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Is It a Higgs Boson?
- can the LHC measure its parameters

Mass
Couplings to bosons and fermions

Spin and CP
Higgs self couplings

After the discovery of a “Higgs-like” resonance at the LHC one
has to measure its parameters and consolidate the evidence
for the Higgs boson.

0 As many parameters as possible

0 Discriminate between: SM like Higgs , MSSM like Higgs
composite Higgs,....
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Measurement of the Higgs boson
mass

« The mass value itself is important for precision tests of the Standard Model,

but moderate precision seems to be adequate;
(as compared to the anticipated m; and m,,; uncertainties)

« In addition: the Higgs mass value is important for the parameter measurements
(in particular for the extraction of ratios of couplings) .....

... @s many experimental observables / input values need to be compared to the
theoretical predictions, which in turn depend -sometimes rather strongly- on my

SM Higgs production
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LHC Higgs boson discovery
potential

b I T r 2006
e CMS, 30 fb™’ 3
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\Measurement of the Higgs boson
mass

8 iof Mezzou  _ oo ATLAS - Dominant systematic uncertainty:
E 14F- preliminary — v/ 1 energy scale.
E & eea =
g g 77+ 2 assumed: 1% (goal 0.2%o)
: -f Scale from Z — £ (close to light Higgs)
E'E r : 1 I I ]
o e e, z [ CMS, 30 fb' i
Yoa 150 00 250 300 350 400 | |
WAl (Sev) T
=X
= 1F
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3" SR :
| cms I Hogge Mye120 Go¥ 101 i
E - TIY = ::n :,",:115aw.!.1u:1. -
as ] ao Orell ¥an
lﬂm EL":;:‘;‘;::?,“?:I..H.W -“}1 = —
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0= T AL ; - —— HZZ 4| ]
T i i
g o S e e 102 ! ! !
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M, (GeV) M,,.GeV/c

Precision below 1% can be achieved over a large mass range for 30 fb1;

syst. limit can be reached for higher integrated luminosities — 100 fb-?
Note: no theoretical errors, e.g. mass shift for large I'; (interference resonant / non-resonant
production) taken into account
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\Measurement of the Higgs boson
mass

In case of exotic Higgs boson couplings (e.qg. suppressed H — WW / ZZ couplings)
the situation is more difficult
(even the vy decay mode would be affected, since the WW loop contribution is dominant)

Remaining channels at low mass: H—

H — bb
(difficult S:B situation, difficult as a discovery channel; mass value is most likely needed to extract a
signal, if background and mass known, it might be useful and add to coupling measurements)

qqH — qqwrt— qq &vv hadwv ttH, H—=bb
_ s = r T T T T I AITLAIS_
L T + E= Signal (135GeVic”) ] & e i
2] [ b il | A - —
= 5: CMS 770 EWAOCD 2rijots o = 5_ = tH
& ik tbar Wijets 1 5 | [ ttbb (QCD)
_u: al Fit 1o Signal 7l = 9 I_“Tm 1EW) .
i B Fitto Ziy* (— 20] 1 —g B Cluj ]
g L | ——— Fit 1o tbar W+jets ] o2 s'_ 2]
Lk 3__ ! Sum of fit= ] @ B 1
£ | ] g I
2 2f ] =3
1:— _: 1|:
of ot B — &
(3 50 100 150 200 250
M. [GeVic?] m{bb) [GeV]

Requires good understanding of
the detector (=, E{™%), resolution limited
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Direct extraction of the Higgs
boson width

The decay width has strong
dependence on the m,

CMS

For m,< 200 GeV: no direct i | E
measurement 'F i A el
2 Indirect measurement: global o'k i

maximum likelihood fit to
determine the couplings grer 4
parameters in mas range AT s e
110-190GeV (ATLAS studies) 100 200 300 400 500 600

m,, [GeV/c?]
For m,> 200 GeV: measured .
Expected performance in H=>ZZ— 4]

with 35% precision for 30fb-1 from: CMS Note 2006,/107
(one experiment)

; —a— (Gaussian
10—2____':':_._ | —o— Breit-Wigner

Measured Higgs width [GeWcZ]
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Spin, CP, couplings

» Spin and CP (and anomalous coupling) Yukawa Coupling
- "H->yy" -> spin=0o0r 2 ¢
~ H->WW A¢, correlation -> spin = 0 "I o
-~ H->ZZ->4l -> Spin and CP } i
- Forward jets of VBF process ]
»  Couplings g
- "Origin of mass” should be confirmed. Ijﬁ :
- We expect that Yukawa coupling has . .
a linearity with respect to the particle wl T
mass. That is the SM prediction. ; 'r; ’
-> top, bottom and tau Yukawa coupling [ LFemiophohia
measurement can be done at the LHC. i e g
Mass (GeV/c?)
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Higgs boson couplings to fermions
and bosons

