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Higgs Physics
— the case of an odd symmetry —

Roger Wolf



The case of matter

* All matter we know is made up of

six quark flavors and
flavors:

Electromagnetism

Weak force

by

Strong force

* Four fundamental forces (three of importance for particle physics).




The case of matter

* All matter we know is made up of B _RyReT™
six quark flavors and six lepton - +RgfVE B
flavors: |
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* Formalize nature by Lagrangian density function.



The case of matter
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* All matter we know is made up of [ -~ + ;Lt.xgq)am%::;!
six quark flavors and six lepton R -VE)
flavors: = —_—
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e “Simple” (local) symmetry requirements on £ enforce complex interactions.



A wealth of structures
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* “Simple” (local) symmetry requirements on £ enforce complex interactions.



Rare decays: (precision O(1077))

The standard model ;i (SM) S M

— Signal and

p:ogTyly

B pus
=« = Combinatorial bkg.
----- Semileptonic bkg.
— — Peaking bkg.

Lamb shift: (precision O(10°7))  Precision observables:

S/(S+B) weighted cand. / (40 MeV/c?

\‘HH‘IHL‘HH TTTT HH‘\

E
Tz
| =
(=tl=t)  2py, (=32 N E B
28M="11=0 Ngp (=12 ok 4 =
Pl LEP: (precision O(10~°)) o | &
S T T T T T o C B B K
1s(n=1,1-0) Ly-a E_‘c ol %’ 0 5000 5200 5400 5600 " ue:a[(;gew@] <
< \ Py Ed -
Bohr Diras " g & BR(B, = u'p)su = (3.66+0.23) x 10~°
H »
(AV) x a®m, In (ra) = O(1GHz) 30 : N ayis
3 Striking features &
H o
: » . . 1
20f g 4 _ global characteristics:
. Asymptotic freedom:
St A * Mhcreased by factor 10) : — . . .
p mag. mom.: (precision O(10~?) 106 wmn S : 5 To- s Ramo o mema | D
B, vk ——_1 | [ QED correcled/ C? —f— CMS tt prod. —L LEP O
L i 0.20 —4&— CMSincl. jet —&— PETRA | N
———— 1 1 \E/le 1 —&— CMS 3-jet mass j $P3 S
A\ / BN t
88 90 92 | .| B -
E_, [GeV] 2
(o]

as(Mz) = 0.1171+3392% (3-jet mass)

g;2 = 0.00115965218073(28) 0.05 EEEE (M) = 0.1185 + 0.0006 (World average) History of the universe:
10 100 ¥ y

1000
Q[GeV

€50¢ (¥102) ¥2 Ord3

g
b E . §
t }L;‘ kﬂqf‘g%"ﬁc ) 45_
rd 3
-." |%l _V@) 2; N;h21QiS;:‘llr]i‘;5 or -6.5<n<-5.3
N o 2 1 i i T T T

MC 7 Data

Lagrangian Density of (baryonic) Matter



http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1038/nature14474
http://dx.doi.org/10.1140/epjc/s10052-014-3053-6
http://dx.doi.org/10.1140/epjc/s10052-015-3376-y
http://arxiv.org/ct?url=http://dx.doi.org/10%2E1016/j%2Ephysrep%2E2005%2E12%2E006&v=f5ffcfde

Problem-1:

Symmetries strictly forbid
force mediators to have

% 2 N
LEP: (precision O(107)) | mass # 0 (e.g. M3 2, ZH*).
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Problem-2:

Weak force distinguishes
between left- and right-

handed matter — breaks
SU(2), for ALL weakly
interacting particles with
mass # 0.
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How can SU(2); symmetry be the source of weak interactions while at the same time
all interacting particles with m - 0 explicitly break this symmetry?!?

Spontaneous symmetry breaking: * Symmetry inherent to the system but not to

its energy ground state (— quantum vacuum).

* Excitation of vacuum ground state leads to
existence of a new particle, characterized by
very peculiar coupling structure, needed to
preserve the symmetry of the system:

m
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S|I|con Tracker _IRANNG - Tracker: Si (97/, = 0.5%

for a 10 GeV track).

The ng s finder...
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* for us finding the Higgs it was
48 years = 1,513,728,000 sec

% 7 TeV CMS measurement (L < 5.0 fb™)
% 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction

“ CMS 95%CL limit

100

10

0.1

i
S
”|'mi”ﬁ'i'|"|'|'f”!'|m|”|'i'|'i\m""i“|mi"|"|"|'i'|‘mrmi'"|"i'i'|"|'|'["m|m|m|m|'

0.01

0.001

0.0001

0.00001

0.000001

I
[ | IIIIIIN [ | ||||||[ [ | ||||||‘ [ | IIIIII‘

1073

All results at: hitp://cern.ch/go/pN;7

|w | z |W'y|Z'y |ww|w2|zz |EW |EW|W’|EW |W\|’y| tt |t |t'u'u' |t=_:h|tl'y |uw|uz |ggH|gc?l:_|VH|tlH|

aw  gaZ O WW o ossww
Woshe, Zoll, 1= Th. Ac, in exp. Ac

Ofor £ = 1nb ts L




Productlon Decay
102§ T g 12“‘ -
The discovery... E o S2eh (8TeV)

p — H+X

&

Higgs BR + Total Uncert
o

28
=)
%
m

gqg — H (87%)
g

Tl vl vl

o A e e S T NN T
100 120 140 160 180 200

M, [GeV]
cMS Vs=7TeV,L=511";Vs=8TeV,L=19.
> T —
& 355_ gzit;zs GeV
owf | B
H— 77 — 4¢ 5% E = '
T 20f VH (5%) tEH (1%)
- CMS \s—7TeVL 5.1 fb" \S—8TeVL 53fb1
15: D 1 T T T T T T T T T T T T T T T
i ® Z 429
° 2_1 O'2 — .
1 it~ ¢ 23z d b L 30
0 80 100 200 300 400 600 800 R __ ]
m,, (GeV) o 10-4 s _
3 B 140
>5000»_'C‘M|S ;:’rlelirlﬂi;al['y‘ T LIQ—‘ Dlat; T B )e;e‘/ “\ ;
H = yy B femm e - 1
CMS 4000 B =20 B / - '\ .
2 d 10‘8 —| = Combined obs. |, —
23000~ ] === Exp. for SM H Teell 66
- ] T —H- vy h ]
(0] B — Y
22000 - ] 10 | H—ZZ th B
2000} ] 100”0z 4™ July 2012
s ; [ —Ho PLB 716 (2012) 30 —
1000~ " 10 H— bb LN , 74
’+ : : 10 = 1 [ 1 [ 1 [ 1 7 7 U 7 1 1T 77T I?‘I N I N NN N
m,, (GeV) my, (GeV)



https://cds.cern.ch/record/1471016/files/plb.716.30.pdf

19.7 fb" (8 TeV) + 5.1 b (7 TeV)

- cMs §/5+8) weighted sum Impressive consolidation of
o discovery. Major LHC run-1

—— S+Bits (weighted sum)

o S ... and beyond result!

