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Higgs and EW Physics

Precision SM Measurements in Higqgs phvsias...wkv?

1) Indirect searches of BSM
2) Test of how well we khow the SM

Established framework:
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LEFT _ pSM

for 2), we want this as general as F»Ossi,biﬁ
(for a wnice parame&risaﬁom i Ehis case, see last YR, 1610.07922)

* Anomalous couplings Lower SM cutodf and are an EFT


http://arxiv.org/abs/arXiv:1610.07922

..as general as possible, model
independent.
- Difficult in practice QHM? Vr aﬁ;&s Vi
- Inefficient (e.q. nearly flat direction(Ay ~ @)1411.0669
- Restricting assumptions appear in most
analyses (e.q. flavour uméve.rsauﬁv)
- More is Llearnk about the S when ks tested

against s[om‘:iﬂfia BSM hypotheses



BSM Renchmaries

Documenk thak classes of
and mabtches to EFT

Useful for to motivate more sharply specific
searches

Useful for to interpret exp. resulks in EFT
Lanquage

Leads to educated choices of of operators



BSM Renchmaries

Larqest effects: ok , when N¥ @ couples to SM as,
POgnm

1) Composite Higgs models

2) Greneric Minimal SM exbtension

3) Extended scalar sectors

4) SE\“QMSL:, iteracting vectors



BSM Renchmaries

Larqest effects: ok , when NP @ couples to SM as,
POgnm

1) Composite Higgs models

2) Greneric Minimal SM exbtension

3) Extended scalar sectors

4) S&rovxgi.v iteracting vectors

Symmetry can lead to first interactions with NP
O Og
5) New Physics at



HXSWG Document

ALl conbribubkions have arrived
Introduction missing

Document will provad@. a dia&iouarj between class of
and class of



1) Composite Higgs
Guiding table: operators <> processes
(Universal Theories)

Main effects in
(Lowmemergv)

Main effects in
(Mghmenerg'j}

Operators (SIL\H) Higgs physics 2-72 physics
Operator name Operator definition Main On-shell (Higgs) Dominant Off-shell
Oy 5 O (HTH)OM(H'H) h — i, VV* at < O(10%) Vi Vi, — ViV, hh
Or L (1D, H)(HD'H)
06 )\h(HTH)3
Oy yy U HYR(HTH) h — i at < O(10%) ViV — tt
Ow 5 9(H i D, H)(D, WH)i q7 — ViV
o 5 g/(HID,H)(0,B") ai— ViV
Ouw ig(D*H)To'(D"H)W}., h—~Z at < O(10%) qq — Vi Vi,
Ousp ig(D*H)'(D"H)B,, h—~Z at < O(10%) qq — ViV,
O, g:HTHG® G h — gg at < O(10%) pp — VL.V, hh
O, g?H'HB,, B" h—vy,7Z, ZZ at < O(0%) | ViV = vy, Z, Z2Z
O —595(D"G ) (D,GP)* None pp =3
O | ~1A (D1 W) (D, W) None 10— VY
O2p ~39"(0"Byy)(0,B") None qq — Py
Osc gz fachf;”GIZp G None
Osw PP Wi Wi Wyt None




1) Composite Higgs
Luca Vecchi
New (perhaps large) coupling
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Composite Higgs: SLNDA = -2 N
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1) Composite Higgs

Ne.w (Perkaps Large) coupling

¥
*)'

9 9
[ mi/2 TI
Sjm mekbries New mass

Assumg&ions <=3 EFT

atve
ower
Counting Sf;:a ar \fet::
Coefficient | Generic CH nght j =0 | Light j =1 | Only Higgs || SU(2) custodial NGB-Higgs
2 2 2 2 2 2
CH 9 9« 9« 9« G« , 9«
2 2 2 2 2 g 2
cr 9« 9« 9« 9« 9% X 1672 9«
4 4 4 4 4 4 g> g
9 9. 9 9x. 9. 9 9 g
C6 M M A M M h (gz OF 16
2 2
g g
) 2 ()
HW,HB 1672 1672 1672 ;
2 2 2 g
9,y 1672 5 1672 1672 5 1672
1 1., 9 1 1., g 1 1
€2G,2W,2B 92 g2 1672 i gz~ 1672 g2 g2
1 1 o 1 P 1 g 1 1
€3G3W 92 gz * T6r g? ~ 16m2 g2 X Tor 92 92