Production Decay mass range

2 4 Gluon-Fusion | H =+ ZZ — 4l 110 GeV - 200 GeV
::I}" (gg — H) H— WW = lviv 110 GeV - 200 GeV
’ H — vy 110 GeV - 150 GeV
W WBF H=oZZ =4 110 GeV - 200 GeV
W, 2‘-,,_,,_ ~ (qq H) H = WW = lvlv 110 GeV - 190 GeV
W, Z¢ H = rr = lwelvw 110 GeV - 150 GeV
m H — 77 — lvv hadv 110 GaV - 160 GeV
H =~ 110 GeV - 150 GeV

g i ttH H — WW — lvli(lv)| 120 GeV - 200 GeV

g T H — bb 110 GeV - 140 GeV

H t ’ H — vy 110 GeV - 120 GeV
—— WH H — WW — lvlv(lv)| 150 GeV - 190 GeV
e < H = ~~ 110 GeV - 120 GeV

) “F T zH H — oy 110 GeV - 120 GeV

" Measure ratio of couplings

gg->H->yy v My < 150 GeV
ERERLIRLAL)) ‘- H ,r\-'l-:
%},w@mﬂi ~Tg (I, /T)=Y,
L a
gg->H->ZZ->4lept My > 120 GeV
(S EERERT ] -._*l H r'_,z
}t.‘:}“_ L ~Ty(Iz/T)=Y;
T Y
gg->H->WW->2lept My > 120 GeV
I'II'I'I"E'I'!"I'I'I-.‘ \ H r,’ﬂf
T‘-' . -l“g(l"w!l"}ﬂw
qq->qu H- stidl My < 150 GeV
Wt { ~Ty(I,/T) =X,
qq9- :>qu H->11 100 < My < 150 GeV
~ H o
s et (G S 1 o
i
qq->qqH, H->WW->2lept My > 120 GeV

W?:;,_ﬂ-f Ty Ty /T ) =Xy

= With more theoretical assumptions measure also absolute

values

Elzbieta Richter-Was

Lectures on LHC physics




Ratio of couplings

In the low mass region, we can measure event rates of Higgs with muilti
modes. So we can extract coupling information, particularly, determination of

ratios is possible with a model-independent way. ATLAS-PHYS-2003-030

Accuracy of measurement of “ratio of coupling With 300fb1:
constants” wrt g%(H, W) « Yukawa
—AH.2) g HW) 2 —— GAH.7) ) HW) * g2 15-30%
------- gXH.) /g H W) | 8 e g3(H, ) £ 67(H W) * gp? 1 35-70%
[ = S P £ 9.2 : 25-50%
« Gauge Boson
o | | T . g2 : 10-40%
ATLAS i " ATLAS o
ILdt=30 - I JLdt:SOM.1 This is slightly old result.
R I (based on our old results)
! i 0.4 A
: \/ /\ : \\ Bottom Yukawa can be also
02 N 02 \—/\ measured by using WH/ZH,
I [ H->bb (high boosted Higgs).
plecc il b b Lol ol Ll oL Ldenley = NEW technique, under
110 120 130 140 150 160 170 ‘II:IFLFGBEW 110 120 130 140 150 160 170 11:2"":16‘32”] InVEStlgatIDn
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‘Absolute coupling determination

» Need a help of theory to obtain the
absolute values of couplings.

d= ' — FH.2) Assumption [hep-ph/0407190] :
B350l - « HVV (V=W,Z) couplings cannot be
: j i larger than the SM case, namely,
M? - Gg3(HW) < g%u(H.W)
0.7F § —n - g%(H.Z) < g®(H.2)
C .' ithous 072t ancermnty This constraint is valid in generic multi-
0.6 | 2Experiments Higgs-doublet models. (eg. MSSM)
. 2 det=2‘3L’lﬂI‘b s
E S\ WBF: 27100 fb
ik AN With 2x300fb-":
E N « Yukawa
E N . g2 : 25-40%
02f- ' . gu2 : 45-90%
: . g2 : 25-50%
o . - Gauge Boson
ﬂ:llI|IIII|IIJI|IIII|IIII|IIII|IIII|IIII|IIII|III . 912 : 10-30%
110 120 130 140 150 160 170 12‘:“;3:',;] . ng : 10_25%

- Total Width : 15-50%
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Summary of studies for SM

Production Decay Mass region and purpose
H-> vy 110-140GeV Discovery, Mass
Gluon Fusion H->Z7-> 4l 140-800 GeV | Discovery, Mass, spin, coupling
H-> WW 130-170 GeV | Discovery
H-> 11 110-140GeV Discovery, Mass, coupling
Vector Boson H-> WW 130-200GeV Discovery, W coupling
Fusion H->vyy 110-140GeV | Discovery, Mass
H -~ bb 110-140GeV YI? coupling (need study of
trigger)
H -> bb 110-130GeV
ttH H-> 11 110-130GeV Yt, Yb, Yt, W coupling
H-> WW 130-180GeV
H-> WW 140-170GeV W coupling
WH/ZH
H -> bb 110-130GeV Yb coupling
Elzbieta Richter-Was Lectures on LHC physics
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\Higgs boson self-coupling

