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1PI, see one-particle irreducible gauge theory, Standard Model, 247

2HDM, see two-Higgs doublet model antichiral representation, 429
A-term. 489. 507. 508. 543. 769 antichiral superfield, 406-408
adjoint VOper’ator ’(ad) 7418 7903 904 anticommuting coordinates, 398-402
alignment ’ ’ ’ Autonne-Takagi factorization, 886
flavor. 508 auxiliary field
limit, Higgs, 279-281, 289, 293, 297, 657 and the scalar potential, 355, 359
RPV. 644. 646 D-term, 356, 409

equation of motion, 354, 359, 432, 483
F-term, 349, 407, 493, 550
integrating out, 360, 412, 425, 554
removed by supergauging, 409

axino, 573, 596, 652

axion, xiv, 571, 572, 596

« mixing angle
CP-conserving 2HDM, 287, 294, 953
MSSM, 296, 520, 521, 773

AMSB, 568-570, 574

anapole moment, 744, 747
muon, in softly broken SUSY-QED, 761-765

angular momentum density, 21, 382 B-term, 489, 516, 572, 573, 603
angular momentum tensor, 6, 21, 48, 795 B — L symmetry, 242
annihilation process, tree-level, 85-86 Baker—Campbell-Hausdorff formula, 427, 905
anomalous dimension baryon number (B), 223
general SUSY theory, 462, 463 anomalous symmetry, 240
MSSM, 512 violation, 298, 314, 499, 634, 637
NSVZ, 464 baryon triality, 636, 637, 640, 641, 659
scalar, 448, 449 Berezin integral, 399
anomalous magnetic moment, 742-761 Bernoulli numbers, 418
muon, one-loop MSSM, 765-767 beta function
QED contribution, 748-756 general SUSY theory, 461-463
SQED contribution, 756 MSSM, 511-516
supersymmetric limit, 759 NSVZ, 463
anomalous Ward identity, 235, 236 QED, 781

anomaly, 229-259

AAA triangle diagram, 256

and 70 — v, 240
axial, 237-240

SUSY-breaking parameters, 464-466
Bhabha scattering, 674-676
Bianchi identity, 415
bilinear covariants

baryon and lepton number current, 240 four-component spinor, 145-150, 822-824
cancellation of, 246-249. 257 transformation under P, T, and C, 819-823
coefficient 2447 927 ' translation between two- and

discrete g;uge,72497255’ 635 four-component spinor notation, 146
gauge, 243-249 two-component spinor, 19, 819-820

mixed gauge-gravitational, 246, 250, 257 bino, 340, 497, 530, 531, 541, 594, 595
triangle diagram, 231 light neutralino, 653

VAAA box diagram, 242 bispinor, 17, 802

VVA triangle diagram, 239, 256 Bouchiat-Michel formulae

four-component spinor, 861-863

VVVA box diagram, 242, 256
two-component spinor, 855-858

anomaly-free

discrete symmetry, 250-255, 635 BPS states, 391
gauge group, 243-245, 248 BRST symmetry, 200
gauge theory, MSSM, 249 cascade decays, 578, 579
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Casimir operator, 6, 195, 311, 460, 906—908,
918, 919, 925
center-of-momentum (CM) frame, 825-830
central charges, 386, 390, 396
charge conjugation (C), 30-32, 40-41, 148,
150, 187, 819-823
matrix, 139, 140, 143, 803-806
chargino
decays, 575-577, 712
masses and mixing, 528-532, 546, 547, 661
chiral representation, 429
chiral superfield, 406-408
chiral supermultiplet, 336, 406
content of MSSM, 339
counting of degrees of freedom, 350
gauge interactions, 357-359
CKM matrix, 222, 277, 955
Clifford algebra, 387, 390
Clifford vacuum, 387, 391
CMSSM, 508, 538-540, 595
boundary conditions, 509, 517, 534, 556
Coleman—Mandula Theorem, 335, 367, 368
Compton scattering, 879-882
Condon—Shortley phase convention, 375, 863
cosmological constant, 559
counterterm
fermion mass, 117, 176, 180
Feynman rules, 438-440
scalar squared-mass, 98
tan 3, 772, 786
vector boson squared-mass, 106
covariant derivative
antichiral, 404, 405
chiral, 404, 405
gauge, 74, 191, 197, 198, 358
gauge/chiral, 424
SU(2)xU(1) gauge, 217
CP conjugation, 41-43, 150, 819-823
CP violation
2HDM, 278, 279
explicit, 264, 285
MSSM, 504-510
NMSSM, 608
spontaneous, 264, 285
Standard Model, 224
CPT conjugation, 41-43, 148-150, 186,
819-823
custodial SU(2) symmetry, 217

