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Higgs mechanism provides masses for gauge
bosons and fermions
Spontaneous symmetry breaking:
Non-zero vacuum expectation value
— particles acquire a mass
Couplings proportional to particle mass

Af %and A%, < gM,,

+ L —
0315
U =
c

The coupling structure is predicted by
the SM and should be tested in detaill
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19.7fb" (8 TeV) + 5.1fb' (7 TeV
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Higgs Couplings

Are we talking about the same mass generation mechanism for all
lepton generations?

22.11.2016 | 10" Annual Meeting of the Helmholtz Alliance "Physics at the Terascale“ | jan.oliver.rieger@desy.de | 8



v
/m)n'npaﬁ::t Muon Solenoid

Are we talking about the same mass generation mechanism for all

lepton generations?

1

N

CERN-PH-EP/2014-001
/X 2014/06/13

ATT h CMS-HIG-13-004

Evidence for the 125 GeV Higgs boson decaying to a pair of

T leptons

The CMS Collaboration*

CMS, 4.9 ib" at 7 TeV, 19.7 fb™ at 8 TeV

my, = 125 GeV 0-jet
0.34+1.09

1-jet
1.07+0.46

2-jet (VBF tag)
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H+LLl' + l+L7,
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H-1t
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2 4

Best fit 1
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Higgs Couplings

Are we talking about the same mass generation mechanism for all
lepton generations?

h — pp gives us access to the
pnd lepton generation coupling h """ S

h — uu could be a part of the answer!
(2™¢ ys 3rd generation couplings)
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Gluon Gluon Fusion (GGF)
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Signal and
Backgrounds

Compact Muon Solenoid
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Main Challenge

Very small branching
fraction for h — uu

* Consider all Higgs production mechanisms
— Target topologies with enhanced S/B
— Profit from the best muon pr resolution

* Good description of signal/background events
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-Compar:.‘t Muon Solenoid

i

1 |

» single muon trigger (p; > 22 GeV)

* two opposite charged isolated muons
* we need to reduce with: p; > 22(10) GeV and | n | < 2.4 - VBF tight: gain

discrimination using
the gap size and dijet

the mass window for o .
our search: events - anti-ky jets with pr > 30 GeV

categorization - mass
according to p Pre-Selection Cut - gluon fusion: jets

p; resolution Leading Jet pr>40 & Sub-leading Jet from IR partons

Fail pt>30 & pr(Missing) < 40 GeV Pass
e T
| Non-VBF Categories | | VBF Categories |
£ Y ¥
Tight \( Loose 4 N N\ A
> 10 GeV < 10 GeV .
Pr(HK) )1 Pr(bw) ) | vBF Tight || s8fusion-]| Loese
PN SN Tieh
Geometrical Geometrical
Categories: Categories: Non-VI;F Tight
Barrel-Barrel (BB) Barrel-Barrel (BB) M(jj) > 650 GeV . v .
Barrel-Overlap (BO) Barrel-Overlap (BO) . } — §5o o reman:mg
Barrel- Endcap (BE) Barrel- Endcap (BE) 1AnGH1 >33 1| pr(up) ~50 GeV events
also 00, OE and EE also 00, OE and EE
e A PZRN i AN I AN /
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Reload Analysis at 13 TeV
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work in progress
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Run Il Analysis:
updated Event Selection

0/1-jet BB gF Tight |
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+1eimu Zh
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Run Il Analysis:
updated Event Selection
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Run Il Analysis:
updated Event Selection
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Run Il Analysis:
updated Event Selection
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Remove the bias from:

* detector misalignments,
* reconstruction software,
* uncertainties in the magnetic field

‘Rochester corrections’

Z mass profile

work in progress

data Z — uu

_}_
——
_}—
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¥ [ ndf

p0
p1l

6726/ 14
90.67 £0.10
—0.08294 £ 0.05458

1/pr correction binned in Q, 1 and ¢

1\.
0 <—> is used
pr
o No correlation between
ut and pu~ assumed

it

i

e

'!—hﬁ .