To finally establish the Higgs mechanism the Higgs boson i JT' e

self-coupling has to be measured:

EFY '”?’%i’ SA 2
)"HHH =3 T 3 J"HHHH = 3 '1}2‘ e
_-__-..r_ = Krﬂ der Minima
&y
Cross sections for HH production:
]UCI': K 3 :
2 SM: pp = HH +X
g : W~ S
.......... o | g = HH
) 10| ]
1121 |
WWalE — HH

11 WHH+/HH
= £ :
______ .\ [ WHH:7HH = 1.6
[ wWwZ=23
\___' 01 VI R — L L . VI [ E— |
= 90 10 120 140 160 I%0 100

M, [Gey]
small signal cross-sections, large backgrounds from tt, WW, WZ, WWW, tttt, Wtt,...
= no significant measurement possible at the LHC

need Super LHC L = 103 cm? sec!, 6000 fb!
even there: a measurement is very difficult, needs more studies.

Elzbieta Richter-Was Lectures on LHC physics
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Summary: is it a Higgs boson?

1. Mass

Higgs boson mass can be measured with high precision < 1% over a large mass
range (130 - ~450 GeV) using yy and ZZ— 4{ resonances

2. Couplings to bosons and fermions

- Ratios of major couplings can be measured with reasonable precision;
- Absolute coupling measurements need further theory assumptions

3. Spin and CP

Angular correlations in H — ZZ(*) — 4 L and Ag; in VBF events are sensitive to spin
and CP (achievable precision is statistics limited, requires high luminosity)

4. Higgs self coupling

No measurement possible at the LHC;
Very difficult at the SLHC, there might be sensitivity in HH — WW WW for my, ~ 160 GeV
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ST E’Ei";!ﬂ Ararension
ot e v;«"r_cﬂs ‘};\

= Alternative
models
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\Supersymmetry

Standard particles

=

of Manchest

Squarks

- One of the most popular solutions for
those open questions in the SM is the
Supersymmetry (SUSY).

- In SUSY, every elementary particle has
a super-partner differs by ¥z spin.

» This provides a natural solution for the

SUSY particles

Hierarchy problem of the SM.

- The minimal extension of the SM is
called Minimal Supersymmetric
Standard Model (MSSM)

Elzbieta Richter-Was Lectures on LHC physics
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Minimal Supersymmetric
Standard Model

Superpartners for Standard Model particles

[u,d, C’S’t’b}L,R [e’ﬂ’T}L,R {L’eﬂu?r}L Spin %

{u d,c,s,t, b}L,R [E"H’T}L?R {IJE?#?T}L Spin O
g WE HY ~,Z,HY, HS Spin 1 / Spin 0
L _ 1
i Xip X123.4 Spin =

Enlarged Higgs sector: Two Higgs doublets

Problem in the MSSM: many scales

Elzbieta Richter-Was Lectures on LHC physics 17



MSSM: Higgs sector

Enlarged Higgs sector: Two Higgs doublets

o= ((HE) 2 (o @Gtia)/v2)
\ A7 )\ b1 )
 — (H21\ _ [ qf,é" \
\ H3 ] \ vo+ (¢2+ix2)/V2 )
V = miH{Hy 4+ m3HoH> — m35(e,, HHS 4 h.c.)
12 2 2
- %(H1FI1 — HoM2)? + % |F 1 Hp|?
D e =

gauge couplings, in contrast to SM

physical states: h°, H9, A0 H+

Goldstone bosons: 9, G+

Input parameters: (to be determined experimentally)

tan 8 = —2, M3 = —m35(tan 3 + cot3)
U1

Elzbieta Richter-Was Lectures on LHC physics
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Neutral Higgses within MSSM

- At tree level, Higgs sector is described by tanf and M...

- Higher order corrections introduce dependency on
additional SUSY parameters.

Five additional,
relevant parameters:

M. ,.y Common Scalar mass m%f,h = %(mi-l-m%-i \/(mi-l-m%)z —4m%mit0522ﬁ)

X, Mixing Parameter

M, S_U(2) gaugino mass term m% < mQZCDSQQﬁ < m%
p Higgs mass parameter F =
m, gluino mass

p) 2 3g°m? M3 2 7
< o+ 5 [n() +2(1- )
where: M2 = (M2 + M3) and zi = (A:— pcotB) / Mg

— upper mass bound depends on top mass and mixing in the stop sector
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MSSM Higgs mass