...... +26

x10°

PRD 89 (2014) 092007

‘untagged”

SOESREN

0.5F f,=124.70+0.34 GeV

EI

S/(S+B) weighted events / GeV
n
T

— H — H
SOOI OO Decay / Prod gqg 7% qq .

200 B
_% B component subtracted 1 H _)
(R .JA.H STRETRIR, e

: hl‘ 1”'}{'
_mo_ITT H_‘f ] e 77 m

PRI R W PPN EFEPEIN EPEPITI EPRTRTIE APArar
110 115 120 125 130 135 140 145 15

%o 5% 1%

o

——

EPJ C 74 (2014) 3076

KHIREIR| =

m,, (GeV) 3
Significance: H—-WW |Z
S —57(52)0 (CMS ) . . .
S =5.2(4.6)0 i 7T V4 ¥
CMS
o 35| ‘ . b T ' '
. Dat 1
O \:’mjz126GeV ] HiFESghb z z
[ 30 Oz 2z e
(72} B Z+X E X
= 25 3
i } ] H — pp V4 V4
LI o i 7
15F . E - Part of discovery I:| After LHC run-1 I:| Not covered
F CMS 4.91b" (7 TeV) +19.4 fb" (8 TeV)
10 — — — S
|+ data g | 1l & [EF cms e Do
[ Mo ww [ DYsiets m, =125 ‘039" 1l © 1c_s Hotr, 4.0 10 at 7 16V, 19.7 10 at 8 TeV o |g 100 e= TrevLeson [
N e O-jet o - T T T T T T T T T T .2 = =18.9 fb™ ackgrouns
! 1000 | g woets ww T 2 : ‘\‘\ n:tj 5 ! PP e‘i/T::’;iLe :,EB o E :H(:;) 125deev
12 Il Wz+zz+vvv N > 107F T 10 2% Background uncert,
] - SR | E S 10° -
. - 7 & © 102 2 102 -
Significance: S B . 8 | vf
P > 10°E N i3
S =6.8(6.7)0 (CMS )[| s00 : . S| e
F s £ = 15 ;_ ¥/ dof = 0.98 -
S =8.1(6.2)c e " omervetpne ke et
| 10—5:r ....... Expected for SM H(mH) .; 05? ; A_
0 ! ' | : :5C & 1.5? %°/dof = 0.64 =
- L2 E o £
0 100 200 300 107 ey, et 1,7, ms €€ E Fe o e "‘“HZF
_ . m,, [GeV] Ly g s
44 (peer reviewed) | Significance: 100 GV SE LN L B N
H

publications since | S = 4.3(5.8)c (CMS ) Significance: Significance:
discovery S =6.1(5.8)0 S =3.2(3.7)0 (CMS ) S =21(2.5)0 (CMS )
announcement S =45(34)0 S =1.4(2.6)0

£00210 (£402) 68 d


https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://dx.doi.org/10.1007/JHEP01(2014)096
http://dx.doi.org/10.1007/JHEP05(2014)104
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.012003

... the case of fermions

* Still lacking: convincing single channel observation of coupling to fermions.

0.0266(0.000126)

0.0637

* Branching ratios much higher but

signature less distinct from SM ) m b
backgrounds. B WW
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(— experimentally interesting) B cC
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* Coupling to vector bosons w/o
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The H — 77 decay channel

Decay Mode BR [%]

eVl 17.83
Tz 17.41

1-prong v, 37.10
3-prong v, 15.20

* Search for 2 isolated high

Y

pr leptons (e, u, Tn).

* Reduce obvious backgrounds (e.qg.
use Er ) & reconstruct m,,.

* Inputs: visible leptons, x-, y-component of E7.
* Free parameters: ¥, 0% (m,,) perr.

Six decay modes:
ThThs HWTh, €Th,
ep , pp




Control remaining backgrounds
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Further Event Categorization
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Further Event Categorization

HTh

T,

ey

ee, uy

ThTh
(8 TeV only)

* 6 inclusive decay channels.

* Exclusive decay channels
for production in association
with W, Z bosons.

* Nearly 100 exclusive event

categories (on 7+8 TeV dataset
(O(1200) single measurements,

(O(600) nuisance parameters).
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. Homework left for LHC run-2:
Body of evidence
* Convincingly establish
CMS, 4.9 fb" at 7 TeV, 19.7 fb” at 8 TeV Obse.rvatlon of coupllng to
. mot2scev fermions.
up : :
0 054138 * Turn observation into a
: eu
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Extended Higgs sectors

* The MSSM, like any other Two Higgs Doublet Model (THDM) predicts five Higgs
bosons:
7+ 3 - my(tarB=10) ---- m,(tanf=3)
400
HY 3 .
H; = ( Hd> , Yy, ==1, vg: VEV, = 300 -
d
Nndof =38 —\ 3 ;:\ 5) 1 200 - :;:
W, Z |
100} -
80
» Strict mass requirements at tree level: 70
60
two free parameters: m., tanf = vu/v, 50l i I1SSM LO
5 > > 200 300 400
Mg+ =My + My m, [GeV]
m¥y ., =3 (mi +m? + \/(mi +m2)* — 4m4m2 cos? 25)
_ —(mi+m7)sin28 LS
tana = (% —m2) con 25+\/(m?4+m22)2—4m?4m2z oot 25 (angle btw. H,& H, in isospace)




The role of down-type fermions

gvv/ 91‘%4 Guu/ Gy gad/ gas*éw
A — ~5 cot 3 ~5 tan 3
H cos(f—a) —0 sina/ sin3 — cot 8 cos a/ cos f— tan 3
h sin(f—a) —1 cosa/sinff — 1 —sina/cosf— 1

Forma > myz: a — 8 — n/2 (coupling to down-type fermions enhanced by tan 3).

Interesting production modes:

g b

gg — ¢bb  (“bbg”)

Interesting decay channels:

R(A— XX)
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The role of down-type fermions

gvv /9 Guu/ Gan” 9ad/ 950"
A — ~5 cot 3 ~5 tan 3
H cos(f—a) —0 sina/ sin3 — cot 8 cos a/ cos f— tan 3
h sin(f—a) —1 cosa/sinff — 1 —sina/cosf— 1

Forma > myz: a — 8 — n/2 (coupling to down-type fermions enhanced by tan 3).
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r 1 Modify SM H — 77 analysis to scan for an additional CP-
H—7r: Ay =084k odd Higgs boson between 110 GeV and 145 GeV.
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The search

* Search for additional peak(s) in m.. distribution.
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Presentation of outcome ...
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The Higgs pincer

Direct search for new Higgs bosons: s
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The SM in the stress field
of vacuum stability.
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Conclusion

* The Higgs (and more general electroweak) sector of the SM is mot exciting in HEP
at the moment.