D-term, 359, 415, 434
auxiliary field, 356, 409
equation of motion, 359, 483
D-term breaking, 480, 482-484
dark matter, xiv, 500, 501, 541, 592-597
average density, 592
bulk region, 594
co-annihilation, 593-595

detection, 596-598

freeze out, 593

funnel region, 595

gravitino, 566, 581, 593, 596
higgsino, 597, 598

local density, 596

neutralino, 592-597, 699

NMSSM singlino, 609

pair annihilation, 593-595, 699, 717

decays
cascade, 578, 579
gluino, 578

neutralino and chargino, 575-577, 651
scalar boson, 81-83, 166
slepton, 577, 578
squark, 578
to goldstino, 579-581
vector boson, 83-85, 167
decoupling limit
2HDM, 279, 280
MSSM Higgs sector, 297, 523, 524, 528, 775
NMSSM Higgs sector, 657
degrees of freedom
chiral supermultiplet, 350, 407
equality of bosonic and fermionic, 336, 381,
384, 400, 432
gauge supermultiplet, 355, 356, 415
linear supermultiplet, 431
massless spin-1 boson, 5
off-shell, 23, 153, 415, 416
on-shell, 23, 28, 153
scalar and vector boson, 209
dilaton-dominated SUSY breaking, 557
dimensional reduction, 445-459, 719
evanescent parameters, 452
problematic, 453-457
dimensional regularization, 446, 719, 832
formulae in d dimensions, 968, 969
dipole moment
electric, 506, 507, 744, 746, 786
magnetic, 742-761
Dirac equation, 52, 53, 60, 137, 151, 157
Dirac fermion, 22, 28, 29, 141, 376, 883
equivalence to a pair of mass-degenerate
Majorana fermions, 22, 42, 153
discrete gauge symmetry, 249-250, 632-637
anomalies, 249-255
anomaly cancellation, 250-255, 258, 635
B and L violation, 638
baryon triality, 636, 637, 640, 641, 659
GMP, GLP, GBP, 634
motivation for RPV, 640
MSSM, 632-635
proton hexality, 640, 659
soft SUSY-breaking terms, 660
Standard Model with massive neutrinos, 253
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discrete symmetry
charge conjugation (C), 30, 40-41, 148, 150,
819-823
CP, 41-43, 150, 819-823
CPT, 41-43, 148, 150, 819-823
parity (P), 30, 33-36, 49, 148, 149, 819-823
time reversal (T), 30, 36-39, 49, 148-150,
819-823
Z3, 283, 291, 427, 635
Z3, 601, 636, 637, 640
Zg, 640, 659
Zn, 250, 253, 254, 258, 426, 632634
divergence
infrared, 722, 724, 726, 780, 832, 968, 974
linear, 231, 334, 344
logarithmic, 334, 344, 473-476
quadratic, 331-335, 341, 364, 442, 473-476
ultraviolet, 434, 445, 722, 724, 726, 968
DR scheme, 451
translation to MS scheme, 457-459
translation to NSVZ scheme, 463, 464
DR’ scheme, 459, 471, 472
DRED, 449, 719, 720
problematic, 453, 454, 456, 457
DREG, 446, 719, 720
dual tensor, 239, 794
duality relation, 18, 138, 798, 803
Dynkin index, 195, 309, 311, 327, 460,
906-908, 919, 925

effective potential, 466-473
and quadratic divergences, 363
Coleman—Weinberg, 469, 485
DR’ scheme, 471, 472
MS scheme, 470
MSSM, 519
O’Raifeartaigh model, 485
RG invariance, 469
Standard Model at one loop, 470
use of Landau gauge, 468
electromagnetic vertex structure, 743-748
form factor, 743, 761, 785
electroweak symmetry breaking
in RPV SUSY, 642
in the MSSM, 516-528
in the SM, 215
energy—momentum tensor, 21, 382, 383
epsilon-scalars, 450-452
equation of motion
for auxiliary field, 354, 359, 432, 483
for superfield, 413
Euler angles, 843-845, 878
Euler’s constant, 446, 475, 969
evanescent parameters, 452
extended supersymmetry, 337, 385-391

F-term, 359, 434
auxiliary field, 349, 493, 550

equation of motion, 354, 432
F-term breaking, 480, 484-488, 553, 558, 568
Faddeev—Popov ghosts, 200, 208
Fayet—Iliopoulos mechanism, 482-484
Fayet—Iliopoulos term, 415, 482, 483, 490, 494
absence in nonabelian gauge theory, 420
FCNC, tree-level
constraints on the MSSM, 507, 508, 533
Higgs-mediated, 265, 277-278, 282
Fermi constant, 215, 662, 678, 952
fermion mass matrix, 24, 222, 883-893
Feynman diagrams
Bhabha scattering, labeling, 672
boson—fermion scattering, 86-91, 168-171
fermion—fermion scattering, 91-93
general structure, 79
Mgller scattering, labeling, 670
one-loop vertex correction, 126, 183
scalar boson decay to fermions, 81-83, 166
tree-level fermion—fermion scattering, 171
vector boson decay to fermions, 83-85, 167
Feynman rules
counterterm, 438-440
external bosons, 62
external four-component fermions, 165
external states beyond tree level, 124, 182
external two-component fermions, 61, 668
four-component fermion interactions, 161
four-component fermion propagator, 159
four-component Majorana fermion, 159, 165
gauge boson propagator, 70, 201, 208, 779
Goldstone boson propagator, 208
MSSM Higgs—fermion interactions, 954, 955
MSSM, chargino and neutralino gauge
interactions, 956
MSSM, chargino and neutralino Higgs
boson interactions, 959
MSSM, chargino and neutralino interactions
with fermions and sfermions, 960
MSSM, Higgs—fermion interactions, 952
neutrino, seesaw model, 949-951
nonabelian gauge field theory, 199
RPV SUSY Yukawa interactions, 967
scalar propagator, 70
SM, electroweak fermion interactions, 947
SM, gluon—quark QCD interactions, 947
SM, Goldstone—fermion interactions, 950
SM, Higgs—fermion interactions, 949
SUSY-QCD, 965
SUSY-QED, 719
two-component fermion interactions, 70
two-component fermion propagators, 62, 669
two-component fermion, QED vertex, 671
Fierz identities, 20, 427, 810-816, 877
four-component spinor, 815-816
two-component spinor, 810-814
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fine-tuning, 282, 298, 304, 344, 567, 612, 621