S. Heinemeyer, http://www.1fca.es/users/heinemey/uni/plots/

140 - ' L I ! ! ! ' ' L I ! ! ! - 300 T T T T I T T T T I T T T T I T T T T I T T 1 1
B . Cm," " Mgyey = 1TeV, X, =2Tev, A, =A,=A_m=1714 Ge‘u‘/ ]
130 T [ u =M, =200 GeV, m, = 800 GeV ]
N mh’"“"‘//” . 250} -
120l v I— 3 : -
- \,‘ 4 S ] - i
F N /7 -7 . S 200 ]
= 1o / & — " ]
(D - \ // i - -, - -
= tl el ,’ no mixing ] & T 1
E 10013 / B s 150 .
Ly ! - i J
- \ / -
ool '\ ,f m,=172.5+ 2.3 GeV . | .
- \ - L - J
C \\ /f M, =500 GeV ] 100 _::,/ ]
8o = u =M, =200 GeV ] i I
- FeynHiggs2.4 - i FeynHiggs 2.5 ]
70 | ' ' ' R | ' ' ] 5qj Lo b oo by oy by oy o by
1 10 0 100 150 200 250 300
tanp M, [GeV]
® Benchmark scenario (m)'“" scenario most popular)
Scenario Msusy | X3 H M, Mg Upper bound
(GeV) | (GeV) | (GeV) | (GeV) | (GeV) | on mp (GeV)
my'ax 1000 | 2000 200 200 800 133
no mixing 2000 0 200 200 800 116
gluophobic 350 -750 300 300 500 119
small e, 800 ( -1100| 2000 500 500 123
M. Carena et al., E_PJ. €26 (2003) 601-607
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Search for neutral MSSM
Higgs boson at LEP

ete™ — Zh,ZH
B - . )
e ohz A2 Sin?(3 — aerr) oy
VLV
. —~ 27 - SM
VA .. Oz ~= COS (13 — C]feff)cl'hz
et ~ h,H

ete — Ah, AH

: 2 SM
OpA o COS“(B — aeff)ojy
/\f\f\/'l/
~. . 2
VA - OHA SN (ﬁ—aefr)ag‘?ﬂ
et ~ ho H
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Search for neutral MSSM
Higgs boson at LEP

Constraints from the Higgs search at LEP

[LEP Higgs Working Group '06]

Experimental search vs. upper M-bound (FeynHiggs 2.0)

my'@*-scenario (m; = 174.3 GeV, Msysy = 1 TeV):

Iy -Iax

Excluded
by LEP

Theoretically
Inaccessible

0 20 40 60

100 120 214[]
m, (GeV/c")

my, > 92.8 GeV
(expected: 94.9 GeV), 95% C.L.

M4 > 93.4 GeV
(expected: 95.2 GeV)
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Charged Higgs in B decays

Look for sensitive and Results from B-factories:
theoretically clean modes Babar, Belle
S b - b - | 1000
................. 20F TYPE || 2HDM
* B> 1V A A 7 800
| ! | ) 700 |
semileptonic T . | QEGD ]
i .< < Q% 500
* Wi v H v T a00}
B Dy, s — | oo
_ 200 f
inclusive radiative t ,\HJ\N“}, t ,\HJ\P‘\‘? 1':":' [

Boxy LNy 2Ny D o
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MSSM Higgs boson searches
at Tevatron and LHC

Important channels in the MSSM Higgs boson search:

1. The Standard Model decay channels
= B Sy
- qqh, R — Tx
evaluation of performance is based on SM results

2.  Modes strongly enhanced at large tan f:
- HHA — Tt H*—tv
- HA — ptw

3. Other interesting channels:
- HA — Zh — Ly
— £ bb
- H — hh

Elzbieta Richter-Was Lectures on LHC physics
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Production of MSSM Higgs
bosons

" Agreement between the four and five flavour
scheme calculations

T I T T T T I T T T T T T T T I T T T T I T T T T
G(pp — bbh + X) [fb]
Vs = 14 TeV ]
H= (21.1.1" + I\af[h},l'r-l-

107§

bb — h (NNLO)

10 - S8 ge—bbh (NLO)

[ooss o o %) 9 4 & % o4 &% M oW S o 56 4R g e L L B F
100 150 200 250 300 350 400
Mh [GeV]
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\Branching ratios of MSSM
Higgs bosons

4

00
M, [GeV]

F & 1 ! i 3
ER{HY ]
1gh=3

-1
10 -
& 3
107 F S
-3 3
10 ! L
o0 ] 00 0
M= [GeV]

13

(4]

4]

10

w7

== T e e o s |
o hls ] F i
CHEIA) ] G
- gl = 1 [
. . SoREETEE
F | B
i F
- = B I.
i £ Bt
T L S i NI 10 |
100 200 500 1o 100

M, [GeV]
T 1 mnRRRD:
E [ BRih) ]
| L 1zfi=3 i
a— ! 1
—eo— |
F cs =
2 ]
B w 3 ]
- L E T
| ]0- by e L il
103 200 300 500

B 85 W0 95 100 105

M, [GeV]

m

1 __._._._._'I;;._,_._H_._._._'_.l. T
L BRI
[ 1gh= h
-1 .
1w e e 4 7 -4
E WWagp
C oE
2
= =
E &L ]
b A —yr
]0-3 ||||||||||‘"|-|-|"i"J iii i
30 o) 100 110 170
M, [V
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Hadronic tau (t,.,) identification

.
T o
F

T jet T
> T lepton properties:
» Mass: 1.78 GeV : Short lifetime: O(10*3s)
~ Decay prior to reaching any detector
component.