* Guaranteed new physics in reach (— well motivated program of measurements &
searches).

* In the SM Higgs sector fermion couplings are theoretically least understood and at
the same time experimentally most difficult to study.

* This program can be linked up with several interesting corners of HEP (including
the unexpected ... ).
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A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

Received 7 Novemnber 1975

A discussion is given of the production, decay and observability of the scalar Higas
boson H expected in gauge theories of the weak and electromagnetic interactions such as
the Weinberg-Salam model. After reviewing previous experimental limits on the mass of
the Higgs boson, we give a speculative cosmological argument for a small mass. If its mass
is similar to that of the pion, the Higgs boson may be visible in the reactions # “p -+ Hn or
p — Hp near threshold. If its mass is <300 MeV, the Higgs boson may be present in the
decays of kaons with a branching ratio O(10~7). or in the decavs of nne of the new nar-

We should pcrhapf, finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the

1 case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not wanl to encourage

big experimental searches for the Higgs boson, but we do feel that people performing

experiments vulnerable to the Higgs boson should know how it may turn up.
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Nobel prize to Peter Higgs and
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Event Estimates for LHC run-2 .\\J(IT

Karlsruhe Institute of Technology

Decay /s =8 TeV, 20 fb~! Vs =13 TeV, 300 fb~1
Channel inclusive inclusive gg— H qq— H WH JH ttH
~y 1000 33 000 30000 2300 1 000 700 300
L7 50 1500 1300 100 90 30 15
WWw 5000 150 000 130 000 10000 4500 3000 1500
bb 12000 400 000 350 000 30 000 12000 10000 4000
TT 30000 1000000 = 900000 70000 30000 20000 10000
LU 100 3000 2 500 200 90 60 30

Rough estimates of event yields before reconstruction and selection.
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Performance of hadronic 7reconstruction ..\X‘(IT

Karlsruhe Institute of Technology

33

CMS, 19.7 b at 8 TeV  Efficiency ~ 60% (~ 3% fakerate), flat for
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S 000 urh ] o uncoriety pileup events.
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Performance of hadronic 7reconstruction _\g(“.

Karlsruhe Institute of Technology

* Control efficiency within 7%
using tag & probe methods:

events/10 GeV/c?
(2)]
[an]

20

@ Data
B2y -t
T Qco
W + jets
Wz —-ptw
Wl tT + jets

passed HPS loose |

50 100 150 200
u-jet visible mass (GeV/c?)

34

events/15 GeV/c?
3
[

# Data
Wzty -7
= Qco —
W+ jets
Wzl —ptw
B tt + jets

failed HPS loose

50 100 150 200
1-jet visible mass (GeV/c?)

* Control 7, energy scale within 3% from fits to

Mr vis -

E 0.6 T T T 3 T T T T

= # Data c # Data

= . . = . .

> =mm == Simulation > 0.6} = Simulation i

« | [T 1= TauES*1.03 © | == TauES*1.03

E 04_ ||||||||| = TauES*0.07 _ E === TauES*0.97

[ [ m.

] (1]
0.4 ELEE -
0.2 .

- -' [N ]
0 | | | | | 0 | P el | | | |
04 06 08 1 1.2 14 04 06 08 1 12 14 16 18
visible t (nn°) mass (GeV/c?) visible T (nnn) mass (GeV/c?)

* Uncertainties further constrained by maximum

likelihood fit in the statistical inference for signal
extraction.
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Karlsruhe Institute of Technology

Analysis Strategy ..\X‘(IT

35

Analyze all six inclusive decay channels (7,7x, (7h, eTh, ep, pp, ee) & many more
exclusive decay channels for VV H production (7 — ¢¢, W — /v ).

Select two isolated leptons (7n, ©, €).

ut
Restrict E1 to reduce background from < 0.16r "
W + jets events. S .. —— Horrm, =125 GeV
;g i Z—1t
m iscrimi- 0.12f
Usg fully r_econstructed - as discrimi s : Resolution: 10% - 15%
nating variable: 01
’ 0.08[-
/\61 E
£:.—77—“ X 0.06]-
Qz B
0.04—
0.02F
Inputs: visible leptons, x-, y-component of Er. A o
0 50 100 150 200 250
Free parameters: ¥, 0%, (m..) per . m,, [GeV]
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D

istribution of m -,

AT

Karlsruhe Institute of Technology

dN/dm__, [1/GeV]

dN/dm_, [1/GeV]
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CMS, 19.7 fb™' at 8 TeV
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Spin & CP

Golden decay channel:
H— ZZ > 44

decay plane Z;
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Test of pure spin hypotheses (based on O(50)evts):
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http://dx.doi.org/10.1103/PhysRevD.89.092007

CP admixtures

AT

Karlsruhe Institute o f Technolo ay

* General phenomenology of non-CP conserving HV'V couplings:

38

AHVV) x [a}/%vv dvi

* * * v 1) 7x v
}m%/levﬁvzfuuf (2).p +a:‘s/@u)f (2)

SM CP-even

CP-even “higher /

Applied to: HWW, HZZ, HZ~,

1\_k2
.

dimension”
CP-odd <«
admixture.
f(z'),,ul/ — e gv — e gt
= vildvi — Cvilvy
~(i 1 ~
/SV) — §€MVpo_f(Z)>PU
m%/l (vector boson mass)
€Vi (polarization vector )

(LO-ampIitude
formalism

)

PRD 92 (2015) 012004
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http://dx.doi.org/10.1103/PhysRevD.92.012004

Higgs: CP properties (fromH — 77 ) ..\g(“.

Karlsruhe Institute of Technology

* Obtain P from an angular momentum analysis of the QM system:

Orbital momentum: > Intrinsic parity of fermions:
PY"(0, ) = (1) - Y,"(0,¢) P(f)=HD-f P(f)=(-1)-f

* Obtain C from P x (41) for permutations of objects (—spin statistics):

N\

1,+1) = 12, £1/2) @ [L/2, £1/2)

1, 0)= \/g(ll/% +1/2) @ [L2, =1/2) + (|12, =1/2) ® |12, +1/2))

> (+1) under permutations.

/

0, 0)= \/g(P/z, +1/2y @ |12, =1/2) — (|1 /2, —=1/2) @ |1 /2, +1/2)) (—1) under permutations.

. ; L+1
* For two fermion system: P =(-1)*t C P of parent particle
(_1\L4+S translates into spin
¢ = ( 1) - configuration of two
g fermion system.
CP = (—1)>*t1
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Higgs: CP properties (fromH — 77 ) ﬂ(“.

