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In case you are not aware, no Higgs
nor SuSy particles were seen this
summer...

...But a lot of nice results
were shown! ©
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/W/

In 15 min, try to understand ONE
= /green” plot

Then show the most important results
about Higgs searches

And about SuperSymmetry searches
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W int: Deseribi

~ Before asking any statistical question, one must have a model for
the data, i.e. the full structure P(data|©,v)

Observable Likelihood
N : measured number of Poisson - — 2N ; :
events L(ms,8)=e =0 * Holding parameters fixed
b : expected background gives 3 P D F fO r data
n,, i=1..Ny;,, : measured Multi-Dim Poisson
events in each bin. I £5) ﬁ — (sf, +b,)"
H:S.‘!. ) = e i . DSt (it : . ‘
,-, oyl * Holding data fixed gives a
f, : fraction of signal in each bin ; % ;
b, : expected background in each bin “likelihood function” for
X; i=1"Nevoms : parameter Extended Likelihood pa ram ete rs
values for each event Npvonts
L& s, b)=g""" [ 5P:(x,)) +bPy(x,)
i=l
Credit: N.Be rger Ps, Py : PDFs for x in signal and background

—This is where physics knowledge/ understanding come in

—> Should be easy to compute (generation of pseudo-data)
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 The “test statistic” g is a single number
that quantifies the entire experiment

=1t is built from the model in order to discriminate as

well as possible different hypothesis
(can be number of events, or likelihood ratios etc...)

g(data) <——  opserved data

Hi1

e, =

Distributions obtained from
known form or pseudo-experiments
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Discovery is a “Hypothesis test” in the Frequentist setup

I”

— One tests: a “null” hypothesis H, against an “alternate” H,

Ex: H,=background H,=signal+background

data
Ho: b-only Hi: s+b qldata) e Observed data

g = test statistic

24/10/2011 Nicolas Bousson - Seminar CPPM 8



Discovery is a “Hypothesis test” in the Frequentist setup

I”

— One tests: a “null” hypothesis H, against an “alternate” H,

Ex: H,=background H,=signal+background

dat
Ho: b-only qldata)e Observed data

-

/ \ Py : b-only p-value

—— more discrepant=—» ¢ = test statistic

- Blue area is the fraction of the time that, if HO were true and the
experiments were repeated many times, one would obtain data as far away
(or further) from HO as the observed data

(typically referred as “Type | error”, a, CLb, p, or b-only p-value)
If p, is < a, then reject H, ! (50 means a=2.9 107)
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In practice: Do we see the Higgs?

10% | CMS Preliminary \'s=7 TeV L, =0.2-0.9 fb’

Higgs Combination at m = 250 GeV po here IS O 18
— f(qu) for bkgd-only pseudo-data

— 2 with ndof=1

Means that the probability
to exclude the background-
only hypothesis while it is

— q0 observed

Number of toys
3 3

1of |
j?ﬁ true is ~18%
i
10° y L ELE - We cannot exclude the
0 5 10

SM(without Higgs) for
Test Statistic q, mH=250GeV
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D/c,i;oyery ?

—

What about all the hypothetical Higgs masses ?

a° L I L LU L T 0
1 ATLAS Preliminary ~
107 E
- 120
0% E
103;_ _; Kly)
104 . A
T e e m e g e e e e e e 3140
5 —— Observed ]
107E { . Expected J.Ldt=1.0-2.3 oS
10-6.%— ’ \s=7TeV _%,
e e e PP T e PO PP PP RERPEPPRTPERPRD 3 50

107 ~06~"""200 300 400 500 600
m, [GeV]
—>0bserved curve compatible with the background-only hypothesis over all
the Higgs mass range (no more than a 2.1c discrepancy)
- Expected curve here is what we would expect in the hypothesis of the SM
Higgs boson production. How is it built?
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>

EX

How to compute expected results?