> Main decay channels:

Decay products BR (%) Decay Type

T decay

€+ v +u 17.8 Izggtggl;: E Detect using standard
L+ + v 17.4 70 e/l ID algorithms
(/K)+v 11.8 1-prong
: (48.7%)

T (/K)+=1n"+v_ 36.9

Tt +>0n"+v_ 13.9 3-prong

;.[I
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\Hadronic tau

1 TRK + CAL

Typel/'
t

T_

T noTRK,
o< but EM

; = “a oy sub-cluster
Type 2 , pi )

- ~
Sk = TRK + CAL
> 1 TRK +

v wide CAL
cluster

Elzbieta Richter-Was

Jet-Background

+
E P :
Tl e Y
Q<
_"-—___'b H?

iIdentification

>1TRK +
wide CAL
cluster +
EM sub-
cluster

" |dentification usually
optimised for each type of

tau's.

" Using multi-variate
techniques (LL,NN,BDT)
usually gives significant

improvement

Lectures on LHC physics
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‘Inclusive D - 1T

(P=h/H/A)

DZ Preliminary (1-2.2 fb

g _ 2 F
L D go0— Multijet & Wejets
S | ) ST Op [1)] <T % = i
:::I> _ - 3_’“5_ | Other EW & ff
g < g ?aog— + ! | | 3
ubJ MOE— 2
+  Low BR ~10% but clean signature. e - o
-y . 400 — L Py T = o5 =
* Require 21 leptonic tau decays: T | T 14T T haq, o : L e Baiicid, 30;-31;}
T e-T T mui_ : . M"'!_'.' = .I'l,.'l l,pﬁ + p!ﬁ—t—pl‘]
* Main backgrounds: Z—t *t -, W+jets, QCD 1005 . T
multljets‘ a1 . |55)| T I_.I_l?;;.‘ an | Igfl,o—l I :m
Visible Mass (GeV)
. o e v mn 455
g 2 Tevatron Runll Preliminary 1.8-2.2fb" “E‘-Im Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
r “y, 2 gg m,, max, u=-200 GeV
o Expected
§ 10F Expected 15 80 Excluded by LEP
P E (i Expected 120 — Onserved limit
@ - 70 Expecied Hmit
o N % Observed 3 Expected limit + 1o
5 i % 60 =) Expected limit + 2 o
3 ,
s %, Yy, N
: ey, . —
8 i, Py, 40 S M\ -
: Py, 30 — RN
P s S
i %///’W(é’f{& 20 \\\\\&W\W\\\W‘
| 10F,
10--'- I T - TR T S S ST T I JAILLT IR HI1E 'SR AGSIE TETEAan it s sy arene sianias
100 120 140 160 180 200 100 120 140 160 180 200
M, [GeV] m, [GeV/c?]
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b(b) ® - b(b)tr

T ——
q g g
i - T"
1 g -
b TTOO———

* Similar selection to inclusive ®°—t +t -
search, requiring in addition =1 b-tagged jet.
=» reduced impact of Z+jets background.
Higher sensitivity down to lower mass.

=» multivariate discriminant against ttbar,
QCD multijets and Z+jets.

% - = observed limit -
o t=o-- expected limit -
i
m
-y
=]
T
B 1
T
u_,i....i....i....i,...l
10" o0 150 200 250 300

- m, [GeVic?]

Limit tanfi (tree level approx.)

DZ Runll prelim., L=4.3fp"'  —dua

MJ & Wejets

All T, types %"

-Z+b
M
diboson
£ Higgs 120 GeV

20 300

M., [GeV/ic?]

Narrow W|d1h+tree level approximation

-
meh“mﬁlmﬂg
= - - - - - - - -

e
=

=

100 120 140 160 180 200
m, [GeVic’]
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b(b) ® - bbb(b)

b Best Fit (with signal template) CDF Run Il Preliminary
i 4 q “Emunf— Il bbBE
) S ook I bBb
B | TR S B W box
7 . b n 1400 [l bCb
BT — = 12000 [l bob
b b :E“Imz— | I'I'I“='|5ﬂ
. . o E ® CDF22fb
* Experimental signature: o BS00F
* 3,4o0r>5jets; >3 b-tags 600 H
* Look for resonance in dijet mass 200 3
* Backgrounds dominated by heavy 0
50 100 150 200 250 300 350

flavor-enriched QCD multijets:

_ dijet mass m., (GeV/c?)
=>estimated from data.