Z mass constrained correction

o Z mass peak is used for finer tuning

of the corrections
o Independent from
any physics modelling

3 2 1

2

|III|IIII|IIII|IIII|IIII|IIII|
89 3

o

Reference for the method:

EPJC V72, 10.2194 (2012) (arXiv:1208.3710[hep-ex])

> ut:—2.4 <n < -—2.1 (used muons: isolated, tight ID, p; and 1 criteria)
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> This is mainly an effect in the high 1 region fordata: u™:—-2.4<n < -2.1
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> This is mainly an effect in the high 1 region fordata: u™:—-2.4<n < -2.1
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Compact Muon Solenoid

m,,[GeV]

work in progress e X/ ndt 2568114 < work in progress R x°/ naf 2049774

- p0 90.86 + 0.05 ® = p0 91.01+0.05

9250 data Z — 2y Pl 0.01872 +0.02474 %92_5:_data Z = pu Pl 0.04087 +0.02471
C ] £ C ]
s2f - 92F =
9151 1 = 91.5F 1 1 F
: : 5 SRE
e ot S Aa Y O = o + = +++ s + T -
— 1 TR T Ty ;
90.5%— + — 90.5 —
s0C E s0f- 3
39.53— — 39.52— —
:l 1 1 1 1 | L1 1 1 | 1 11 1 | 1 11 1 | L1 1 1 | L 11 1 |: :l L1 1 1 | I | | L1 1 1 | I | | L1 1 1 | 111 1 |:
B9—3 -2 -1 0 1 2 3 39_3 -2 —1 0 1 2 3
¢ ¢

> Much smaller effect in the central region of the detector: u*:—0.7 <n <0
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> Much smaller effect in the central region of the detector: u*

—0.7<1n<0
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Muon Momentum

'Corrections

| work in progress | | 1%13 Tev work in progress | | f‘;me\’
- . @00 oo rrryrrrrrrTTTTTTTT - T T TT 1T LI LI
5000 - Data Zi —pp n © Data ZIy —up
1 =00.88 +0.02 [GeV] — 1t = 90.64 £ 0.02 [GeV] |
00l o= 1.97+002[GeV] - - 0= 283:002(GeV]
] 4000 [ -
3000 |— BB j C EE .
] 3000 [ 4 =
uncorrected ] : uncorrected 7
2000 |- 7 i ]
1 2000 (- .
1000 - bl'nded 1000 — bllndEd
s I eSO T | region -
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=] T 1T T T 1T LI LI | _ T T T T 1T LI LI Ii
© 5000 C Data Zh. —up 4 @ Data Zh. —up
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4000 - ]
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L \
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UH
_ij_i_
n

Estimation of scale and
resolution by an iterative
Gaussian fit

BB: improvement of
the Z mass scale
1(GeV):90.88%3:52 vs 90.9810:92

EE: improvement of scale
and resolution
1(GeV):90.64%3:52 vs 90.8510:92
o(GeV):2.831502 vs 2.80%3:92

Outlook:

= Data/MC comparison

= MC studies h = uu
DY — uu
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A look Into the
future...

2
s
s
2
&
<
s
E
g
£|
5
8

UH
_ij_i_
n

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV CMS Integrated Luminosity, pp
Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC

45 . . ‘ , . a5 ; : : : . : ; 60
;" B LHC Delivered: 41.07 fb Lf == 2010, 7 TeV, 45.0 pb '
& 40 © CMS Recorded: 37.82 b 40 £ m—— 2011, 7 TeV, 6.1 1 ' 0

— —1 i
.-'? 35| 'E' 2212, 83‘I’eV, 23.: fb 1
. o ] — 2015, 13 TeV, 4.2 fb~
8 CMS Online Luminosity o € .
£ 30f £ w2016, 13 TeV, 41.1 fb {40
: .
525
- _;' 30} 130
g 20 0
® ®
©
o 15 o 207 120
o ]
Tt 10 £
- = 10+ 110
E 5 -ls
|2 = de >0
0 ) 0 X o W 00 c® of wo' aof 0
\\ A ) X 2 A N e’ C ) e’