— Generate pseudo-experiments in the
hypothesis of the SM Higgs production

- Compute the p-value for each

- Get median and quantiles of distribution

experiments per bin

\ll Number of pseudo-

—> Repeat for all mass points and interpolate 3% 16% 50% 84% 97%

o

ATLAS Preliminary

IHHLUJ_A_;

10

1072

103

LI LIILL

10
46

..............................................................

—— Observed B
.- Expected Ldt=1.0-2.31b
\s=7TeV

10°

10®

IHIHIl | \IHIﬂL

a
QqQ

7 | B R R S B
10900 200 300 400 500 600
m, [GeV]

4””””' I\IHITI" \HIWI]—l—rITI'I'IT‘ \HHHIl IIII|'|TF| I\HHTITV_J

m,, [GeV]

Credit: N.Berger
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So far, from observed data test statistic we derived a probability (CL, or
p-value) related to the compatibility of the data with a given hypothesis

In some sense, the hypothesis was ‘fixed” while CL was left ‘floating’
E.g.: Hy: b-only vs alt. s+b with mH=250GeV mm)  p,=18%

- We can extract more information by reverting this situation:

We would like to know what is the hypothesis for which the compatibility
with the observed data is lower than a given CL (typically 5%)?

For this, one first defines: L = quantity of signal (usually c/c,,)

—> Signal hypothesis : 1 >0
— Background hypothesis : 1 =0

24/10/2011 Nicolas Bousson - Seminar CPPM 13
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Formally one tests: H,: B+p,S vs H;: B+uS, p<p, (“one-sided” alternative)

Goal: Find the signal strength p, that gives a p-value of 0.05

more signal

B+LLoS obs

Credit: K.Cranmer
24/10/2011 Nicolas Bousson - Seminar CPPM 14



: -

Formally one tests: H,: B+p,S vs H;: B+uS, p<p, (“one-sided” alternative)

Goal: Find the signal strength p, that gives a p-value of 0.05

more signal

B+[oS 0!<

excluded ...

Credit; K. Cranmer

By construction:
U>L, is rejected because p<0.05 [0, 1] is 95% confidence interval

H, is @ 95% CL upper limit on the signal strength

For practical determination of W, : c.f. back-up slides
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95% CL upper limit on

> X CMS Preliminary, \'s =7 TeV [ —Z Opsorved

-g " Combined, L =1.1-1.7 fb” | Expected + 1o |
g 10 : : \\ AR \\\\ g RN T Expected + 26 -
S NS D ipocus |
c NN Tevatron excluded |
I WANANNINNNTIANNNN
X
5 ISR Rt R T

300 400 500 600
Higgs boson mass (GeV/c?)

Remarks:

* The y axis is the signal strength u (normalized to the SM one), not a CL!
* This plot does not show the CL, but the values of u that gives CL=95%
*When limit curve goes below y=1:

the SM Higgs boson production (p=1) is excluded at 95% CL
*The / band is the expectation from MC in the background-only
hypothesis, i.e. SM without Higgs (how to built it is detailed in back-up slides)
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ATLAS Expected exclusion: 131-450 GeV
Observed exclusion: 146 — 232 GeV, 256 — 282 GeV, 296 — 466 GeV

& | ATLASPreliminary  ClsLimits | 3 [ CMSPrelminayNs=7TeV  [—+ Obaones
) B 1 % Combined, L =1.1-1.7 fbo B Expected+ 1o
g n — Observed _ T O S 1 N s Expected + 2 ]
= - Expected I Ldt=10-23f"| = 7 Lep excluded |7
5 10 = ERE | E E B Tevatron excluded |
3 [ ]+20 \s=7TeV 1 = .
9 o
o 3
o)) 0 ’
o TEIE BB
TE RN L g R E NS
10'1 | | 1 1 I 1 1 1 1 I 1 1 | 1 ‘ | 1 1 1 | 1 1 1 1 I 100' Im 200' I ISDO\ I 400‘ ‘ ‘ ISOOI I I IGOO
200 300 400 500 600 : 2
m,, [GeV] Higgs boson mass (GeV/c”)

