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ATLAS & CMS detectors
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Typlcal for 60 GeV object is
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Higgs vyields Hong

PITT
Yields below for rough idea. Categories / bins important.

19.7 fb" (8 TeV) + 5.1 fb™' (7 TeV)
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ATLAS Preliminary Input measurements

Signal strength m, = 125.36 GeV 15 0n

m, (GeV)
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Compare ggF v. VBF ATLAS Preliminary
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General relations for u < « ornd (&9)
Diagrams Formulae
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* Fit all K simultaneously (assume fixed I'r)

- Better constraints with addt’l assumptions




Benchmark models

Table for reference; will discuss a few models next
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Functional assumptions

Couplings Parameters| ., | « | « | x | « | Example:yyin ggF
. Ky, KF v v v v v K% 'K%((KF,KV)/K%{(KF,KV)
Fermions / Bosons ——— — V2 R R v e [N P A S
Ko, Ky,
3 zf 1 1 _ _ v Kg - Ky /1 (g, Ky)
Loops + BRgsm Kzfgl’g‘fgi’ ) -1 -1 - - v k2 1 /% (kgs i) - (1 = BR; )
] <1 - v v v iy (Kp k)2 ,
Kr, Ky, BRI.,u. _ _ v v Uoff W (1= BRI.,U.)
° KF, Ky, Kg, Ky, <1 - - - v K%:.KY(KF’KV)Z - (1 = BR;
U/D-type fermions | «,.BRi . - e e B ) D)
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A’lq’xVQaqu ‘/ Kl’KC[ \/ \/ - Ké K’%(l’ l,qu’KVq)
Leptons / Quarks 07 e )
Kw, K7, Kt, Kp, Kg, K - — v v v = 5 .
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Generic models k74 BR;_u. - - = | e | OeReRenwe)
Awz, Mg, Moz, Az, .
ng s Mz Azyzs Ko7 - - - - - Koz " }\'YZ
Higgs — invisible BRiny direct

| added the last row to the list, not part of couplings papers.
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Higgs couplings

Higgs gives mass? Check vertices (assume SM loops)

19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)
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19.7 b (8 TeV) + 5.1 fb" (7 TeV)
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m, mass (GeV)

m or m? dependence in the Lagrangian consistent within ~10.

ATLAS + CM
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Higgs couplings e (&)
New physics in loops? Check loops.

g . 19.7 b7 (8 TeV) + 5.1 fb” (7 TeV)
Z]>"H + H@:\: CMS = 68% CL
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- Can reduce # of parameters per model.
Here V=(W, Z) & can, e.g., require Ky < 1.

* SM for every K included in 95% confidence interval

CMS ﬂ



Example of k- - Ky relations Hong (E2)
Consider H — WW*
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* Simplest model is (Ky, Kr) where

the denominator KH2 IS mostly KF2




i - 1-to-1 aspect
Higgs couplings rat.o\ wwplot &)
ATLAS

Fermions v. Bosons
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VBF H— WW* — evuv

- Run 214680, Ev. no. 271333760
4 Nov. 17, 2012, 07:42:05 CET

A EXPERIMENT
http://atlas.ch
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19.7 b (8 TeV) + 5.1 fo’' (7 TeV)
CMS ¥ 68% CL
== 05% CL
Custodial symmetry  w/z | —m— 08205
V - 1.017057
Yukawa v. gauge F__ | - oerl
MSSM, ... d/u |  ——a=— 00053
2HDM, ... t/q |  ——=—— 103G
. 8 —el— 0.897 )1
BSMin loaps y | —— R
T+ ( invisible or ) BRgsym = ...  08kCL<OI4
undetected 0 05 @ 15 2 25
Parameter value
0@ XZ . Kyz
7 BT
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No statistically signficant deviations w.r.t. SM. !

CMS



Higgs couplings

Higgs decays invisibly (SUSY, DM, etc.)?

« Combined coupling limit on
BRgsMm = BRundetected T BRinvisible

o H — ETmiss

I|m|t on BRinVisibley
most stringent from VBF, then VH

BRCMS < 57%
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* Limits from
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ATLAS Prelim - Data 2012
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Hong fn)

Summary ond (&)
Future projections

—————

 Fermions v. Bosons?
» Good to 10 - 20%

* Vertices, loops?
> Good to 10 - 20%

- BSM decay?
> BRinvisible < 40%

[2]

£ b B0 g
@un,ruw,o\s Fasf as You Can, k
You can't cotch me, I'm the /&=

3 AD MANT
GINGERBRE il

- Corner Higgs with more
data & better techniques

Higgs is weird! Check if portal to non-SM physics.
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[1] All of the Higgs information is from

> https://cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
> http://cms.web.cern.ch/org/cms-higgs-results
| most heavily relied on the two couplings CONF notes.