Karlsruhe Institute of Technology

C P-even: C P-odd:
L=1 S=1 L=0 S=0
ﬁTJF H T H T
— Q) —> — Q) —>
JCP — O++ . JCP _ 0+—
L_1j v/

. ; L+1
* For two fermion system: P =(-1)*t C P of parent particle
(_1\L4+S translates into spin
¢ = ( 1) - configuration of two
g fermion system.
CP = (—1)>*t1
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Higgs: CP properties (fromH — 77 )

Eg. 7~ —7m v

makes spin confi-

guration detect-
C P-even: CP-odd: able!
L= S=1 L=0 S=0
4 T 4 4 7
ot A .

Decay width: T'j_,.- &< 1 — 5, - 5§ 4 cos(2¢) (57 - 57 ) — sin(29) [(+ 1) ]%_}
J

A\ — _/
Y '
C P-even C' P-odd
: . L+1
For two fermion system: P =(-1)"t CP of parent particle
(_1\L4+S translates into spin

¢ = ( 1) - configuration of two

op ( 1)S+1 fermion system.
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Transverse spin polarization in the di-7system ..\g(“.

Karlsruhe Institute of Technology

* Angle between spins
<> angle between o
decay planes:

D >
V;
Different admixtures of C P -even compared to
C'P-even and C'P-odd main background
ﬂ'+ o 0.070 ¢ o L L BN DL R AL BRI I @ 0080 pr—r T
- L —— o= /2 b c - ]
Pure C’P/Ej;;-: : > 0.075 E — CP_even E
even 5 3 - ] S 0.070F 3
| e 4 = — L =TT
‘ L 0065 3
® : . 3
0.060 - - ~ 3
0.055 — —!—_‘_ - —
Pure CP = 0.050 ;.4-—-.-47:::—-—-.-—-—_._--—-—--—-—:i:::--——-—_-—-{
odd 0.045 — —+ - —
arXiv:0812.1910 : R S T
........................ h Co oo o by oo o by n g o by o v o by oy o 1y a1 4
arXiv:1108.0607 O e e e
arXiv:1408.0798 Ocp Op
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H — 77 Decay Channel ﬂ(".

Karlsruhe Institute of Technology

Status July 2012: Status March 2013: Status Summer 2014
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Spin & CP

Golden decay channel:
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Mass & decay
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From offshell cross section:
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Second close-by resonance in H — v ?
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e ATLAS+CMS LHC run-1 combination:
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Coupling structure

e ATLAS+CMS LHC run-1 combination:

Considered production modes:

CM$-PAS-HIG-15-002

* Event categories 574
* Nuisance parameters: 42683
= U/JS]\/[ =1.09 £+ 0.11

Considered decay channels:

Production Cross section [pb] Order of

process Vs =7 TeV Vs =8 TeV calculation
ggF 150+1.6 19.2+£2.0 NNLO(QCD)+NLO(EW)
VBE 1.22 £ 0.03 1.58 £ 0.04 NLO(QCD+EW)+~NNLO(QCD)
WH 0.577 £0.016 0.703 £0.018 NNLO(QCD)+NLO(EW)
ZH 0.334 £ 0.013 0.414 £ 0.016 NNLO(QCD)+NLO(EW)
[egZH] 0.023 £0.007 0.032 +£0.010 NLO(QCD)
bbH 0.156 £ 0.021 0.203 £ 0.028 5ES NNLO(QCD) + 4FS NLO(QCD)
ttH 0.086 £ 0.009 0.129 £ 0.014 NLO(QCD)
tH 0.012£0.001 0.018 £ 0.001 NLO(QCD)
Total 174 1.6 223+2.0

Decay channel

Branching ratio [Y%]

H — bb
H—->WW
H— gg
H— 7
H — cc
H—ZZ
H —yy
H— Zy
H— up

57.5+1.9
21.6+0.9
8.56 £ 0.86
6.30 £ 0.36
2.90 £ 0.35
2.67+£0.11
0.228 £ 0.011
0.155 +0.014
0.022 + 0.001

N

Main production modes:

g9 — ZH (10% to ZHbb)
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The ¥ model

* Dress each coup-
ling at tree-level
with a scaling fac-
tor x; .

* Loops are resolved
according to SM or
treated as effective
couplings.

e Comprise k; s to
obtain simplified
models.

~ (1.26k — 0.26k;)? —

Production Loops Interference Multiplicative factor
o (ggF) v b—t kg~ 1.06- & +0.01- & —0.07 - k&
o (VBF) - - ~ 074Ky +0.26- k5
o (WH) - - ~ Ky
o(qq/q8 — ZH) - - ~ Ky
o(gg — ZH) v Z-1 ~ 2.27-k5+0.37 - ki — 1.64 - k7K,
o(ttH) - - ~ Ktz
o(gb — WiH) - W —t ~  1.84- k7 + 1.57 - kiy — 2.41 - k Ky
o(gh — tHq) - W —t ~ 3.4 k1 +3.56 ki — 5.96 - KKy
o(bbH) - - ~ K%
Partial decay width
l-ZZ 2
rww B B ~ K%v
v v W—t Ky~ 1.59 - kiy +0.07; ki — 0.66 - ky K,
l—rrr 2
— — ~ KT
rbb N N ~ i
HH - - ~ Ki
Total width for BRggy = 0 ~

I'y

57 -k +0.22- kg +0.09 - k4
£ 0.06- k2 +0.03 - k5 +0.03 - 2+
+0.0023 - k7 + 0.0016 - k7, +
+0.0001 - k5 +0.00022 - &

Non measurable couplings tied to measurable ones: k. = kt, Kk, = k7, ks = Ky .




K-k prpmodel

* Resolve loops according to SM.

* Combine tree-level couplings into Ky (coupling to W & Z boson) and « r (couping to

fermions). wy O W.Z RE D47,
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“Money plot”
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Limits in dedicated MSSM Benchmark Scenarios

* Explicit prediction for three neutral Higgs bosons:

CMS (unpublished), h,H,A—t1, 19.7 fb™ (8 TeV) + 4.9 fb™ (7 TeV)
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* Old method: h(125) ignored in
statistical inference:

3 arXiv:1408.3316
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* Note: h(125) has been observed!

* With increasing sensitivity new
statistical interpretation is
needed: “1 Higgs vs 3 Higgses”.

ﬁ(( NI(SMSSM+B),9MSSM)

dMSSM /BG — E(N|B,éB)
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Limits in dedicated MSSM Benchmark Scenarios ..\X‘(IT

Karlsruhe Institute of Technology

* Explicit prediction for three neutral Higgs bosons:

CMS hH,A- 19.7 fb™ (8 TeV) + 4.9 fb™ (7 TeV)
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* New method: h(125) taken into account
in test statistic:

5 arXiv:1408.3316
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* Note: h(125) has been observed!