CMS Standard Model Higgs excluded at 95% CL in the mass
ranges : 145-216,226-288 and 310-400 GeV
(expected exclusion : 144-440 GeV)
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95% CL limit on G/GSM

_ ATLAS Preliminary

J

H—yy (1.08f6")  ====
H— WW— Ivlv (1.70fb7) oooeeees
e ———— W/ZH,H—bb (1.041b7) =~ -
H—tt (1.06 fb™) _

H— ZZ— Illl (1.96-2.28 1b™)
H— ZZ— liqq (1.04 1b™)

H— ZZ— vy (1.041b™)

INERIK,

L dt ~ 1.0-2.3 fb,\'s=7 TeV CLs limits _

100

200

300 400 500 600

Biggest exclusions from: H-WW o lIviv H-ZZ -1l w m, [GeV]
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4 muon candidate, at mass 143.5 GeV

EXPERIMENT

Run Number: 183081, Event Number: 10108572
Date: 2011-06-05 17:08:03 CEST

Nicolas Bousson - Seminar CPPM



/00 SS

SM

95% C.L. limit ono/c

110 GeV <mH < 130 GeV 1.04 /fb

ZH — libb WH - Ivbb
W/Z associated. Largest branching fraction at low mass, but huge backgrounds.

Data Total BG mH=120 GeV

—e— Observed (CLs)

120~ Expected (CLs) I Ldt=1.04 fb ", \s=7 TeV
b i VH, Hos bb ZH 329  325+8+28 1.6
ATLAS Preliminary WH 1888 1877+14+147 45

[o2]
o

60
Dominant systematic uncertainties:

Jet energy scale: 2-7 %

Jet energy resolution: 5-12 %
B-tagging efficiency: 5-14 %
Mistagging rate: 8-12 %

40

20

1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 | 1 1 |
110 115 120 125 130
Higgs mass [GeV]

Future: Boosted Higgs at high pT, use jet substructure
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7 =T -
?E 10 s ' ] -t : : oo
- @ mH=110-120 GeV
- S
o Sensitivity is almost
3 1xo(SM)
(=]
1 @ mH=130-140 GeV
- Sensitivity is ~2-3xo(SM)
S ' i * ' | | July;ﬁ' 2011;
100 105 110 115 120 125 130 135 140 145 150
m,, (GeVi/c?)

Tevatron is seeking to achieve SM sensitivity for all
interesting mass regions using full data set (~10fb!) !
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Upper limits in-the framework-oefze
heavy 4t generation of fermions

In SM4, the Higgs production cross-section is strongly enhanced

& [ ATLAS Preliminary  GLsLimits -

© [ . 4" Generation Model -

S L Observed i Assumes m , and
= 108 - Expected JLdt =1.0-2.310"] :

E C -i‘]o' 1 o . E md4 NGOOGeV

i [(J+20 \s=7TeV

2 1

Te}

D

— Exclude Higgs masses
between 120 and 600 GeV

—
<Q
T \I\IHIl T T TTTTIT

10%=——"300"""300 400 500 600
my [GeV]

Possible interpretation: To find the Higgs in this range would kill 4t" Gen.

Important condition:  true only with perturbative couplings!

Interesting implication: If we don’t find the Higgs, 4G condensates could
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Evolution with integrated luminosity

= v ™ T T Y T o v \ . M T PN Za N ONN B RN DL JN N T frpe

& C — Observed — Observed Ns=7TeV 3

5 i ---- Expected ---- Expected CL, Limits i

8 - J-Ldt~35pb' J.Ldt~l.0-1.2‘b" -

E O SN W pfF e =

_— = -

=) = =

o » -
(o]

L W T ok =

- ATLAS J’ ., —Observed EMl:ttc -

R Lat~1023%" .. Expected [0+20

| st SN e -~

100 200 300 400 500 600

my, [GeV]