flat direction, 72, 556

in MSSM Higgs potential, 517
O’Raifeartaigh model, 485, 486

flavor alignment, 508

flavor index, 24-28, 114, 166-167, 791-792
flavor SU(3) symmetry and the Q~, 345
flavor violation, MSSM, 504-510

flux factor, 836, 840

focus point region, 541, 595

four-component spinor, 136, 803
bilinear covariants, 145-150, 822-824
Bouchiat—Michel formulae, 861-863

Dirac field, 156

discrete symmetries, 145-150, 822-824

Majorana field, 155

wave function, 155-158

Weyl field, 151

Furry’s Theorem, 246, 257

gamma matrices, 137, 803
chiral representation, 137, 805
Dirac representation, 185, 806
identities in d # 4 dimensions, 818
Majorana representation, 185, 806

trace identities, 138
gap equation, 679
gauge

Feynman, 200, 779

Landau, 70, 200, 208, 468, 732, 771

R, 70, 207-208

’t Hooft—-Feynman, 70, 208, 959
unitary, 70, 207-208, 219, 959

Yennie, 780
gauge coupling

holomorphic, 420, 464
running, 308, 310-314
gauge coupling unification
failed, non-supersymmetric GUTs, 308, 313
successful, supersymmetric GUTs, 308, 314,

510
gauge group

anomaly-free, 243-245

nonabelian, 192-196

gauge kinetic function, 422
gauge supermultiplet, 337, 340, 356, 380, 389
degrees of freedom, 356

gauge theory
abelian, 191-192
nonabelian, 196-199

spontaneously broken, 202-210

gauge transformation
in superspace, 409

gaugino, 337, 528
couplings, MSSM, 497
mass unification, 513, 530, 532, 556, 562
generator
broken, 204, 205, 209, 212, 480
electric charge @, 215
fermionic, 350, 367-371, 390
hypercharge Y, 215
Lie group, 193, 901
rotation and boost, 4
translation, 6
unbroken, 204, 205, 209, 212
weak isospin T3, 215
Giudice-Masiero mechanism, 571, 573, 574
gluino, 340
decays, 578
mass, 532-533
pair production, 708-712
production at hadron colliders, 582, 583
GMSB, 538, 540, 550, 560-566, 574
goldstino, 480, 481
and the gravitino, 550-553
Fayet—Iliopoulos model, 483
in superpartner decays, 552, 553, 579-581,
587, 588, 591, 592
O’Raifeartaigh model, 486
Goldstone boson, 203, 209, 212, 268
Goldstone field, 204, 271, 603, 604
Goldstone’s Theorem, 203-204
Gordon identities
four-component spinor, 187
two-component spinor, 127
Gram determinant, 825, 826
grand unification, 298-318, 617632
adjoint breaking, 300, 325
doublet—triplet splitting problem, 304, 621,
625
E¢ Yukawa couplings, 626, 627
fermion mass relations, 316-318, 328
gauge coupling unification, 308, 617, 622
gauged B — L, 624
Georgi—Jarlskog relations, 318, 328
missing doublet mechanism, 304, 622, 625
missing VEV mechanism, 304, 625
normalization of the U(1)y generator, 309
proton decay, 314-315, 627—632
RPV, 624, 625, 640
SO(10) symmetry breaking, 306, 624
SO(10) Yukawa couplings, 625
SU(n) symmetry breaking, 325
SU(5) scalar potential, 326, 618
SU(5) symmetry breaking, 300, 303, 325,

nonabelian, 193, 194, 197, 198 619
U(1), 192 SU(5) Yukawa couplings, 316, 317, 327, 620
gauge-covariant chiral-covariant derivative, 424 supersymmetric, 617-632