[2] The cartoon from p1 and p17 is by Roz Chast from

> http://www.symmetrymagazine.org/sites/default/files/images/hi-
res/cover_cropped.jpg
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Table 12: Tests of the compatibility of the data with the SM Higgs boson couplings. The best-fit
values and 68% and 95% CL confidence intervals are given for the evaluated scaling factors

S u m m a r t a b I e K; or ratios A;; = «;/x;. The different compatibility tests discussed in the text are separated
by horizontal lines. When one of the parameters in a group is evaluated, others are treated as

nuisance parameters.

Table in Best-fit result
Model parameters Parameter Comment
Ref. [169] 68% CL 95% CL

Awz = kw/kz from ZZ and
0/1-jet WW channels.

2 Kz, Awz, K 4 @ 0921014 (0.71,124] 7wz =rw/xz from

1 Kz, Awz (k¢ =1) — Awz 0.94+022 [0.61,1.45)

(top) full combination.

les couplings
1.01%997 0.87,1.14] V@ PUng
Ky, K¢ (ti:;) v —0.07 [0:87, ] to W and Z bosons.
3 K¢ 0.87+014 (0.63,1.15] X scales couplings
to all fermions.
Adu = Ku/kq, relates
4 Kv, Adus Ku (;:;) Adu 0.991“8:%2 [0.65,1.39] up-type and down-type
fermions.
5 gty Atg 103792 [0.62,1.50] ﬁf;t:n;‘i n o relates
Kw 0.95 014 [0.68,1.23]
Kz 1.05 1016 [0.72,1.35]
0.16
Kw, Kz, Kt, +0.19 .
xtends t B _ .09, 1. - e quarks (via t).
6 Extend! K| 0.81 715 [0.53,1.20] Up-type quarks (via t)
Ko, Ko 51 Kb 0.74 1033 [0.09,1.44]  Down-type quarks (via b).
T Kr 0.84 1019 [0.50,1.24] Electron and tau lepton (via ).
Ky 049 1338 [0.00,2.77] Ky scales fhe coupling to I?uons.
7 Me  Ref[202] M(GeV) 245+15 [217,279] Ke=0 ]\/ﬁi and xy = v%
€ 0.014790%  [_0.054,0.100] (Section 7.4)
0.036
8 o x 48 Kg 0.8910.10 [0.69,1.11]  Effective couplings to
& (top) Ky 1147942 [0.89,1.40]  gluons (g) and photons (7).
9 Kg, Ky, BRpsM 48 (middle) BRgsm <0.14 [0.00,0.32] Allows for BSM decays.
10 with H(inv) searches — BRinv 0.03 4:8:(1); [0.00,0.32] H(inv) use implies BR et =0.
1 with H(inv) and x; = 1 — BRiny 0.06 T4l [0.00,0.27]  Assumes x; = 1 and uses H(inv).
Kez 0.98 7912 [073,1.27] Ky = Kxgkz/Ky, ie. floating xyy.
Koz, Awz 0.87 7013 [0.63,1.19]  Awz = kw/xz.
© Azg 1.39 tg;gg [0.87,2.18]  Azg = Kz/Kg.
12 Mz, Azgs M2 (ponom) Aoz 0.59 1022 <1.07 Moz = Ko/ Kz,
Az 0.93 ¥017 [0.67,131] Az =ix,/5z.
Ayz, Arz, Mg Az 0.79 7515 [047,1.20] Az = ke/Kz.
Atg 2.18 7924 [1.30,3.35] Ay = i/
Ky 0.967514 [0.66,1.23]
Ky, Ko, K Kp O.64f8:§g [0.00,1.23] Down-type quarks (via b).
" Similar to Kt 0.821“8:}2 [0.48,1.20] Charged leptons (via 7).
50 (top) it 1.607933 [0.97,2.28] Up-type quarks (via t).
13 o Ker K 0751015 [0.52,1.07]
Ky 0.981017 [0.67,1.33]
with xy < 1 and BRpgy — BRpsm <0.34 [0.00,0.57] Allows for BSM decays.
with xy <1 and H(inv) — BRiny 0.17 £0.17 [0.00,0.49] H(inv) use implies BRnget = 0.
with xy < 1, H(inv), — BRiny 0.17 +0.17 [0.00,0.49] Separates BRiny from BRndet,

BRiny, and BRndet — BRundet <0.23 [0.00,0.52] BRgsm = BRiny + BRundet-