N.B.: More channels were also added with time
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Exclude up to ~ 1 TeV for m(squark) = m(gluino)

squark mass [GeV]

Squark-gluino-neutralino model (m = 0 GeV)
2000 PR |r LR | " ATLAS Preliminary
! : : 0 lepton 2011 combined
1750 : |l mmmm CL_ observed 95% C.L. limit
lIl === CL; median expected limit
AV L\ e exp limit 68%, 99% CL
1500 L LY -
Al . ——2010data PCL95% C.L limit
' ‘\ N U™=104107 5=7 Tev ]
1250 HE N

197 |

e ——
1000

Iljl

DO, Run Il

750
500
250
0
0 250 500 750 1000 1250 1500 1750 2000
gluino mass [GeV]
24/10/2011

MSUGRA/CMSSM: tanp = 10, AO: 0, u>0

> ATLAS Preliminary 0 lepton 2011 combined
O] L"=1.04"" \ls 7 TeV e CL, Observed 95% C.L. limit
l_f‘“GUO [ LEP2 %7 ==== GL, median expected limit
= [ 1 Dogq, tanfs 3,u<0, 2117 exp. limit 68%, 99% CL
£ I CDF g4, tanp=5, u<0, 2 b % Reference point
I Theoretically excluded —— 2010 data PCL 95% C.L. limit
500 — =
= ot 1
—— % |
2 1

400

..............

300

N
¢

200

I|II-I,'I|II
¥

500 1000 1500 2000 2500

3000
m, [GeV]

3500
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Searches for SUSY-particles

Lepton(s) + Jets + Missing ET

m, , (GeV/c?)

24/10/2011

700

600

500

400

300

200

\s = 7Tevadt_1 1 fb1

CMS Preliminary
I 1 r 1 1 !
= 2011 Limits

T:LSP N

-

==: 2010 Limits

g(JOOO)GeV

tang =10, A =0, 1>0

- CDF 8 G, tanp=5, u<0 -
DO g,q, tanp=3, y<0

—Hihg
[ JLeP2 T

Jets+MHT

MT2

g(1000)Ge

IIII<|IIII|IIII|I

ey
-
--------
-----

% (500)GevV |

800 1000

m, (GeV/c?)
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onclustons-ana perspective

Between 1 and ~2 fb! were analyzed during the summer
conferences

No Higgs significant excess found by ATLAS or CMS
Almost all masses between 144 GeV and 466 GeV are
excluded @95% CL

» With ~4-5fb-1 per experiment, could achieve 95% CL limit
sensitivity for ~all mass range after combining ATLAS+CMS
» 50 combined discovery possible for ~10-15fb-1 per experiment,
except maybe at low mass (~¥115GeV)

SUSY as we expected it starts to be in trouble...
Excluded @95% CL up to m~1TeV
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Thanks for your attention!

Questions?
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Huge thanks to these nice lectures:

http://indico.cern.ch/conferenceDisplay.py?confld=48425
By Kyle Cranmer

https://indico.cern.ch/getFile.py/access?contribld=35&ses
sionld=12&resld=1&materialld=slides&confld=147821
By Nicolas Berger
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P R

Bonus slides
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g-g + E b , production, B—> b+%0 J L dt = 0.83 fb' \s=7 TeV
I

;‘ 1000 _I I LI | LI I I LI I LI | LI L I LI LI LI I_
u CL, observed limit .

5 - ATLAS Preliminary ... CL: expected limit 3
=, 900 T e 68‘% and 99% C L. —
T C 0 lepton. 3 iets CL, expected Ilmlts -

= - f g J ATLAS (35 pb") ]
800 -jet analyses . =

~ (x ) =60 GeV, mﬁ )>>m(q) o .

700 £~ il =

- CDF bb 2.65 fb .