gauge-fixing term, 200, 207, 432 Yukawa coupling unification, 626
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grand unification group Higgs mass radiative corrections
Eg, 307, 626, 627 MSSM, 521, 523-526, 544-546, 768776
flipped SU(5), 626, 659 RG-improved, 775, 788
SO(10), xiii, 298, 306-307, 623 Higgs mixing angle
SU(5), xiii, 299-306, 323, 618 2HDM, CP-conserving, 286, 287
Grassmann-odd variables, 398-402 2HDM, CP-violating, 269271
differentiation and integration, 398, 399 MSSM, 520, 521, 773
gravitino, 337 Higgs potential
as the LSP, 552, 566, 579, 581, 593 2HDM, 265, 267
in superpartner decays, 552, 553, 579-581, MSSM, 294, 516, 517
587, 588, 591, 592 RPV SUSY, 642
mass, 552, 558 Standard Model, 214
graviton, 246, 256, 380 SU(5) GUTs, 326
gravity-mediated SUSY breaking, 549-554 higgsino, 338, 497, 528-532, 541, 591, 593-595
Haag-Lopuszarniski-Sohnius Theorem, 335, 368 as dark matter, 597, 598
helicity, 7 holomorphic
amplitude, 835, 838, 857, 862, 870 gauge coupling, 420, 464
operator, 7, 188, 371, 379 gauge kinetic function, 422
spinor wave function, 54-59, 128, 157-158, renormalization scheme, 464
188, 850-852 superpotential, 354, 408, 412, 422, 436, 488
hidden sector, 549 hypermultiplet, 388, 391
hierarchy problem, xiii, xiv, xvi, 331-335, 519 index conventions
analogy to electron mass, 334 adjoint indices, 74, 205
and soft SUSY breaking, 340-342 flavor indices, 24-28, 114, 166-167, 791-792
in GUTs, 304 group indices, 799
Higgs basis, 267 undotted and dotted indices, 8, 9, 797
2HDM scalar fields, 267, 268, 271 instantons, 250, 420, 463
2HDM scalar potential, 267 Intriligator, Seiberg and Shih model, 487
MSSM Higgs SeC.tO.T, 295 Jacob—Wick partial wave expansion, 838, 881
neutral scalar mixing angles, 269 Jacobi identity, 194, 396, 901
neutral scalar squared-mass matrix, 269
NMSSM Higgs sector, 605 Kahler function, G, 557, 558
Higgs boson, 209 Kéahler metric, 425, 558
charged, 271, 290 Kahler potential, 422, 423, 435
neutral CP-even, 281, 286 Kaon mixing, 505, 506
neutral CP-odd, 281, 286 Kim—Nilles mechanism, 571-573
SM-like, 279, 289, 293, 297, 528 kinematic function
Higgs boson interactions basic four particle, 828
2HDM, Yukawa, 277-278 triangle, 684, 825, 973
Types I and 11, 292 Kronecker product, 240, 941
2HDM, coupling to vector bosons, 274, 290 Lagrangian
2HDM, self-couplings, 274, 275, 321 dimension-five, 259
MSSM, coupling to vector bosons, 527 Dirac fermion, 152
MSSM, wrong-Higgs Yukawa, 526, 776-779 effective four-fermion, 679
MSSM, Yukawa, 526 four-component fermion field, 151
Standard Model, 219, 223, 227, 273, 274, 281 Majorana fermion, 151
Higgs bosons, MSSM, 520, 521 nonrenormalizable SUSY, 421-425
couplings to fermions, 526, 527 seesaw, 259-261
couplings to gauge bosons, 527 supersymmetric, 347-366
signals at eTe™ colliders, 589, 590 two-component fermion field, 20
signals at hadron colliders, 587 Weyl fermion, 151
Higgs bosons, NMSSM, 605 Large Hadron Collider, 575, 581, 583-587
Higgs mass, 218 Leibniz rule, graded, 400-402
bound, MSSM, 343, 521, 525, 526 lepton number (L), 223
bound, NMSSM, 606, 607 anomalous symmetry, 240
sum rule, MSSM, 770 violation, 298, 314, 499

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9780521800884
www.cambridge.org

Cambridge University Press & Assessment
978-0-521-80088-4 — From Spinors to Supersymmetry
Herbi K. Dreiner , Howard E. Haber , Stephen P. Martin
Index

More Information

1004 Index

Levi-Civita tensor, 229, 754, 793, 794, 799
Lie algebra, 192-196, 901-946
basis, 195, 901
branching rule, 928-932
Cartan matrix, 912, 922
Cartan—Weyl basis, 910, 915
commutation relations, 193, 901, 909
compact, 196, 245, 909
cubic index, 244, 907
dabe, 907
dual Coxeter number, 920
Dynkin labels, 916-918
generators, 195, 901
index sum rules, 928-932
irreducible representation, 195, 916-918
tables of selected irreps, 933-938
isomorphism, 915
Killing form, 909
Lorentz, 3-5
maximal weight, 916
Poincaré, 6-7
rank, 195, 910
representation
adjoint, 74, 194, 244, 902, 909, 910, 918
antifundamental, 195, 902, 918
fundamental, 195, 902, 918
pseudoreal, 28, 29, 244, 890, 902, 917
root lengths, 922
root vectors, 910
semisimple, 196
simple, 196
structure constants, 193, 901
subalgebras, 928-932
symmetrized trace of generators, 907
weight vectors, 916
Weyl reflection, 913
Lie group, 192-196, 901-946
generators, 193, 901
Lorentz, 3-5
Poincaré, 6-7
representation, 901
semisimple, 193, 901
unitary symplectic, 387, 893, 915
light neutralino, 639, 652-653
bino, 653
CP violation, 664
light-cone gauge fixing, 357, 463
linear superfield, 431
Lippmann—Schwinger equation, 744
little hierarchy problem, xvi, 519
Lorentz group and algebra, 3-5
commutation relations, 4
matrix representations, 5
spin-1/2 representation, 7, 18
Lorentz transformation, 3, 799-802
four-component spinor, 142

spin-s field, 4
two-component spinor, dotted, 9, 10, 18, 19
two-component spinor, undotted, 8, 18, 19
LSP, 500, 592-597, 651
LSZ reduction formalism, 95, 99, 124, 182