2) Greneric Minimal SM extensions

deBlas, Criado, Perez-Victoria, Santiago
(summarising 1711.10391)



2) Greneric Minimal SM extensions

Si;m[pte extension with just one resonance:

Filelds Ehabk can toutate
(renormalizably) to Sm

{

Sonlars S o = = 0, @ SM quantum numbers
(L) (1,2)y, (1L3)y (1,3); (L,4);,, ((1,4), of the resonance
N E Al Ag bD E1
. (L), LYy (L2 L2)_5, @L3) (1L3)_,
Fermions — y D Q1 Qs Qr Ty T
(371)2/3 (3 1)—1/3 (372)1/6 (372)—5/6 <372)7/6 (373)—1/3 (373)2/3
B 14% Wi

(1,3)g

(1,3),




2) Greneric Minimal SM extensions

deBlas, Criado, Perez-Victoria, Santiago
(summarising 1711.10391)

Geheraﬁad operator(s), Warsaw basts

Operat// Fields that generate it

Q; j S QO,E E17(—')17(937 BlaW
[l S, 2,21, B, B, W, Wi
(6T D, o =, 21, B, By, W, W,
|¢|2Z_L¢6R S? ¥, E7 E E Ala A37 Za Ela Ba Bla W7 Wl
‘¢|2QL?dR 8 ¥, E? E 1, Da Qla Q57 Tla T27 Ba Bl) W7 Wl
‘¢|2QL¢U’R S 2 57 E U Q17 Q77 T17 T2 87 817 W) Wl

(Z_LW“ZL)(WZDM) N, E, % %, B
(l_LW”OalL)(W’I»D ¢) N,E, %, 3%, W
(q_L,yMQL)<¢TZDM¢) U? D7 T17 T27 B

((jLW"a“qL)(quz’DMqﬁ) U, D, Ty, To, W
(éR“Y“eR)(ﬁbTiéu(ﬁ) Ay, Ag, B
("L_LR’Y'“UR)<¢T7:£M¢) Q1, Q7, B
(dry*dRr)(¢'iD,d)  Q1, Qs, B
(apy*dr)(¢TiDug)  Q1, B




2) Greneric Minimal SM extensions

Many models conkribute to EW precision daka:

assume (Rather than neglecting operators)
Quark bidoublet: Q; ~ (3,2),/6 and Q7 ~ (3,2)7/ (Cug)ss
)\2
x
C C (Cyor )i (0(3))..
Neutral vector triplet: W ~ (1,3 ’ = i o
eutral vector triplet: WV ~ (L,3)o 2?3692 v 60 (0")ie?)
M?2 SM?2 4 M2 4M?2
Co Com (Cyg)ij
_e(e? 3%y (f)

Pair of vector singlets: B~ (1,1)y and B; ~ (1,1), —S YV e




3) More details on Extended Scalar Sectors

Dawson, Murphy
(summarising 1704.07851)



3) More details on Extended Scalar Sectors

Scalar models parame&rised. through physical «, [
mLxLA ratio of vevs

h Cosoz‘/—sinoz h «
( )( ) ( tan Bs = v /vg
H sina  cos« ©

Re(¢%) = v + ¢

Model CH CeASM CcT Ct Cp = C;
Real Singlet: explicit Bg  |tan® «|tan® @ (Aq — ™2 tana) | 0 0 0
Real Singlet: spontaneous ¥g|tan? o 0 0 0 0
2HDM: Type I 0 —cos? (B — a) %—; 0 |—cos (B — a)cot (B)|—cos (8 — a) cot ()
2HDM: Type II 0 —cos? (B — a) /1}—22 0 |[—cos (8 —a)cot (B)] cos (B — a)tan (5)
Real Triplet —2cr CT Aoy v cr cr
Complex Triplet cr —cr <)\a1 — Aéﬁ) v —cr —cr
Quartet: Y = % 0 —QCTQ—QQ v 0 0
Quartet: Y = % 0 %CT%—E v 0 0