600 — . ]

— .D0b1b152fb‘ ]

| — Q’ —

- o QR A e, -

500 = CDF §g, —» bb 2.5 b 0@@' : —

= o -

400 — (5 ._ =

— Reférence ghint 7]

300 | ' | —

00
100 200 300 400 500 600 700 800 900 _ 1000
m; [GeV]
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=

The inversion problem Credit: N.Berger V7
/—

§ We want to compute the value . for which the p_,, = 5% (95% CL exclusion)

4
My - Posp = 11%1
> Every statistic exclusion not good Hgs- Wt o, = 1%
~ =5%, as 2" Fst !
q, has the same enough, , too Pep=27 exclusion too

low desired

distribution,
assume it
known

good, 1, too
am(data} high

1 auﬁ(data)

T

Common PDF
for all q,

auz(data}

|

More signal-like Less signal-like  dp
< —

—> Need to consider various signal hypotheses: not just B and S+B, but also all the uS+B

— Obtain i, either by interpolation or an iterative method

24/10/2011 Nicolas Bousson - Seminar CPPM 31



Inversion In practice Credit: N.Berger

B — q,(data)
E 1-1_ T T T | T T T !T T T T | T T T | T T T | T T T J_
In practice, the inversion procedure o - .
. 1= ]
can be done as follows: 959% W
— define a set of p values to scan 09 ]
— n
(here 0-12 with varying step sizes) o8k 3
— Compute p_,, for each p values - E
Can be both observed and expected o B
— Find crossing with 95% i —;
1
12

ATLAS H — vy
Data 2011, \s =7 TeV

_[Ldt -1.081b"

Number of pseudo-
experiments per bin

10 115 120 125 130 135 140 145 150
3% 50% 84% 97%

my [GeV]
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' ' - . b Credit: N Bergr//
The Profile-likelihood statistic - N-Berg

L = quantity of signal (usually /o)
L(da ta, /,l) % — Signal hypothesis: L >0

— Background hypothesis: L = 0
L(data; 11 = 0)

g, =2log

hat = best-fit value.

I 1 fixed to 0 : background hypo i is allowed to float = signal hypo
( . — force <0 region to q,=0
2 log L(data’ /J) /& > () — perfect agreement with
9o = L(dala;y = O) background
§ 0 ﬁ <0 «— I

Statistic for exclusion

— Similar to case of discovery, but
adapt g that adapts to the hypothesis:
when testing the u hypothesis, 1 L(data0)

. 0 1< 0
consider q;: \ S L(data; 1) “

24/10/2011 Nicolas Bousson - Seminar CPPM 33



s—— Credit: N%

Symptom of sensitivity problems: "Power
of test" (a.k.a. CL,) becoming small

P CL,

Since we can identify these cases, try to correct
for them to avoid spurious exclusion claims.

=Ps+b
CL, J
— use CL, = CL,,,/CL, to set the limits. 8

— for data compatible with bkg hypo,
CL,~ 1 and nothing changes

— if CL, << 1, then CL>>CL,,, and prevents
too-good limits.

After some initial hesitation, CL_ is now the S |

recommended method for limit-setting in ATLAS. _
_2F . i

— A side effect is "overcoverage" (e.g. 95% CL is

in fact 98%) but it can't be avoided. I R R
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24/10/2011

95% CL limit on G/GSM

95% CL limit on c/cg,,

-y
o
3%}

iy
o

| CMS Preliminary, \'s = 7 TeV

Combined observed
Combined expected

H— bb

H— 1t
H—yy

H— WW
H— ZZ — 4l
H—ZZ—212
H— ZZ — 212
Ho 77 =212

=0 A

300

400

500

600

Higgs boson mass (GeV/c?)