* With increasing sensitivity new
statistical interpretation is
needed: “1 Higgs vs 3 Higgses”.
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More benchmark scenarios (as defined by arxiv:1302.7033) _\\J(IT

Karlsruhe Institute of Technology
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More benchmark scenarios... (old method)

XIT

Karlsruhe Institute of Technology
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T I T T T I T T T I T T T I T ': T
95% CL Excluded:

— Observed
— SM H injected
-- Expected
+ 16 Expected
+ 20 Expected|

I 7 MSSM # 12543 GeV | ]

MSSM mL"°d* scenario-

» AT
200 400 600 800 1000

m, [GeV]

30
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MS (unpublished), h,HA 1, 19.7 b (8 TeV) + 49 fb! '(7TeV)

||||||||||l||||||||||||||-0

I L} T T I T L} I T T I
95% CL Excluded

— Observed
—— SM H injected
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+ 26 Expected|

m!oSM £ 12543 GeV

i MSSM light-stau scenario ]
-I_-;N 1 I '} L il I 'l 'l L I 1 1 'l ]
200 400 600 800 1000
CMS (unpubllshed), hHAs, 19.7 fb ® TeV) +4.9 fb (7 TeV)
T T T

95% CL Excluded
— Observed
— SM H injected
-- Expected
+ 16 Expected

+ 20 Expected|
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tanp

CMS (unpublished), h,H,A -, 19.7 fb™! (8TeV) + 4.9 ! (7 TeV)

T l I T T I -
o MSSM low-m,, scenario -
- mitSSM £ 12513 GeV |
8k -
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3
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20 + 1o Expected
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Yukawa couplings for b and ¢ vary with tan 3 ..\X‘(IT

Karlsruhe Institute of Technology

= 60 . . .
- ( [ J
E C ¢ b-dominated more important Wlth IncreaSIng tan 6 bb¢
g0l o H A A dominates overggo.
: g . .
n pr(A) softer * Alsob dominates overtin ggo¢
40— g b
n T loop.
- __nEA4
o T + Has impact on the analysi
- “10000000) asS Impact on the analysIS
200 dominated Sen.SItIVIty (unle.ss explicitly
- Y Y designed otherwise).
10—
- harder less important
: ; 10 E T T T T T T T T T T T T I T T T T | T T T T %
1 1 1 1 1 1 O -_k ............ Hig|u SM E
80 300 400 500 600 % 1 BN — — Higlu mhmax, tan B =3 ]
o - s Higlu mhmax, tan B =10 7
o 10" = N\ e Higlu m™ tan = 20 5
o - — Higlu m™, tan B = 30
B -2 . . h
'8 10 EE_ S ":’-‘::-:..,\ Higlu mhmax, tan p = 50 ?
10.3 3 ~ B
1% N TS
10° U
arXiv:hep-ph/0604156 -
-6 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1
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Mitigation of p;(A) dependence in H — 77 analyses \“(IT

Karlsruhe Institute of Technology

* MSSM bbg (MG5_aMC@NLO): i Technically requires generation of
ybjerlns 2 MC samples per mass point.
2
o ;{ ngﬂs(mA,tan B)=a y%AJ + « y%A(ﬂ) —I—a ybytA?(fiLt
—19) Vv
g, bl 2 / ] / UpYs-terms
o= o<
.
T | @ e

%__} Qg :b
‘I’ i‘[ X t b —|— e

Technically requires generation of
* MISSM qgo (Powheg NLO): five MC samples @ three different

scales per mass point.

YvYt - -
é;’i(mmtan B) = ybUSM(Qb) +yt USM(Qt) ~7 7 ( ?\ZIS)‘SM(th) - yl/)ZO_g‘M(th)y;QU.tSM(th))

~~ ybyt

v v /”

7

* In the process of thorough validation campaign to set up corresponding workflows.

* General procedures will be documented in YR4.
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- m 3 68% CL —
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= I ¢ Expected for
g - SM H(125 GeV)
< 2 | -
. . . S 2F
* First application to new models , S [ e ]
3] > 1
(using HiggsBounds): |arXiv:1507.06706 [ ]
qobs ' N 1= ',"' ----- "\\ ‘\\ .
5 rr,Ihmax scenario M882l\3 my= 125 GeV qﬁ S - ,." \\ \\ 4
95% CL excl. (CMS) ] ! 68% CL 14 [ ]
obs - 95% CL i S
Amssm = 5-99 (reconsitr.) 3 | = L i N \ J
50 : 12 0 1 ;A [T PR | |“u PR I T T
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Fq 15 = . { 10 0 2 4 6 8 10
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< 8
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Recall: limit construction algorithms

Direct limit on full benchmark: Re-interpretation from LH:
* For fixed values in (m4,tan j3) * Cluster Higgs bosons if they are close to
build templates composed of each other (within exp. Resolution).

h+ H + A according to model.
* Determine cluster with highest expected

exclusion sensitivity (i.e. largest ANLL.,,

Typical grid in ma-tan 3. &} &

g8 from DB based on BG-only Asimov dataset).
50/ -
40§ E- 60 ?C-on:ihutions:
C 50 [ EH
30 y_F
- s AL i [ ElheA
203 .}:/ : ./ “: MssM m™ 40 é%:n.:m
R
0 80 100 o .200 ] 300 .400. 1000
m, [GeV]
* vary whole template (scaling factor u). 100200 300 400 500 600 700 ;f:: [9&';:;]“
 for fixed value of m 4 find value of tan (3 * Read off ANLL,,, for each given point of
where CLs(pun=1) = 0.05. (ma,tan 8) from DB based on data.

60



LH components

ANLL7

100 200 300 400 500 600 700 800 900 1000

Direct limit:

* Fix template according to exact
model point.

* Find best fit point. Allow for floating
overall normalization ().

« 60
<

]

s

Best Fit (1)

Profile of the overall
scaling factor fi.

m, [GeV]

m, [GeV]

o)

“ANLL (m,tan3) W.r.t.
global minimum with floa-

ting p “.

ANLL?'*t =1n

tan 8

Pseudo-dataset (30/fb):
BG + m["%* m4 = 500, tan 8 = 30
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CMS oo

19.71b" (8 Tev)

T
m, =130 GeV

T
95% CL
[ 68% CL

SM H(125 GeV)
CMs [

0.6

Re-interpretation:

* Obtain AN LL from minimum
of scan for given m,.

19.7 fb™ (8 TeV)
T

T
95% CL

04

Tean * NB: does not vary as function
¢ Expected for
SM H(125 GeV) Of tan /8
. 006 CMS o 19.7 fb! (8 TeV)
S| m=so0cev 95% CL
= [0 68% CL
% = Best fit
= ¢ Expected for
@ 0.04 SMH(125 GeV) |
T b
(=) \
©
** & Minimuiim.for
NB: plots do not corresp. to pseudo-

.00 0.0:

dataset, but to CMS publication.