= — T 95% C.L. upper limits CDF Run Il Preliminary (2.2/fb)
5 10— o 2 )
L D@ Preliminary, L=2.6 b ] 210 ----  expected limit
L N — Bl 1oband
120— - -
& m;, max, pu=-200 GeV ] 2 B 20 band
oo gb—bo 7 ; observed limit
[ - .
i . T
"2 ER
605N — .nl 10
g ] - S
4|1_—m - :,'r: L
w1 [ | Excluded Area - -3
20— —
1 ) Expectedlen: ® N IR BN B B PR
a .'g. TTNIT :IJ P _nll[Jl —|—|E _'_'_é_o . QIII . 2‘_’0 100 120 140 160 180 200
3 1 120 1 16l L 2 2
m,, (GeV/c")
m, [GeV/c'| m, =140 GeV; p-value: 0.9% (5.7% w/ trials factor) ~ "
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\Tevatron exclusions on MSSM
Higgs bosons

2 b Tevatron Runll Preliminary 1.8-2.21b" : .
§ 8 Excluded cross section (95% C.L. limits)
é‘ll’l
" Combination of the CDF and DO results
% on bb®, ® =2 =t
5 " g
i
At 2100 Tevatron Run |l Preliminary, L= 1.8-2.2 fb™'
%l 8 an m, max, ji=-200 GeV
LT 120 140 180 150“*[&34130 80 _:?.:m?mfp
70 Arpsoted it & 1¢
m =3 Expected Iimit £ 2 a
N
50 N\
.._ ___.___-.-"" W&u
: \\N\\MWVK\\W\W
10
1 BHIED TRIELCEANIE FRELEIELY A1LR ISR CRDEET BRI B b0 B0 b S0 W iy v
100 120 140 160 180 200
m, [GeV/c?]
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CMS Experiment at LHC, CERN

. CMS Data recorded: Tue Jun 29 13:34:19 2010 CEST
Run/Event: 138921/ 17818013
“=—r", | Lumi section: 65
A

T
had

>[Ldt = 1.7 pb' analyzed ¢ .-
T T Final selection applied
S B TTBar - > Muon P>15 GeV/c "
0] i CIw—s1v]
O o e > Tau P, > 20 GeV/c
> g - R > Loose HPS Tau Isolation
2 * DATA- - > Muon relative PF
L%’ 6 CMS Preliminary 2010 ] combined Isolation
4:_ L,=17pb", s=TTeV_: 5 MT(”,MET)<40 GeV/cz
B - 22 events expected (signal +
2- - background)
I i > 22 events observed
%20 40 60 80 100120 140 160 180 > Expected purity ~75%
visible Mass[GeV/c?]

Clean Z — tt signal observed
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‘ATLAS analysis: invariant mass
with collinear approximation

mﬂ = Ih = I,-
VXX E,+E, E+E,

* m,can be reconstructed in the &
collinear approximation with good # Collinear
resolution (6m = 8 - 10 GeV/c?) _ ‘ /..., APPIOX

» Assume t decays to be only source of  / " _ )
E,mss 4
* Assume massles T's
* Dominant background is Z/y*—tt 4

Elzbieta Richter-Was Lectures on LHC physics 34



‘Atlas analysis (S|mulat|on)

» Combined b-tagged and non
b-tagged analyses

* Improvement for M, > 150
GeV/c? over older ATLAS

analysis of di-lepton final state

1T, (CERN-OPEN-2008-020)

* Compares well with combined
Tevatron results at 2.96 TeV
obtained with 1.8 fb'1 (CDF)
and 2.2 fb1 (D0O)

95% exclusion limit vs tanp and mj,

ﬂ_ T 1 T T T T 1 1 T T T 1 1 T T T T T T T T T T T
c H0r -
=
40 - .
30+ =
20+ ATLAS Preliminary
(Simulation)
lephad Discovery Limit
lephad Theoretical Uncertainty
10— " Bg Discovery == lephad Lineorrelaterd Systemalios —|
g T T et lephad Mo Systemalics |
- m"* seenario lepfiep Discovery Limil .
6+ \Je=14 T'E“‘I-l" L~3l]‘fb """"" lepiep +10% aitTh Uncertainty -
T A N [ P | L R e ok O A Y e P [ <k T i L 0 e T
100 200 300 4(]'0 500 600 700 800
m, [GeV]
= 100p Tevatron Run Il Preliminary, L= 1.8-2.2 fb '
3 [=Ta ) m, max, 1=-200 GeV
80 ;_ Excluded by LEP
I — Observed limit
1 Expected limit
?0 inf Ex:-r:!-d lirmik £ 17
60 o E=1 Expected limit + 2 o
S50 i,
SR i
40 i—/ A ..
3o S
i S \\\\x?l\?x;\ S _— Q\“\\q\\\\\\\ S SRR
20 :_ e AR N S \
10 :
o i 1 1 | i i

T T, 19
l IViancne e 151

1 )\ ) IRRRAIT
160 180

“ 200

m, [GeV/c?]