E Exp. Obs. Exp. Obs. E

I Hoyy (108167  ---- H— ZZ— Il (1.96-2.28 fb™) _|

- -—-- Ho WWos Iviv (1.701bT) cooieeens H-»ZZ— liqq (1.041b™) ]

-------- ——— W/ZH,H—bb (1.041h") - - H—-ZZ— vy (1.041b7)
B Hot (1.06 fb7) ]
10

TE =

. ATLAS Preliminary I Ldt ~1.0-2.3fb" \s=7 Tev CLs limits |
100 200 300 400 500 600

my [GeV]
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Best fit G/GSM

[AV]

L | 11 tHIIII| IIII|III|

—_

CMS Preliminary, \'s = 7 TeV, Combined, L = 1117 fio!

Interpretation requires look-elsewhere effect correction

E T T T E
B Hzs
» |3

n

—

—
T T T T

D 1o from fit

[ | | |'HHIII| IIIIIIII|

o
o

24/10/2011

200 300 400 500 600
Higgs boson mass (GeV/c?)
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\IHIHIl I\IH|'|T| \HHHI' IIHI|'|T| \HHHI' IIIII|'|T| I\HHH‘ IA

ATLAS Preliminary

..............................................................

— Observed i
o Expected Ldt = 1 0'23 fb

‘ s =7TeV

‘\IHIHIl I\IHlﬂL \HHHIl IIIH|_|J_| \HHHIl IIIII|_|_L| I\HHH‘ I‘

Il I Il 1 1 1 I 1 1 1 1 | 1 1 1 1 ‘ Il 1 1 1 I L L L Il I Il
100 200 300 400 500 600

m, [GeV]
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Y

\

0 S I || L L R B =
4 - o i
D 0.251- ATLAS Preliminary =
B —— Observed B
0_2:— ---- Expected —:
B -1 |
0.15[- Ldt =1.0-2.3 b —
- \s=7TeV -
0.1 —
0.05( —
: L j R SR TN S NN TN S S T N

300 400 500 600
m, [GeV]
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CMS sensitivity currently ~40-50% better at low mass Credit: G.Unal

Mostly from higher signal efficiency (especially in electron channel) (with somewhat
larger expected background) and also better mass resolution

= GheS preliminary 2011 , | 1.Hrh'1|atﬁ=?Tiu‘|l' = AR RN RN RN LR R R R L
b -
B 5= : = ATLAS — Observed GLE
'-E - : iif:ﬁi:f gmz H> 2204 Expected CL_ -
5 : -GLEL!qJI:IGlBﬂ.th 'E' det—1962281b -+'1{j E
:'E' _ [ Cl Expected o : = Vs=7 TeV 420 i
= 10 e o i
| L
D i S
2 i @ 10 E
[Ty : o 3
()] B L i
B 1:_ ..............................................................
Y00 200 300 400 500 600 110 120 13014&150 1sn 1?{)13&190 200
M,, [GeV/c?] m,, [GeV]
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/J’
Projected Exclusion with 5 fbo-! @ 7 TeV

1 03 : : : oo o] ! J 1 =
CMS Preliminary: Oct 2010 ' ' |

b% Projected 95% CL Limit on 6/cg,,
L= 2 L i — Combi ad E—'..~'*.ﬂn-.t2|:E=.m----¢:r
- 10 : 5fb1@7TEV o ———WW::,'EIEVL‘I}
o I V(bb)-boosted o VBF(WW) = 212v
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CDF prospect

CDF Run II Prellmlnary, m,=115 GeV
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CDFx2 prospect
(assume Tevatron combination)

Expected Limit/SM

2xCDF Preliminary Projection, m =115 GeV
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Credit: Y.Nagai
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Credit: H.Bachacou

Supersymmetry: Summary

B SUSY in its most hoped for incarnation is starting to be in
trouble
= Of course we will continue looking and increasing our reach

s What if SUSY were hiding? (e.g. no Missing E;)

= “Split”, “low-MET”, “squashed”, “mashed?”

= Even if very soft cascade at tree level, Initial State Radiation still
creates MET, but this needs to be studied further

m \Vith >1 fb', other SUSY prod. mechanisms open up —
exclusive chargino/neutralino and 3" generation production
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