Majorana fermion, 21, 28, 140, 886
bilinear covariants, 823
creation phase, 189, 190
discrete symmetries, 823
external, 685
Mandelstam variables, 674, 827
mass matrix
chargino, 531, 661
fermion, 24, 222, 641, 661, 8383-893
heavy neutrino, 263
light neutrino, 263
neutralino, 529, 647
quarks and leptons
2HDM, 276
Standard Model, 222
matrix decompositions, 883-893
orthogonal diagonalization, 883
2 X 2 real symmetric matrix, 894
reduction to real normal form, 890-893
singular value decomposition, 884-886
Takagi diagonalization, 886-890
unitary diagonalization, 883
2 X 2 hermitian matrix, 893
2 X 2 normal matrix, 894
matrix exponential, 418, 903-906
matrix-valued
field-strength superfield, 419
gauge field, 197
gauge field strength tensor, 198
vector superfield, 417
matter parity, 499-501, 640, 659
B — L origin, 501
B- and/or L violating, 628
definition, 499
NMSSM, 600
SO(10), 624
SUSY GUTs, 620, 624
violation, 499
matter supermultiplet, 336
counting of degrees of freedom, 350
gauge interactions, 357-359
maximal mixing scenario, 525, 545, 546
maximally helicity-violating, 873
messengers of GMSB, 561
metastable supersymmetry breaking, 480, 487
method of counterterms, 190, 437
metric signature conventions, 795-797
missing energy signal, 583-587, 589, 591
Mgller velocity, 840
MS scheme, 446, 457-459, 782
translation to DR scheme, 457-459
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MSSM, 493-547
chiral supermultiplets, 339
Constrained, 508, 538-540
Feynman rules, 952-966
flavor and CP violation, 504-509
gauge coupling unification, 308, 510
gauge supermultiplets, 340
gaugino couplings, 497
Higgs bosons, 520, 521
mass eigenstates, 538
parameter count, 502-503
parameter phases, 547
phenomenological, 543
renormalization group equations, 511-516
sample mass spectra, 540
soft supersymmetry breaking, 501-502
superpotential, 494-496
tree-level Higgs sector, 294-297
mSUGRA, 556
o problem, 498, 518, 519, 570, 571, 601
p-term, 494, 495, 497, 498, 632
muon decay
L-violating, 504, 505, 650
polarized, 676678

Nambu—-Jona-Lasinio model, 679
Nelson—Seiberg Theorem, 486, 487
neutralino

decays, 575-577, 651

mass matrix in RPV SUSY, 647

masses and mixing, 528-532, 547

NMSSM mass matrix, 609

very light LSP, 652
neutrino

Dirac, 253

Majorana, 255

mass eigenstate, 260

mixing with neutralinos in RPV SUSY, 647

radiative mass in RPV SUSY, 648

seesaw-extended MSSM, 610-617

seesaw-extended Standard Model, 259-264

tree-level mass in RPV SUSY, 647
neutron—antineutron oscillation, 639
NLSP, 541, 579-581, 587, 591, 592
NMSSM, 570, 600-609

CP violation, 608

domain walls, 601

Higgs basis, 605

Higgs mass upper bound, 606

u problem, 570, 601

neutralino mass matrix, 609

one-loop RGEs, 609

scalar potential, 601

singlino LSP, 609

tadpoles, 600

vacuum stability, 607
no-scale supersymmetry breaking, 557

Noether current, 22, 31, 59, 136, 237
Noether procedure, 21, 47, 350, 359
nonrelativistic potential

scalar or pseudoscalar exchange, 93-94
nonrenormalization theorem, 435-437
NSVZ scheme, 463-464
NUHM, 509

O’Raifeartaigh model, 484-488
Q~ prediction from flavor SU(3), 345
one-particle irreducible, 96, 437, 460, 477
Green function, 467, 468
self-energy function
Dirac fermion, 114, 172, 173, 730, 731
Majorana fermion, 174
scalar, 96, 102
two-component fermion, 110
vector boson, 105, 201

parameter count
2HDM scalar potential, 268
effective theory of neutrino masses, 319
MSSM, 502-503
RPV SUSY, 663-664
seesaw-extended Standard Model, 319
Standard Model, 223-224
parity (P), 3036, 49, 148, 149, 819-823
Parke-Taylor formula, 873
partial wave unitarity, 838
Passarino—Veltman loop functions, 969-984
AQ, Bo, and CO, 970
derivatives of Ag and By, 974, 980
Pati—Salam group, 501, 623, 625
Pauli matrices, 8, 75, 195, 214, 794, 798
Pauli—Lubanski vector, 6, 44, 372, 378, 392
supersymmetric generalization, 393
Peccei-Quinn symmetry, 283, 502, 570-574
phase space
cross section formula, 836, 838
decay rate formula, 834, 835
dimensionally regularized, 832-834
Lorentz-invariant, 829-831
n-body, volume, 831
P-basis, 266, 287, 291, 320

photino, 340, 432, 493, 494, 547, 579, 717, 720
Planck scale, xiii, 302, 312, 344, 509, 549, 567