ATL-PHYS-PUB-2010-011

arXiv:1003.3363v3 [hep-ex]
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Projection for discovery and exclusion
potential with 7 TeV and L _=1fb"

‘~.5 =14TeV, [Ldt—30fb1 CMS CERN-LHCC-2006-021

n

N Vs=7TeV, [Ldt=1fb" =
p 'nnlnl?TeV 1’ Mar 22 2010

CMS, 30 fb”
pp — bb¢, ¢ = h,H,A”

mi= soenario
M., = 1 ToVic*
M, = 200 GeVic®

u = 200 GeVie®
m_ =800 GeVic®

e | Stop mix: X, = 2 My ]
100 200 300 400 500 600 700 @
MA.GEVfC

max, u=+200 GeV
bbd, & >t [':F'rm'l:.'l:hd, ':I;l:‘]
— 05% CL exclusion: mean

I 95% CL exclusion: 68% band
gﬁ% e:dnsnn 95% band

100 200 4('10 500
m, [GeVicT
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‘ The MSSM neutral Higgses:

CERMN-OPEN-2008-020

di-muon channel YN & o
a 5{::— 5o discovery contour _;_.:::'.’r B
‘1‘-: - ™ - scenario 4 _.-_-:-'::'j"}ﬂ. .
g-m:— L=10fb" 5" .-*-’*'-"};i:aﬁ w1 o
= Not visible in SM |, enhanced in MSSM %WE_ 4V A
» Combine analyses: 0-bjet and at least 1 b-jet 205_ R P  Comredmape E
. : el oo WiTROLE 5r5tar|-ﬂjm :
= Z+jets bgd dominates at low masses, tt becomes N PSP sy
. . - Thacredcal ncarainty
at important at lugher. T T R TR T
. 50 100 160 200 250 300 3560 4U'I]Ge¢:;5fﬂ
= Average muon p resolution better than 3%, !
allows for excellent di-muon mass resolution. § B T ' ]
% - 95% CL exclusion contour ATLAS -
s Theoretical uncertainty on the signal 1s up to 20% &> M -seenaro |
while the detector-related systematic uncertainties ng L=1um"“,.--""
: . : - . T __' 0 ? r : _:.-ra":' ]
degradate signal significance by 5-10%. 8% e
E i #,{f L=aofo™ -
- —--—-__'—-""-‘*ff Combined Analysis
. s s . T e Mo Thearetieal Uncertainty
Sensitivity not as good as in 7T channel 1oF — WahTheoreteal Uncerany
. . . S0 00 180 200 250 800 380 400 460
but may be easier at the beginning. m, GV
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‘ The MSSM charged H1gg<; R

Sc diecovery sencitivity

= Naturally predicted in many non-minimal .| coFRn

Higgs scenarios, here presented typell-2ZHDM, o L
mh—max.

= Light charged Higgs (below top mass)

: : : : 5
2 domunant production s tt, with t — H*b )

[ EEY
1o rv!

- +
0 domunant decay mode H— v — I

= Heavy charged Higgs (above top mass) | | ATLAS
0 dominant Productieﬂ gg/gb —> t(b)Hi .
- + +
0 dominant deea}r H —1tvorH® — th . 95% C.L. exclusion sensitivity

CDF Run B

= Final states: 2-4 bjets, light jets from W decay, | &&"
neutrinos, most channels with tau-lepton.

= Several topologies (le. five ) studied.
= Profile Likelihood used tor discovery or
exclusion mcluding 10% systematic uncertainties

on bgd (data-driven control on tt background
shape and normalisation).

tany,

/:I Wb
o

-1

[}
Sluarn rie B AT.LAS

Bg 110 120 150 170 200 250 A0 600

Expect significant improvement of mye [GV]

present day constraints already with 1fb-l. assuming infMC
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MSSM Higgs boson searches
at LHC

m;, < 135 GeV
my = my=my, at large my
22 2 RE. ATLAS+CMS
2 i 72 SLdt=30 157 Jaxp
50 i 1 : = - Maximal mixing
S . B E ol - A, H cross-section ~ tan?p (tree level)
20 | 1, - '_-_: = THfA = vT = lep hod 4--—"'""-’_-—
i - best sensitivity from A/H — =,
L and H*— tb and v
il
2 -A/H = nu experimentally easier
51
+ 8
3t
v Vo —b “ho B A—*Zh—riibb 3
I, . - _l' "-:_al._— P —— ; hu |
: |

a0 100 150 200 250 300
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‘ LLHC discovery potential for SUSY

] = 0 m wEieQ

]

bosons

h (SM -like) _

e U R 0,

4 Higgs observable
3 Hi%s observable

2 Higgs observable
1 Higgs observable

400 4.

ma (GeV)

S0c

A, H, Ht cross-sections ~ tan?p

-best sensitivity from
A/H — tt, HE — v
(not easy the first year ....)