Date (UTC) Date (UTC)

22.11.2016 | 10" Annual Meeting of the Helmholtz Alliance "Physics at the Terascale“ | jan.oliver.rieger@desy.de | 30



>
U
U

-%ﬁ‘t Muon Solenoid

Date (UTC

14 TeV | Luminosity, pp

=, - ‘.\ \\ |
A |
CMS Integrated Luminosi . .
g v, PP, P-Value vs Integrated Luminosity
Data included from 2016-04-22 22:48 1
45 : : . g 10—1 - LI | | Ll 1 i LI | L T T 1 L I LI T I LI I L -
- BN LHC Delivered: 41.07 i§ = e .
2 40 1 CMS Recorded: 37.82 ] & 10° —% =
g SO, - NSRRI UV SR S ---- Interpolated value ___|
E‘ 35 10° = =
0 . . . . —]
CMS Online Luminosit = =
.g 30 y 107 —
E 25| 109 :
o RFSTSPSSRA I S S RS DR NN N —
-8 20 L 10’” z R
‘t.u' 13 __: E
&5 15 L R ]
Q b =
10 = =
€ 10| RS SR AR AU ]
— 107 — —
3 5 S T Rt SO —
2 10" =
0 \!. “. X g. e R s . i
’ 0 \’ o 10 et i T e L T i ) e S i Bl B |||r|||_—
AW 3y 3 AP 0 500 1000 1500 2000 2500 3000

Integrated Luminosity (fb™)

8o

90

-03-30 11:22 to 2016-10-27 14:12 UTC

TeV, 45.6 pb !
TeV, 6.1 '
TeV, 23.3 b !
3TeV,4.2Mh !
3 TeV, 41.1 /!

T T

) o0 g o
4957 407 W

Date (UTC)

22.11.2016 | 10" Annual Meeting of the Helmholtz Alliance "Physics at the Terascale“ | jan.oliver.rieger@desy.de |

o<
& 0

31

60

50

40

30

20

10



14 TeV | Luminosity, pp

Date (UTC

g A 10C @ s
h 2]
\
- \’ -
W \ L \\ |
A |
CMS Integrated Luminosi . .
g v, PP, P-Value vs Integrated Luminosity
Data included from 2016-04-22 22:48 1
a5 ; - ‘ ESPH AN RELLE LEREN EERLE LEARE RARENRAL
? BN LHC Delivered: 41.07 {§ 3 . T —
& 40 m CMS Recorded: 37.82 | * 10° _-nbl ~ 30 .
OO Wovn S SOPRRUORY -- Interpola value  __|
E 35| 10-5 s —
0 . . . . —]
CMS Online Luminosit = =
.g 30 y 107 —
£ N N D -SRI S S —
S 25} 107 -
o R PRI I S S RS PR NN N —
-8 20 L 10’” z R
‘t.u' 13 __: E
5 1sf L 7
a b =
10 = =
E 10+ ol =
— 107 — —
3 5 — —
2 10" =
o 1I “I \I gI 21 termm i —_
’ 0 \’ o 10 ||!|| P e i L Y s e reneerens |||||||_—
AW 3y 3 AP 0 500 1000 1500 2000 2500 3000

Integrated Luminosity (fb™)

8o

90

-03-30 11:22 to 2016-10-27 14:12 UTC

TeV, 45.6 pb !
TeV, 6.1 b !
TeV, 23.3 b '
3TeV,4.2 "
3 TeV, 41.1 /!

T

T

) o0 g o
4957 407 W

Date (UTC)

o<
& 0

»Evidence could become feasible after LHC run?2
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 Summary of the LHC runl analysis
> 7,4 6,51’%;2 ) observed (expected) 95% CL limit on —

OsM

h — up evidence could become feasible (L;,; = 300 fb~1)

Overview of challenges, plans and ideas for LHC run2

First look into muon momentum corrections and their improvements on
Z = py

More to come for Moriond 2017
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