Planck-scale-mediated SUSY breaking,
553-560
PMNS matrix, 260, 949, 951
pMSSM, 543
Poincaré group and algebra, 6-7
Casimir operator, 6
commutation relations, 6, 368
polarization sum, spin-1 boson, 865, 872, 879
polarization vectors, 863-869, 877-879
pole mass, 97, 98, 117, 173
electron, 780
gluino, 739-742

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9780521800884
www.cambridge.org

Cambridge University Press & Assessment
978-0-521-80088-4 — From Spinors to Supersymmetry
Herbi K. Dreiner , Howard E. Haber , Stephen P. Martin
Index

More Information

1006 Index
top quark, 730-739 renormalization constants
Polonyi SUSY breaking, 557 QED, 781
projection operator wave function, 97-99, 106, 116-126,
chiral, 137, 803 174-182, 722-726
form factor, 748, 749, 784 Wess—Zumino model, 435-445
massless helicity, 58, 158 renormalization group equations, 459
spin-1/2, 57, 58, 157 general SUSY theory, 461-463
superspace, antichiral, 430 MSSM, 511-516
superspace, chiral, 430 relation to counterterms, 447-449
superspace, transverse, 430 RPV SUSY, 662, 663
propagator, fermion SUSY-breaking parameters, 464-466
four-component Dirac, 160 renormalization scale @, 446, 971
four-component Majorana, 160 renormalization scheme
two-component Dirac, 69 DR, 451, 457-459
two-component Majorana, 66 HiggsMass (HM), 786
propagator, scalar, 70 MS, 457-459, 782
propagator, vector boson, 70, 201, 779 on-shell, 99, 100, 121, 782
transverse and longitudinal, 105, 201 representation
proton decay adjoint, 74, 194, 244, 902, 909, 910, 918
in non-supersymmetric GUTs, 314-315 antifundamental, 195, 902, 918
in SUSYGUTS, 627-632 complex, 28, 195, 244, 902
light neutralino, 639 conjugate, 10, 28, 902
R-parity violation, 499, 638 contragredient, 8
via dimension-five operators, 629 defining, 195, 902
proton hexality, 640, 659 Dynkin labels, 916-918
pseudo-Goldstone boson, 486, 571, 600 fundamental, 195, 902, 918
QED, 133, 191, 192, 237, 334, 335, 719-724, irreducible (irrep), 5, 916-918
748, T79-782 Lorentz group, 5
quadratic divergence, 331-335, 364, 473-476 Poincaré group, 6
and supersymmetry breaking, 363, 364 pseudoreal, 28, 29, 244, 890, 902, 917
cancellation, 442 real, 28, 244, 902
quasi-4-dimensional space (Q4S), 456 self-conjugate, 244, 902
. tensor product, 906, 908, 927, 933, 941, 945
R-axion, 486

unitary, 902
p parameter, 217, 228, 264
RPV, 637-653
alignment, 644, 646
basis choice, 644
bounds on couplings, 661
GUTs, 640
Higgs potential, 642
lepton-Higgs mixing, 641

R-parity, 499-501

B — L origin, 501

in GUT models, 624

violation, 499, see also RPV
R-symmetry

continuous, 370, 425-427, 500, 508

discrete, 500

explicit breaking, 486

d, 426

izf‘ffawr 570 light neutralino, 652-653
maximal group, 387, 396, 397 p = ey, 650
O’Raifeartaigh model, 486 neutralino decay, 651, 692

neutralino—neutrino mixing, 647

table of charges, 426 N
neutrino mass, 647650

Racah time reflection, 186

radiative electroweak symmetry breaking in
the MSSM. 517. 518 parameter count, 663664