3) More details on Extended Scalar Sectors

Scalar models parame&riseci through physical «, [
mLxLA ratio of vevs

h cosoz‘/—sinoz h «
( )( ) ( tan Bs = v /vg
H sina  cos« ©

Re(¢%) = v + ¢

Model CH CeASM CcT Ct Cp = C;
Real Singlet: explicit Bg  |tan® «|tan® @ (Aq — ™2 tana) | 0 0 0
Real Singlet: spontaneous ¥g|tan? o 0 0 0 0
2HDM: Type I 0 —cos? (B — a) %—; 0 |—cos (B — a)cot (B)|—cos (8 — a) cot ()
2HDM: Type 11 0 —cos? (B — a) /7}—22 0 |—cos (B —a)cot(B)| cos(B — a)tan(B)
1’ N :?{;al Triplet —2cr W CT Aoy \'/ | rcT o A o
| Complex Triplet cr —cr <)\a1 — %) v
| Quartet: Y = % 0 —QCTQ—QQ v
Quartet: Y = % 0 %CT%—; v




3) More details on Extended Scalar Sectors

Dawson, Murphy
(summarising 1704.07851)

Constraints from T-parameter

Model p 30 upper limit on
Singlet 1 none
2HDM 1 none
Real Triplet sec? 0.030
Complex Triplet| 2 (3 — cos 26)_1 0.014
Quartet: Y = 1|7 (4 + 3cos28) " 0.033
Quartet: Y =2 | (2 — cos 26) " 0.010




4) Strongly interacting vectors
Da Liu, Lian-Tao Wang



4) Strongly interacting vectors
Da Liu, Lian-Tao Wang

Models where transverse polarisations are strongly
coupled (Remedios),

1

(mo;;w = 5 gfach:" W:’pWCP#
Model Ozv 03\/ OHW OHB Ov OW OH wa
Remedios 1 g«
Remedios+MCHM | 1 g. g g | gv | gv | g | wel
Remedios+/SO(4) 1 g« g g | gv | &b | Ak | Vs Ah




4) Strongly interacting vectors
Da Liu, Lian-Tao Wang

Models where transverse polarisations are strongly
coupled (Remedios),

1
Osw = gi9€anc Wi W, W

'S
Model Ozv 03\/ OHW OHB Ov OW OH wa
Remedios 1 g«

emedios+m 1 [ g g' gv g\2/ g‘f y¢g3
edios+/SO(4) | 1 ’ y | Ah |y¢/\h

£- £~ g gv gv

& Higgs s rongly coupi.ed



4) Strongly interacting vectors
Da Liu, Lian-Tao Wang

Models where transverse polarisations are strongly
coupled (Remedios), |

1

Osw = = Geare W W, Wbk

Ve 3!
Model Qv | Os3v | Ouw | Ops | Ov | Ow | On | Oy,
Remedios 1 g«

emedios+m 1 g« .| & g gv gv -
edios+/SO(4) | 1 | g Neg-_| & | & | & | ,\h | Yoo A

& Higgs s rongly coupled \ Large effects in ViVi
Larqge effects in Vv

» Impor&ah& to mokivate TGC or VH av\atvsis



£) Loop effects

A 2. accidenkal svmme&r:j could lead bto BRSM-SM inkeractions:

D°Ogyy _ >O<

First effects at Loop level - calculable in weakly coupled UV

Some operators can only arise at loop level if
UV = weakly coupled particles of spinc=1




§) Loop effects

Explicit Examples: Light scalar stops @ = (Qs.in)"

L=3o"(-D*-m?>-U) o,

e = ks (1+§L:°§i+,;%§ﬁ) —%%(1+ﬁ—,—2"’2*";"0” )+
or = e (14 359) - 43 (1 45) + 3]
on=abed |(1+4590) - 335 (14 HO0sR) 4 3 4]
¢b = Tl 350

>

2

4
402 —a’®)e 2 I 2. 2 2,
1+ yoetogtine’ [ yorteten]’, (1) 4oge)
x? 1 (397 —9"%)e 1 (% +9"%)e 1 9"%e25 )2
‘;§[2(l+ﬁ s ) (14 pltedan) 4 (14 3522 ) ) o

x-. (2+ '2) xo

Useful for loop-level operators



Conclusions
EFT important for BSM searches and as generic SM test
Greneric analysis difficulk

- Important to provide Llist of EFT BSM models
with well-defined hypotheses (Benchmarks)

- Documenk readv eariv 2019

more benchmarkes...



Conclusions

Identify processes where particularly or
where analysis particularly advantageous

VH ot high-£ modified by a effect

ur,, dr, \ p QD‘L, o
. A
7~

e
\
~
\ » »
wur, dy, - S o, @

WZ — angular information improves analysis