2 0.04
6(990)-B(0—7) [pb]
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100 200 300 400 500 600 700 800 900 1000

m, [GeV]

Re-interpretation:
* Read off ANLL and apply to

Fit to (pseudo-)data
LH components «  Directlimit:
© 0 Fit to BG-only Asimov dataset
ANLL(: q/’//2) . . E.so 10
1 60 10 30 50 10°
c
5 20 1 102
50 102 . . —|— 40
40 10 100 200 300 400 500 600 700 800 900 100 10 20 1
m, [GeV]
30 1 " v
20 10" m, [GeV]
10 10°%
100 200 300 400 500 O%Q 70 50000 1000 C.
m)\ [GeY]
L(p=1,6,—1 N"*
ANLL =1In ( (Z(ﬂ/@) N
R tan 3
—— —— m 4-tan
L m, =500 GeV 95% CL ] A B pIOt
“ [ 68% CL
ANLL (m4,tan j3) for + Best it
exact model point (with % s omn
1= 1) w.rt. floating 1 “. o f
" |Exp.o x BR for:
, . |ma =500 GeV
Pseudo-dataset (30/fb): e A A
co anf$=5...35
mod-+ _ _ - >,
BG + m, ma = 500, tan 8 = 30 oot - ]
0.00 0.02 0.04
62 6(9g99)-B(¢—11) [pb]

NB: plots do not corresp. to pseudo-
dataset, but to CMS publication.




Method comparison (exclusion contour)

63

] 11}
100 200 300 400 500 600 700 BOO 900 1000
m, [GeV]

100 200 300 400 500 600 700 800 900 1000
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CLs+b

30
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10

re-interpretation
P ?

- CLdirE{:t

s+b

- CL:im{:t
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Method comparison (exclusion contour)
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] 11}
100 200 300 400 500 600 700 BOO 900 1000
m, [GeV]

100 200 300 400 500 600 700 800 900 1000
m, [GeV]

re-interpretation
P ?

- CLdirE{:t

s+b

- CL:im{:t

30
'\

How does the re-interpretation method
differ from the full limit?

* ANLL{# sremarkably well reproduced.

* Catches long-range effects of h only coarsely
(supposed to be small).

1111 I-
* By construction gg¢ and bb¢ uncorrelated. 0 1000

m, [GeV]




Walk across (m 4, tan ) plane

2 60

* Inject signal for decreasing values of m 4 :

* Investigate behavior of signal templates &
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m ma =400 GeV  tan = 15

likelihood.

L iy JEg—— £ [Eg——
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[T i Br0E .
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40— o «| ﬂ
[ ;b flea 1 1
L o o ot st o
i

llllll

30f
20
C (o MY
10F
0
80 100 200 300 400 1000
m, [GeV]

i ]
100 200 300 400 500 600 700 800 900 1000
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Direct limit



B
= E ‘:. R g«: bb W wsswnr
Walk across (m,tan ) plane ‘;,m%%mg m% -
ol . ﬂ
* Inject signal for decreasing values of m 4 : i s
301
m7°%t ma =300 GeV  tanB =15
C 0 | \
10~
* Investigate behavior of signal templates & I
. . 0
IlkellhOOd 80 100 200 300 400 mA[élg\(’]]O
10° 10°
ANLL#
10? 10?
;10 =10
L1 <1
;10'1 ! = 10"
10% - 10
0-3 ;I | | | Lo Lo v b bg g 0-3
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
H m, [GeV] | m, [GeV]
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Direct limit



Walk across (m 4, tan ) plane

tanp
[=1]
o

* Inject signal for decreasing values of m 4 :

mi4t ma =200 GeV  tanp = 15

* Investigate behavior of signal templates &
likelihood.

| |
| |
| |
g e o
= AN LL(: qu / 2)
et "3
50 102
40 10
30 1
20 | 10
10 1072
-3
100 200 300 400 500 600 700 800 900 1000
=1 m, [GeV]
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Direct limit



Walk across (m 4, tan ) plane

* Inject signal for decreasing values of m 4 :

mi4t ma =130 GeV  tanp = 15

* Investigate behavior of signal templates &

68

likelihood.

100 200 300 400 500 600 700 800 900 1000
m, [GeV]

e 60f
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L -
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30f
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C O |
10~
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Direct limit
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Charged Higgs boson search (H1/~ — 7v)

AT

Karlsruhe Institute of Technology

* Concentrate on hadronic decay of W' —
well defined use of m for sig extraction.
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Most sensitive decay channel (cf neutral Higgs searches).

> 100 / L} I L I T T I T 1T I T TT | T T | T 1T
© 2 CMS -
O 5 Preliminary |
o ¢ Data -
Al 80 — H’ m,;=300 GeV —
—~ [ ]Multijets (data) -
) B EWK+tt with 1, (data) |
E [ JEWK4+tt no 1, (sim.) _
@ 2% Bkg. stat. N
LI>.| 60 77, Bkg. stat.@syst. ]
0, XBy_yp=1pb .
40 CMS-HIG-14-020 ]
20k —
. P L i
(@)] 2 3
= [ Bg. stat.zsyst. une.
m 15
~ . [ ] BKg. stat. unc
E 1 : ! o ..‘.¢*
8 0.5 3
0

0 100 200 300

m; (GeV)

400 500 600 700

—

_Q

= 0.9 Preliminary

—TV

95% CL limit for 6., xB,;

* Extending mass range of search by
180 GeV< my+/- <600 GeV.

1

o © © oo o o o
o N ow o O ~ @

o

19.7 " (8 TeV

CMS pp — t(b)H, H" — t*v,
7, +jets final state

- Observed

= Expected median * 1o
----- Expected median + 2¢

p—

Illllllllrlll

200 250 300 350 400 450 500 550 600
m, (GeV)