| ’ proton decay, 638

renormalization group equations, 662, 663

neutron—antineutron oscillation, 639

reference momentum, 877, 878, 880

regularization :
dimensional (DREG), 446, 720 sneutrino mass, 645, 663
dimensional reduction (DRED), 449, 720 spontaneous., 637
problematic, 453, 454, 456, 457 superpotential, 499, 637
ultraviolet cutoff, 334, 474-476 same-sign dilepton signal, 584, 585
relativistic kinematics, 825-828 sbottom, 338, 536, 537, 542
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scalar field singular values, 25, 27, 260, 261, 884, 887
basis, 266 degenerate, 26, 887, 896, 897, 899, 900
complex representation, 210 slepton, 338
real representation, 203 decays, 577, 578
scalar potential, 203 left- and right-handed, 338
2HDM, ®-basis, 265 masses, 533-537, 564
2HDM, Higgs basis, 267 sliding singlet, 621
and auxiliary fields, 355, 359 smuon, 338, 742
from superpotential, 355 sneutrino, 338
minimum conditions, 2HDM, 266, 268 CP mass eigenstates, 615, 642, 645
minimum conditions, RPV SUSY, 642 CP violation, 615
MSSM Higgs, 294 decay, 682
RPV SUSY, 642 Higgs mixing, 642
Standard Model, 214 mass difference, RPV, 645
SU(n) gauge theory, 325 mass matrix in seesaw model, 613
SU(5) GUT, 326 soft supersymmetry breaking, 341
scalar supermultiplet, 336 and quadratic divergences, 363
counting of degrees of freedom, 350 and the hierarchy problem, 340-342
gauge interactions, 357-359 classification of terms, 363, 488-489, 555
scattering process, tree-level, 86-93, 168-171 interactions, 363-365, 489, 554
Scherk—Schwarz mechanism, 570 MSSM, 501-502
Schouten identity, 9, 10, 47, 798, 877 RPV SUSY, 638
seesaw model of neutrino mass universal, 507-510, 556
Casas—Ibarra parameterization, 319 spacetime notation, 793
discrete gauge symmetry, 255 sparticle, 500, 508, 538-543, 575
effective theory, 259-261 spin four-vector, 54, 795, 852, 853
in four-component spinor notation, 154, 155 spin operator, 6
RPV neutralino—neutrino mixing, 648 covariant, spin-1/2, 852-855
seesaw-extended MSSM, 610617 spin-sum identities, 59, 158
seesaw-extended Standard Model, 259-264 spinor
sneutrino mass matrix, 613 charge-conjugated, 40, 138
selectron, 338, 432, 494, 720 Dirac adjoint, 138
self-energy four-component, 136, 874
charged scalar field, 101 left- and right-handed, 137, 139
electron in QED, 334 massless, 57, 58, 157, 188, 874-877
electroweak boson, 726-730 Racah time-reversed, 186
four-component Dirac fermion field, 172-174 self-conjugate, 140
four-component Majorana fermion field, 174 space-reflected, 33, 138, 186
gluino, 739-742 time-reversed, 36, 138, 186
neutral scalar field, 95 two-component, dotted, 9
scalar field, 95-104 two-component, undotted, 8
top quark, 730-739 spinor helicity method, 57, 873-882
two-component fermion field, 107-116 spinor products, 11, 16, 869, 874-876
vector boson field, 104-107 conjugation, 13
semidirect product, 6, 23 hermiticity properties, 16
sfermion, 338 spinor wave function
sigma matrices, 8, 13, 794, 798, 875 four-component, 155-158, 858-861
identities, 15, 807-808 nonrelativistic limit, 847-850
identities in d # 4 dimensions, 816-817 two-component, 53-59, 874
singlino, 573, 608609 two-component, fixed-axis, 842—-847
singular value decomposition, 27, 884-886 two-component, helicity, 850-852
2 X 2 complex matrix, 895 spoiler mode, 585
2 X 2 real matrix, 897 spontaneous symmetry breaking
chargino masses, 546, 547 R-symmetry, 486
fermion mass matrix, 72, 884 gauge theories, 202-210
quark and lepton masses, 222, 276 supersymmetry, 479-488
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spurion
field, 24, 27, 436, 458, 554, 760
method, 464, 465, 554
squared-mass matrix
neutral Higgs boson, 269, 286, 293
scalar, 204, 210, 212, 214
sfermion, 536
sneutrino, 645
vector boson, 205, 212
squark, 338
decays, 578
left- and right-handed, 338
masses, 533-537, 564
production at hadron colliders, 582, 583
Standard Model (SM), 214-224
parameter count, 223-224
quarks and leptons, 219
Yukawa interactions, 221-223
stau, 338, 537, 541
stop, 338, 536, 542-546, 578
strange formula, 914
strong CP problem, xiv, 224, 571, 596, 652
sum rule for squared masses, 481, 482, 485, 548
summation convention
repeated matrix/flavor indices, 791, 792
repeated undotted/dotted indices, 12
spacetime (or space) indices, 793
thrice-repeated adjoint indices, 74, 193, 417
supercoordinates, 398-402
supercurrent, 350, 359
and goldstino couplings, 550, 551
superfield, 399
antichiral, 406-408
chiral, 406-408
equation of motion, 413
linear, 431
operator, antichiral representation, 429
operator, chiral representation, 429
vector (or real), 408
supergauge transformation, 409, 418, 419, 423
supergravity, 380, 421, 551, 553, 556560
minimal, 556
N =8, 389
superhelicity, 378, 388
supermultiplet, 336
N =1, chiral, 336, 376
N =1, massive, 337, 372, 376, 389, 394
N =1, massless, 376, 380, 395
N =1, massless gauge, 337, 380
N > 1, massless, 388
long, 391
short, 390
ultrashort, 390, 391
superpartner, 248, 336-343, 575-581
superpotential, 354, 355, 360, 435, 637
gauge invariance, 358, 360

