

CMS SLHC Simulation

g 16
o)
g 155

O
T 1.5
@ 1:45(—

—— H->ZZ->2e2mu |

o 14

@ 135

=

o 13

S 1250

o 12f-
1.15—
14—

—_—

—_—

H— 77 —4l

A ——

0.95—

—_—

SK

14
200 00 jo0 3 a) 9°°d Spelt 720 Geg
'ls

Number of 'good' leptons

| 1 |
09— AosAT&z;xu s by i
2ee,nucep,a’,f7/crg 101 R ass X loqgsS (+1 ma () (/)2; %;@A@’GV
e

ey e +5098

P

43614

Entries
Mean 2.844
RMS 0.9036

* More good leptons
better tracking & isolation
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%I Signal strengths, couplings: 300,3000 fb™

— o —

CMS Projection

| E;pelcte;i ulncérta]intifles (I)n o 10f‘b'atlﬁ=‘7andlme\|/ B }‘_;
= Higgs boson signal strength p 300t at {5 =14 Tev — .
g 3000 at 5= 14 TeV wio theory unc.  |—] [ | Slgnal Strengths: ~10_15%
Q .
S . =  Present (Green). Present systematics at
— . .
) Yz; 300 /fb 14 TeV (Red). Setting theoretical
$ - ' T | uncertainties to zero (Black).
§ H— ww | 1 |
= APt Uncertainty (%)
H—-bb | = = = Coupling | 300 fb=* | 3000 fh~*
1 1 1 1 1 I 1 | 1 1 | 1 | | I | 1 1 1 - . r r '— r
Olo 0.5 1.0 15 2.0 ha}. ().-.) -.).]. z).—l l.-.)
% Kv 5.7 1 2.7 (45| 1.0
8 CMS Projection Kg 11 | 5.7 | 7.5 | 2.7
é Expe\I:ted uncertainties on F— so0mtal 5= 14 Tev | Kb 15 6.9 11 2.7
% Higgs boson couplings — 300" at {§= 14 TeV w/ scaled sys. unc. h:t 1_1: 8 ) T ?{ [) 3 ()
< Q- E - ‘
(é) K»{ } | HT h.-.) -.).l !)."l 2.“
O
-~ I(V
£ | | Simple scenarios for couplings
K 1 1 5
2 : | 1. Systematics unchanged
K - .
S ‘ 2. Theory uncertainties reduced %3,
o Ke | | .
3 | all other systematics ~ 1/+/(JLdt)
g 0.00 0.05 0.10 0.15
3 expected uncertainty



Tevatron M,, projections from 1995

Scaling of W-mass error

10 -

o Run 1A, CDF, DG, UA2 (preliminary)

Run 1b, CDF, DG (anticipated)

- —— Scaling
e + resolution

...... + systematics

IIlIII 1 1 IIIIII]

10

102 10

5
10
fLdt (pb™)

* FromTeV2o0o00 report Ch.4

http://theory.fnal.gov/TeV2000/chapters 1VB.ps

Attempted to project from 20 /pb
per experiment to 100 /fb

In addition to simple scaling 1/4/N
included several models
Concluded that with 10/fb per
experiment could reach x30MeV
on combination

= Moriond 2012

1) CDF Talk on 2.2 [fb
2)DZero Talk on 4.4 [fb

Uncertainty achieved +15 MeV

» Compared to the 1985

projections?
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Tevatron M,, projections from 1995

Scaling of W-mass error * FromTeV2oo0o0 report Ch.4

102

10 -

- —— Scaling
e + resolution

http://theory.fnal.gov/TeV2000/chapters 1VB.ps

= Attempted to project from 20 /pb
. Run 1A, CDF, D@, UA2 (preliminary) per expe riment to 100 /ﬂf)

= |In addition to simple scaling 1/y/N
included several models
Concluded that with 10/fb per
experiment could reach x30MeV
on combination

= Moriond 2012

1) CDF Talk on 2.2 [fb
2)DZero Talk on 4.4 [fb

= Uncertainty achieved +15 MeV
» Compared to the 1985

Run 1b, CDF, DG (anticipated)

CDF, DZero 2012

(point added by hand by JI)

...... + systematics

IIlIII 1 1 IIIIII] 1 1 IIIIIII

10

102 10

na@®  projections?
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| | R §y — | | V ol N o

ATLAS Projection

" H—=yy

= o-jet and 2-jet final state (VBF)
» H—=Z77Z — 4l
= H—=WW — |v|'V'

= 0- and 2-jet (VBF)

= Above analyses carried out
analogously to PLB methods

* H—1t
= 2-jet final state VBF selection*

* http://arxiv.org/abs/1206.5971

Events / GeV

250F

(s =14TeV
| Ldt =3000 fb”

R 1 10 Sagniis e ~~ 5% Ry 1 2% o 1 .;
diphoton mass [GeV]

« WH—ZH(bb) and ttH(yy)

Low signal rate at the LHC, but
expect to observe > 100 signal
events with the HL-LHC
Measurement of the square of the
top-Yukawa coupling
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CMS

ATLAS Projections

. The coupling fit parameters are chosen as the ratios ATLAS Preliminary (Simulation)
Tw Iy It T I Tz Do T2 ' Vs =14 TeV: [Ldt=300 " ; [Ldt=3000 b
Iz Tz Iz Iz T, T, H [Ldt=300 fb™! extrapolated from 7+8 TeV

UCSB/CERN

= vy and ZZ final states

« profit most from the high JLdt
- stat and syst uncertainties /Ty

J. Incandela

(dominated by events sideband) r /T
reduced considerably. Kz
= vy especially important I /Ty

2 = All initial states and associated Ty /T,
g couplings accessible to the LHC
s . r,/T
5 = vt VBF production e
¢ * H— 7,1, and H = 1,70 ToTz/Th g | 1 L |
3 = Scale current 5+10 fb-1 to 300 fb-" 0 02 04 06 08
. at14 TeV AT, A /xy)
g LTy, T xy/xy
z
: 300 fb~" 3000 b~ Minimal ling fit, 2 ind dent scale fact
¢ —— —— : . inimal coupling fit, 2 independent scale factors
g kv | 3.0% (:5'6%4) ]9% (:4'5%) for vector and fermion couplings
s Kkr | 8.9% (10%) | 3.6% (5.9%) * No BSM contributions in loops or total width -




CMS

ATLAS Projections: Rare Processes

A JF — l A | |

. H 3 10°F ATLAS Preiminary (Simulaon)
2 — up S 1K [lazano e
: - LowrateandS/Bonlyo.2% g — i
. > 60 with 3000 fb? " 126 W
(% . ttH, H— L 105
> = ~30events at 3000 fb? 124

= S/B>1can be achieved - ,

) = top- and u-Yukawa couplings with a m [Gei(])o
3 precision on total signal strength of 25% -
. = Higgs self-couplings: ~30 from - < ~ v
B ] I -1 N
§ HH - bbyy channel W.It.h 3000 fb .
= HH-> bbTT also promising H
. = 30% measurement of A/A¢,, may be achieved
< m Results are very preliminary and conservative
s = NB: Physics potential of HL-LHC is much more than Higgs!
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= Major Discovery
= A new boson with mass of ~125-126 GeV

= LHC, ATLAS, CMS performing extremely well

= |n 39year of first run!

= Major battle with pile-up has been won
= But tougherin future, upgrades will be crucial

= Acquiring lots of great data
= HCP will involved more than 50% increase in statistics
= Moriond will be almost 3x the statistics of July 4

= Beginning to understand how well we can do
= With high luminosity and higher energy LHC

Conclusions

G RN B N M N S B N
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