Institute of Experimental Particle Physics (IEKP)


file:///home/roger/Data/Bewerbungen/Bristol/Seminar/

Combined MSSM H — & H+ — 7v Limits AT

Karlsruhe Institute of Technology

. CMS hHA-w 19.7 tb™ (8 TeV) + 4.9 fb™ (7 TeV)
* Coherent search for all 5 MSSM Higgs bosons: o601 1o
S CL4(MSSM,SM)<0.05: ]
- 60 E:IMISI(u:lpll.ub!is?etli},lHZrEv,l — I1l9.?fh'1 .(s:re‘.n. 50 — Observed _:
E F |es%cCLExcludedy o &4 [ Expected .
50 [ = Observed 40 * 1o Expected .
L + 26 Expected ]
e Expected ]
40 [ | = 1o Expected ]
: . + 20 Expected| E
30f .
E [T mifSSW 1253 Gev|
201 MSSM m™* scenario
C T ]
10F 60 S (unNblshed) hitA v 19ftb (8 TeV) s 00 a0 6008007000
5 c K
- e 8 : 95% CLQkcluded , mA[GeV]
90 100 110 120 130 140  5Qf| |~ Observed
mA [GEV] i Expected
40 % .t 1o Expected|
* Infrastructure already set up. - | [I220 Expected 1 * Extension by further
. _ 301 1 channels straight
* Setting path for any kind of other forward (e.g. H —s bb,
' 20 - —
combined model searches. : : H — hh — 77bb,
10F [ i # 12813 Gov] - A — Zh — UrT).
- MSSM m™* scenario
[ =
r | I R T T T T N T S T N T N
200 400 600 800 1000
m, [GeV]
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H — 77 MSSM limits re-interpreted in Type-ll 2HDM ..\X‘(IT

Karlsruhe Institute of Technology

* Infrastructure in place. Incorporation in existing framework nearly trivial:

19.7 ib™ (8 TeV) + 4.9 b (7 TeV)

CMS hHA- 19.7 fb (8 TeV) + 4.9 fb™ (7 TeV)
L] T L T L] L] L] L L] A L]

60 T " T .

CL(MSSM,SM)<0.05:

=2
1=

b
1.

3

tanp

N W e O OO N 0O W O

lIIIIIIII]IlIIIIIIIIlIlIlIlIIlIII[IIIIIIII

50 [ | — Observed

----- Expected

+ 16 Expected

+ 26 Expected same data

CL(MSSM,SM)<0.05

§ Observed

=

7

.

o3

N ;

+ 2c Expected s §\\‘§ 2HDM type—ll -

L L PR ST T [ T TR PR BT %\ . RRET I [ T T T T
200 400 600 800 1000 -0.5 0.0 0.5

m, [GeV] cos(f-a)

Ph.D. thesis F. Frensch * Usually 7 free parameters on
05/2015 general 2HDM scenarios.

E
2
e

| 7 mMﬁSM # 125£3 GeV | ] + 16 Expected

S

=t
o

* Much more
studies/understanding required.
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Direct searches for H — invisible (arxiv:1404.1344)

AT

Karlsruhe Institute of Technology

e
L=
[ T

—h
Q
L

Combination of VBE and |
ZH. H —» invisible

fs=80TeV, L=18919.7fb' (VBF+ZH)

fe=7.0TeV.L=491f"(ZH)

s-channel
T T ’A"
RV l{X ...A.. X
t-channel
0"X X "0
“*‘ '4.0
Y
1 RX
—_—— —— I 1
o CRESST o !
] CRESST 20 1
—— - XENON1004201 2} /if
KEMONT 02011 ]
[ oA LIBRA
B CoGeNT{2013)/80%0L
[ CoGeNT{2013)89%0L
[ ©OMS 201 38500 q q
] COUPPE012)
—_— e LLaRatL
1 1 [l [l [l [l 1 1

DM-nucleon cross section -:315’_ v [Pb]

10° 10
DM Mass M, [GeV]

Institute of Experimental Particle Physics (IEKP)
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Higgs Discovery Period (2011 - 2013)

il DFG

* Personal contributions to Higgs discovery (& beyond): [X: 9 PASes, 5 papers!]
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“First MSSM limits (for Moriond)”

(03/2011, 36pb—") (HIG-10-002/arXiv:1104.1619)

“Update of MSSM limits (for EPS)’
(07/2011, 1.1fb~*) (HIG-11-009)

* “SM evidence (for Moriond)”
(03/2013, 25fb~1) (HIG-13-004/arXiv:1401.5041)

* “MSSM limits on full dataset (for SUSY)”
(07/2013, 25fb—1) (HIG-13-021/arXiv:1408.3316)

CMS (unpublished) H—tt, 4.9 fb' at 7 TeV, 19.7 fb ™ at 8 TeV

“Update of MSSM limits (for SUSY)’ gw‘: < ' =N

-1 _11. g10'F 7
(08/2011, 1.6fb— ") (HIG-11-020) Lo N i

810°F
“First SM & MSSM limits (fOI' Jamboree)” 310-4:_ . Deﬁning ana|ysis in 'LLT’ 67"6”_
(12/2011, 4.6fb~1) (HIG-11-029/arXiv:1202.4083) 105k
weir * Author of main supporting documents

“Update of SM limits for ICHEP (Higgs observation)” 107 (AN).

-1 _ . HYE '8 b
(07/2012, 10fb 1) (HIG-12 018/arX|v.1207.7235)CMS | :zgr o= 5 omblnation GFEIFEIE Abeay

T e Y e hannels & event categories.
“Update of SM limits (for HCP)’ 5 | s 10 = channels & event categories
(1172012, 17tb~") (HIG-12-043) SO o  Statistical inference, post-fit plots,
405_ +10 Expected compatibility, NLL scans, limits, ... %

“Update of MSSM limits (for HCP)” poL e
(11/2012, 17tb~1) (HIG-12-050) 30f * Combinations w/ other Higgs decay

“SM4 searches (direct publication)”
(02/2013, 10fb1) (arXiv:1302.1764)

channels.

[ ===zmne| °* Pre-approvals & approvals.

10 MSSM m[™°* scena
A N N R B
200 400 600 800 1000 m_ [GeV]
m, [GeV]

Mike Bachtis, Josh Swanson, Andrew Gilbert, Valentina Dutta, Aram Apyan,
Riccardo Manzoni, Alexei Raspereza, Phil Harris, Markus Klute, RW...
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Higgs Future Projections (2011/2012)

il DFG

| CMS Projection

‘ T T
Expected uncertainties on

Higgs boson couplings

10fb'at §5=7 and 8 TeV
300 fb'at f5 =14 TeV
300 fb” at f5 = 14 TeV w/o theory unc. ——|

CMS Projection

‘ T
—
—

* ESG (CMS-NOTE-2012-006) & snowmass reports

Marco Zanetti, Markus Klute, RW.

Significance [o]

Projections for 30 / 300 / 3000 fb™
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2
v

1.5

CMS 19.7 b (8 TeV) + 5.1 o™ (7 TeV)

| + Observed H-oWW

Tl ¢ SM Higgs TQ

L ———"‘\ f o

B H-3?
H-bb

|
0.5 1 1.5

Ky

by 20 [ T T T T
Cy O [ Expected 68";‘4; and 95% CL | 10f’at f5=7 a‘nd 8 TeV
18 ranges on Cv-Cf 30fb"at fs=8TeV E—
Cv C
16
© 14F
C C
g 1.2
“ 10[-
I | I 1 1 [
0.5 1.0 0.8
0.6F
| CMS Projection S
Iéxpe;ted ;ignitllcanée for 1‘0 i’ L: {s=7and8 Te\.‘l — 0_‘8 ‘ 1 _lo 1 .‘2 I
standard model Higgs boson 30" at fs=8TeV —
Combination obs exp
Hovy 5.70 (5.30)
Ho 22 6.80 (6.70)
H W 4.30 (5.80)
Hote o ——— 3.20 (3.70)
H— bb 2.10 (2.50)
0 5 10 as published

Basis for strategical decisions.