- A/H - up experimentally easier
(esp. at the beginning)

Here only SM-like h
observable if SUSY

particles neglected.

Coverage 1 the large m, edge region can be improved (shghtly) by:

m Higher lmninosit}-': sLHC

= Additional SUSY decay modes (however, model dependent)

Elzbieta Richter-Was
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H Different benchmark scenarios

Benchmark scenarios as defined by M.Carena et al. (h mainly affected)
ATLAS preliminary, 30 fb': 50 discovery (2004)

MHMAX scenorio Mo mixing s&maris
ERETAT

i
Sl

MHMAX scenario Mgysy = 1 TeV/c?)
maximal theoretica]l}" allowed regic-n for my,

S e Nomixing scenario (Mg, = 2 TeV/c?)
(ITeV almost excl. by LEP )

small my = difficult for LHC

Gluophobic scenario (Mgygy = 350 GeV/c?)

coupling to gluons suppressed

(cancellation of top + stop loops)
small rate for g g 2 H, H> gg and Z2>4{
Small a scenario (Mg, = 800 GeV/c?)

coupling to b (and t) suppressed (cancellation
of sbottom, gluino loops) for large tan b and
M, =100 to 500 GeV/c?

W N I 400 B 0 T AW A0 e

M, iGeY)
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MSSM Higgs sector In supe-
LHC

ATLAS + CMS, 2 x 3000 fb-!

k-l

9 M TET ==
E o LE
= HE
) B
L] ATLAS + CMS
| SLdt=300 b
I Maximal mixing
Y=y FLdt=3000 £5°"
e il s
T E 1 a. e,
6 HAEE M= SM like
s i
4 I-Llf
s B
frd

o0 800 800 1000
M. (GaV)

« Situation can be improved, in particular for m, < ~400 GeV

» But: (s)LHC can not promise a complete observation of the heavy part of the

MSSM Higgs spectrum ....
.... although the observation of sparticles will clearly indicate
that additional Higgs bosons should exist.
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Next topics

= 5.01 -5SUSY
©=12.01 -SUSY

®19.01 - Wrapping up on data 2010:

@ SM physics: selected public results
Q@ Searches: new exclusion limits

Elzbieta Richter-Was Lectures on LHC physics
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How to make predictions

Comparison of precision observables with theory:

Precision data: T heory:
My, Sin? Besr, ap, ... | <5 | SM, MSSM , . ..

U

Test of theory at quantum level: Sensitivity to loop corrections

= Information about unknown parameters

Very high accuracy of measurements and theoretical predictions needed
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Predictions for M, In SM and MS5SM

T heoretical prediction for My in terms
of Mz, o, Gy, Av:

f'L-fz,r T ¥
M2 (1) =212 (14 Ar
" ( Mg) VTP

U

loop corrections

— can be approximated with the p-parameter:

p Mmeasures the relative strength between
neutral current interaction and charged current interaction

_ 1 A, —Zz(0) _ Zw(0)
1— Ap

5 AM W v

P _
M2 M§, 2 cgy — sdy

(leading, process independent terms)
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Predictions for M, In SM and MS5SM

— can be approximated with the p-parameter:

p Mmeasures the relative strength between
neutral current interaction and charged current interaction

1 > (0 Su (0 M- -2
= — &rg = 3(2 ) —_ Li g ), .&ﬂ.{rﬁ ~ w
1 - &If‘_) 4'-'1 _Ir Z J_'qu I’jl-."r

P

(leading, process independent terms)

SM MSSM

ApSYSY from £/b loops >0 = MZYSY > MM
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Predictions for M, In SM and MS5SM

— can be approximated with the p-parameter:

p Mmeasures the relative strength between
neutral current interaction and charged current interaction

1 > (0 Su (0 M- -2
= — &rg = 3(2 ) —_ Li g ), .&ﬂ.{rﬁ ~ w
1 - &If‘_) 4'-'1 _Ir Z J_'qu I’jl-."r

P

(leading, process independent terms)

SM MSSM

ApSYSY from £/b loops >0 = MZYSY > MM
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Predictions for M, In SM and MS5SM

Example: Prediction for My, in the SM and the MSSM

[S.H., W. Hollik, D. Stockinger, A. Weber, G. Weiglein '07]

. 1 T T T | T T T T | T T T T I T I T T I T T T ]
80.70 |- experimental errors 68% CL: N
[ | EP2/Tevatron (today) ]
i Tevatron/LHC i
8060 —— |Lc/Gigaz
T 80.50
)
=
=
80.40
80.30 ]
sM 1
MSSMEZE
80.20 both models EZZEE ]
| Heilnemeyer, Hallik, Stockinger, Weber, Weiglein 107
160 165 170 175 180 185

m, [GeV]

MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MzM
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