holomorphicity, 354
Wilsonian effective, 436
superspace, 398-402
derivatives, 400, 401
effective action, 434
integration, 401, 434, 435
Lagrangian, 410, 411
abelian gauge theory, 414-417
chiral supermultiplet, 411-413
nonabelian gauge theory, 417-420
nonrenormalizable, 421-425
translation, 402, 427, 428
superspin, 373, 376, 394, 397
supersymmetric
gauge theories, 355-357
gauge-fixing term, 432
Lagrangians, 347-366
QCD, 965
QED, 493, 494, 719-726
Yang-Mills, N = 4, 389, 396
supersymmetry
at ete™ colliders, 588-592
at hadron colliders, 581-588
compressed, 597
extended, 337, 385-391
historical analogies, 343-345
introduction, xiv, 335-343
N =1, 368-370
radiative corrections, 434-473
spontaneous breaking, 479-488
supersymmetry algebra, 336, 351, 352, 370
N =1, Casimir operators, 372, 377
N =1, representations, 371-380
N > 1, Casimir operators, 396
N > 1, representations, 387, 389
extended (N > 1), 386, 395, 396
fermionic generators, 335, 368-370, 386
in four-component spinor notation, 392
in terms of differential operators, 403
supersymmetry breaking
anomaly-mediated, 568-570, 574
communication to MSSM, 548, 549
dilaton-dominated, 557
effective theory, 488, 489, 553-555
extra-dimensional, 566, 567
flavor-aligned, 508, 556
gauge-mediated, 550, 560-566, 574
gravity-mediated, 549-554, 556, 558
hard, 364, 554-556
maybe soft, 363, 364, 554, 556
metastable, 480, 487
no-scale, 557
Planck-scale-mediated, 553-560
Polonyi, 557
soft, 341, 363-365, 501, 507-510, 554, 555
spontaneous, 479-488

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9780521800884
www.cambridge.org

Cambridge University Press & Assessment
978-0-521-80088-4 — From Spinors to Supersymmetry
Herbi K. Dreiner , Howard E. Haber , Stephen P. Martin
Index

More Information

1009

Index

supersymmetry transformation
as a superspace translation, 402, 427, 428
chiral supermultiplet, 347-349
gauge supermultiplet, 357
supertrace, 364, 442, 482, 485
supertranslation operator, 427, 428
SUSY-QCD, 965
SUSY-QED, 432, 493, 494, 719, 724-726

tadpole
cancellation condition, 732, 769
coupling, 363, 446, 600
diagram, 465, 468, 521, 732, 769
function, one-loop, 773, 774, 787
Takagi diagonalization, 25, 886-890
2 X 2 complex symmetric matrix, 897, 899
fermion mass matrix, 72, 114
neutralino masses, 529
neutrino masses, 154, 155, 260-262, 611
relation to SVD, 888-890
Takagi vectors, 887
tan 3
2HDM, 266, 284, 285, 287, 291
MSSM, 295, 503, 518, 772, 952
NMSSM, 602
RPV SUSY, 645
© vacuum angle, 223, 224, 420, 502
threshold singularity, 968, 974, 975, 980
time reversal (T), 30-32, 36-39, 49, 148-150,
819-823
top-squark mixing, 536, 543-546
translation in superspace, 402, 427, 428
translation operator, spacetime, 6, 403
trilepton signal, 585
trinification, 627
two-component spinor, 8, 797
bilinear covariants, 819-820
Bouchiat—Michel formulae, 855-858
Dirac field, 60
discrete symmetries, 819-820
labeling, external fermion, 669
Majorana field, 52
naming conventions, 667-672
product identities, 809-811
wave function, 53-59
helicity, 850-852
nonrelativistic limit, 847-850
two-Higgs doublet model, 264-297
alignment limit, 279-281
bosonic couplings, 273, 274, 290
charged scalars, 271
CP-conserving, 278, 285-294
decoupling limit, 279, 280
GWP conditions, 282-284, 291, 293
invariant mixing angles, 269-271
neutral CP-even scalars (h, H), 281
neutral CP-odd scalar (A), 281

SM-like Higgs boson, 279

softly broken Zs symmetry, 284, 322
tree-level MSSM Higgs sector, 294-297
Types I, II, X, and Y, 282-285, 291
unconstrained, 265-273

Yukawa couplings, 275-278

U(1)gr charge, 436, 486

U(1)r generator, 370, 433

unification
gauge coupling, 308, 510
gaugino mass, 513, 530, 532, 556, 562
Yukawa coupling, 316

units, 792

vacuum energy, 381, 383, 559
vacuum expectation value, 202-204, 212
2HDM, 266, 285
MSSM, 518
Standard Model, 215, 265
vector supermultiplet, 337
content of MSSM, 340
degrees of freedom, 356
visible sector, 549

Ward identity, 201, 231
anomalous, 235, 236
QED, 730, 781
wave function renormalization
electron, 719-726
four-component Dirac fermion, 174-180
four-component Majorana fermion, 180, 181
scalar field, 97
two-component Dirac fermion, 116-123
two-component Majorana fermion, 123, 124
vector boson, 106, 107
weak mixing angle, 215
‘Wess—Zumino gauge, 357, 409, 416, 418-420
Wess—Zumino model, 347-352
action, 435
renormalization, 437-445
Weyl fermion, 137
Wigner’s little d matrix, 838
winding number, 420
wino, 340, 497, 528-532, 541, 591, 593-595
Witten index, 385, 487
wrong-Higgs Yukawa couplings, 526, 776779

Young tableau, 916, 927
Yukawa couplings, 71, 73, 74, 83, 93, 192
2HDM, 275-278
2HDM, Types I, II, X, and Y, 282-285, 291
GUTs, 316, 317, 327, 620, 625-627
MSSM, 494, 495, 526, 776
MSSM, wrong-Higgs, 526, 776779
RPV SUSY, 967
Standard Model, 221-223

Zassenhaus formula, 905
zino, 340, 547, 580
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