Preparation of datacards in all

decay channels + calculation of

significances.

NB: Scenario for 30fb~"
compares quite well with reality.
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Tools for H — 7 Limit Calculation S(IT I||i|- DG

Wiki > [ CMS Web > HiggsWG > SWGuideHiggsAnalysisCombinedLimit > SWGuideHiggs2TauLimits (2013-11-26, RogerWolf) m_(;(;)C'V.Isl L S A A ALY A L)
. < L ] - ]
4 Edlt Attach EDF S N CLy(MSSM,SM)<0.05: ]
50 [ |— Observed .
H H H H H name pre fit L |- E ted ]
Calculating Limits for the Higgs2Tau Working Group | &cs oo 7100 00y 0.3 o ]
CMS_eff_b_8Tev 8.00 +/- 1.00  +8.44 +/- 0.55 [ + 10 Expected ]
CHMS_eff_e 0.00 +/- 1.00 1-0.09 +/- 0.16 40_ -
cMS_eff_m ©.00 +/- 1.00 1-0.28 +/- 0.14 5 + 26 Expected 4
cMs_eff_t_etau_7Tev 0.00 +/- 1.00 1+0.21 +/- 0.19 o E
CHMS_eff_t_etau_8Tev 8.00 +/- 1.00 1-8.36 +/- 0.12 - E
Contents EMSizfﬁtf:s:;Hig:fetaujTeV 0.00 +/- 0.99 +0.00 +/- 1.04 r 7
CMs_eff_t_mssmHigh_etau_8Tev 0.00 +/- 0.99 +0.00 +/- 1.04 30 . ]
cms_eff_t_mssmHigh_mutau_7Tev 0.00 +/- 0.99 +0.00 +/- 1.04 I 7
il i CMS_eff_t_ High_mutau_8Tev 0.00 +/- ©.99 +0.00 +/- 1.04 T ]
* Introduction and Installation tmsjff,t,::::H;gnf:;ui:u,siev 0.00 +/- 8.99  +0.00 +/- 1.04 C ]
5 CcMs_eff_t 't TTev 0.00 +/- 1.00 1+0.47 +[- 0.12
e Creation of Datacards (Ms:sz:t::st:tznzv 0.00 +5- 1.00  1-0.21 +§- 0.07 20 ]
. CHS_eff_t_tautau_sTev 8.00 +/- 1.00 1+6.81 +/- 0.14 J
. Dlrectory Structure cMs_fake_b_7Tev 9.00 +/- 1.00 +0.15 +/- 0.94 i
CMe fake b 8Tev 0.00 +/- 1.00 10,11 +/- 0.66 10 — mmﬁsu¢12513 Gev| 1
i i il 1-0.73 +/- 0.49 . ——
. ;kel.l:ood Evaluation CMS o 107t ETey) o o) o MSSM ™" scenario]
» Significance . I B B S B B S B B B m B B e m s 12:03 4/ 1. 7
o . now. [ < 125 Gev 95% CL ] osever B ]
« Limit Calculation 3 ¢ 68% CL -0.07 +/- 0.87 200 400 600 800 1000
. . . b .
* Plotting of Results Andrew Gilbert, Felix ! + Besti m, [GeV]

FrenSCh, Rene CaSpart, ¢ Expected for

PR R N

bbo)-B(¢—7) [pb]

H 3 1 I M H 12 V serve
Introduction and Installation | Artur Akhmetshin, RW L SHH(12s6en) - 1 e
JUSCEEE H (125 GeV) Expecte;
e} L P - 2y - k| + 10 Expected
The Higgs ToTauTau subgroup has an official CMSSW package to centrally administrate a © ‘ = 20 Bxpected
the subsequent decay into tau leptons. On this TWiki you will find the relevant information L 1
package as described below. The most important part of the package is the set of scripts Tr T N
important scripts you might make use ~F ara listard halaws with = chart Aacrrintinn: L ™ ]
CMS, 19.7 fb™' at 8 TeV oo 1
d d " - 2077+ 777 T 7T 77 ] T | i S 5 1
o setup-datacards.py: se upyot% ______ SM H(125 GeV)—>tt o Li® 1 gL A R B
» cvs2local.py: copy officially st O 1.8 —e— Observed 0 2 4 6 8 10
* Setup-hﬂ'py: SEtLlp the directo = 16 CMS (unpublished) H—tr, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV 2
¢ submit.py: do the submission E.; 1.4 [ Electroweak g 1 :_.\I — . T T T T 3 ;
o limit.py: do final signal strengt g 1.2 % gs; uncertainty ‘107 3 N\ = ’ to
* plot: initially create final plots i ® 2402 4% 100 120 140
' wT, - i, m,, [GeV]
0
The package contains many more s 08 Loose VBF tag i S~ L
does and what its scope is. To make 10t 2 H H
you with the information needed to s 105é' 1 Used for a" StatIStIcaI
dataset in Hig13004TWiki (for the Sh " d H I
9 ( 10°F 1 | inference in H — 77
e.g.. 107r L
H 10-8 ;r —e— Observed p-value i u p to nOW!
Master thesis Rene Caspart 05/2014. m.. [GeV] B e 125w 3
. . 10 5- [ + 20 Expected for SM H(125 GeV) -E
under my responsible supervision. oot )]
75 100 120 140

m,, [GeV]
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Current Personal Situation ..\g(“.

Karlsruhe Institute of Technology

* Habilitation @ KIT/EKP (Leader of KIT Higgs group, since 11/2013):

* \ \‘\\» Convenor of LHCXSWG-3

Convener of H — 77 sub- (MSSM & BSM).
group (2014/2015) e

Baden- L] é;:. ®
Wiirttemberg e.ee0ee
\ Stiftung o3%es"

Lectures on Higgs physics
(3x evaluated)

Habilitation document Fellow of the Baden-Wurttemberg Stiftung
published in Springer (supported with budget of 90k Euro for own group,
Tracts of Modern Physics since 01/2014).

(“The Higgs Boson Discovery
at the Large Hadron Collider”)

* Higgs Group @ KIT: Dr. A. Gilbert, Dr. S. Wayand, 3 Ph.D., 4 Master, 1 Bachelor.

e SMH — 77(5¢) and turning it into a CP measurement.

e Continue/extend BSM searches in H — 77 decay channel & statistical interpretation.

* Extend searches towards H .

76
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